
;e3e|<L|9BBCF2GTK6KTL  ' r,~ ~ z ~uN zooi  This application is a
continuation-in-part application of and claims the benefit of the earlier
filed provisional application, Serial No. 5 60/076,298 filed on February
27, 1998 entitled "Electrocoagulation Device." Technical Field  The present
invention relates to a method and apparatus for treating a liquid and, more
particularly, to a method and apparatus for 10 electrocoagulation of
liquids by electrolytic treatment to cause impurities in __ the liquid to
be removed or separable. Background Art It is known in the art to
electrolytically treat liquids to allow separation of a broad range of
contaminants including metals, solids, 15 pathogens, colloids and other
undesirable substances. Electrolytic treatment involves the use of an
electrical field which is applied to a liquid contained in a chamber in
order to coagulate and otherwise to allow for removal of impurities found
in the liquid. One example of a prior art device and method for
electrolytic treatment is disclosed in PCT 20 Publication No. WO 9640591.
According to this invention, a waste stream is first passed through a
polarizing means having an electrical potential that is different than
ground potential, and then passed through an electrocoagulation chamber
including a plurality of elongate electrodes or electrocoagulation blades
which have different electrical potentials in 25 comparison to one another.
A plurality of holes are provided in the electrodes to cause turbulence in
the waste stream which, in turn, increases   w~ ~ J a N 20D2 2 the
efficiency of the electrocoagulation. Although this device may be adequate
for its intended purpose, one disadvantage of this device is.that the
torturous flow path of the waste stream as it passes through the device
requires the electrodes or electrocoagulation blades to be of a high
strength 5 to withstand the high water pressure which must be used in order
to keep the waste stream from clogging. Because the blades of these devices
have to be significant in size and strength, a limited number of them can
be used in a specified volume which reduces the actual surface area
available for eiectrocoagulation treatment. Additionally, these coagulation
blades 10 require higher input line voltages in order to obtain the desired
amperage between the blades in the electrical field because their surface
area is limited by the high pressure. Smaller plates can withstand higher
pressures, but the ability to maintain a desired amperage is sacrificed
because available blade surface area within an electrocoagulation device is
15 directly related to the amperage which can be maintained. Additionally,
the torturous path also causes problems due to trapped gases produced by
the electrolytic reaction in the chamber which further increases the
pressure upon the blades. Accordingly, a high powered pump must be used to
overcome the natural tendency of the waste stream to clog within the 20
chamber. This PCT publication encompasses the same subject matter as
disclosed in U.S. Patent Nos. 5,611,907 to Herbst, et al. and 5,423,962 to
Herbst, and further includes subject matter not found in these other
patents. Other examples of electrolytic treatment devices are disclosed in
U.S. Patent No. 4,293,400 to Liggett and U.S. Patent No. 4,872,959 to 25
Herbst, et al. These devices utilize electrodes in the form of metal tubes
or pipes but require great effort in repairing or replacing the tubes. This
amount of down time is unacceptable for many commercial applications.  



l ~ ^,I JUN p . _: _ _ , 3 U.S. Patent No. 5,043,0S0 to Herbst discloses
flat electrodes used within a coagulation chamber; however, in order for
the apparatus of this invention to be used, the edges of the coagulation
chamber must be tightly sealed. After long periods of use, the seals are
difficult to maintain. 5 U.S. Patent No. 3,925,176 to Okert discloses the
use of a plurality of electrode plates for electrolytic treatment of
liquids. However, these plates are not intended to be removed either as a
whole or individually. - Furthermore, the device disclosed in this
reference cannot be powered in a series electrical connection which is
desirable in many circumstances. 10 U.S. Patent No. 5,302,273 to Kemmerer
discloses an ionic reaction __ device including a tubular housing with
multiple circular electrode plates for the treatment of a fluid. Because of
the torturous path utilized in the reaction chamber of this device, high
pressures are required to move the liquid through the device, and the
device appears susceptible to clogging 15 and excessive gas buildup. One
shortcoming of a11 of the foregoing prior art references is that there is
no means by which to transform the input line voltage to the voltage and
amperage necessary to optimize the electrocoagulation treatment without
having to use a separate transformer. In other words, the 20
electrocoagulation chambers themselves do not have the capability to
transform the input line voltage to a desired voltage and amperage within
the electrical field of the electrocoagulation device. Another shortcoming
of the prior art which utilizes a torturous flow path is that the
electrodes or electrocoagulation blades require precision 25 holes to be
cut to allow gaskets to be bolted between the blades in order to withstand
the pressure created by the torturous path. Additionally, the blades have
to be laser cut with extreme precision in order to maintain the   ~
2.u.uN~zooz 4 exact desired path. Deviation from a predetermined path can
result in clogging due to buildup of coagulated solids bridging between
rnisaligned blades. These manufacturing requirements greatly add to the
cost of building an electrocoagulation device. 5 Another shortcoming of the
prior art, which includes many of those discussed above, is that the blades
are not easily removable for replacement or cleaning. Particularly for
those chambers utilizing a tortuous path, -a great number of bolts and
gaskets are required to keep them in alignment. 



Accordingly, these pieces of hardware must be removed in order to replace
10 the blades. Each of the foregoing disadvantages are overcome by the
apparatus and method of this invention. Additionally, the apparatus and
method of this invention achieve other advantages discussed more fully
below. Disclosure of the Invention 15 In accordance with one aspect of the
present invention, an apparatus for electrocoagulation of liquids is
provided. in its simplest form, the device or apparatus includes a housing
defining a reaction chamber, and a plurality of spaced reaction
plates/blades which are oriented in a vertical position within the reaction
chamber. An inlet is provided to allow a 20 desired flow of liquid into the
reaction chamber and into the gaps or spaces between the blades. An outlet
is provided at an elevation higher than and downstream of the inlet for
allowing the liquid to flow from the chamber after the liquid has been
treated in the chamber. Selected blades connect to ' electrical leads which
carry an input line voltage. An electrical field is 25 created in the
chamber between the electrically connected blades. The electrical leads may
be attached to selected blades in order to provide the   12 J U 1~,,2~02 ~:
;: S 5 10 15 20 25 reaction chamber with the desired voltage and amperage
to optimize the electrocoagulation of the particular liquid. The ability to
vary voltage and amperage within the electrical field of the chamber can be
achieved without the use of a separate transformer. The liquid stream flow
is in an upward direction through the reaction chamber in the gaps between
the piates/blades. Accordingly, the outlet is positioned at the higher
level above the inlet. A pump may be placed upstream of the inlet in order
to provide additional head for the flow of liquid passing through the
apparatus. A series of prefilters or other preconditioning means may be
placed in tine with the pump and also upstream of the inlet in order to
remove solids or other materials which may otherwise clog the reaction
chamber. A control unit rectifies the incoming AC line voltage to a DC
voltage. Electrical leads interconnect the blades to the DC voltage made
available by the control unit. In addition to rectifying the incoming line
voltage, the control unit may incorporate a number of other functions which
helps to control the apparatus, such as a means to control the speed of the
pump and a voltmeter and ammeter to monitor the conditions within the
chamber. However, the control unit does not need a transformer as the
electrical connections made with the blades allow the desired voltage and
amperage therein to be adjusted, as further discussed below. Additionally,
the control unit can be in the form of a programmable logic controller
which could not only monitor status condition inputs, but also produce
outputs to control the electrocoagulation process. For example, the voltage
polarity of the electrical leads extending from the control unit can be
reversed based upon a timing sequence controlled by the controller. As a
further example, the control unit can measure the flow rate of the liquid
stream and adjust it accordingly by either manipulating the pump speed, or 



12. ,~ U N. 200Z 6 adjusting the flow rate through a valve positioned
upstream of the inlet. After the liquid stream has been electrolytically
treated, the liquid stream may be passed through a development chamber
and/or through secondary separation treatment in order to remove the bulk
of the contaminants which 5 still remain in the liquid stream. It is the
intent of the electrocoagulation device of this invention to remove the
bulk of contaminants in secondary separation treatment. Although some
contaminants will fall out of the liquid stream to the bottom of the
reaction chamber it is desirable to treat the liquid within the reaction
chamber and then by force of the liquid 10 stream, move the contaminants to
a downstream secondary separation - treatment point. If the bulk of the
contaminants were allowed to settle out of the liquid stream within the
reaction chamber, then the reaction chamber would have to be cleaned and
serviced more frequently. Secondary separation treatment can be achieved
with a number of devices placed 15 downstream of the reaction chamber. For
example, secondary separation can be accomplished with clarifiers filters,
centrifugal separators, or centrifuges. Each of these devices can be used
within secondary separation as referred to herein, and any one or a
combination of these devices may be used depending upon the type of liquid
stream treated. 20 In accordance with another aspect of the present
invention, a method is provided for electrocoagulation by electrolytically
treating a liquid stream. The method may include the steps of passing the
liquid stream through a prefilter and pump, and then through the reaction
chamber in an upward flow direction. The method further contemplates the
steps of 25 passing the liquid stream through an outlet of the reaction
chamber and then through a development chamber and/or secondary separation.
--, \ 12 J U N 20p  Additives can be introduced to the liquid stream in
order to target the electrocoagulation of a specific contaminant. The
electrocoagulation chambers in all of the embodiments have the ability to
transform the power of the rectified incoming line voltage to the 5 voltage
and amperage in the electrical field within the reaction chamber to
optimize the electrocoagulation treatment. These transforming
electrocoagulation chambers therefore allow the same power supplyprovided
to the electrocoagulation chamber to be used over a wide range of the
incoming line voltages. Accordingly, a separate transformer is not 10
required which greatly saves in the cost of implementing an
electrocoagulation device. Also, the ability to transform the power grid
voltage or incoming line voltage enables the invention to be used in many 



countries which have differing standard power grid or line voltages.
According to another aspect of the invention, the chamber can be 15
operated wader a vacuum. By operation under a vacuum, the gas created by
the electrocoagulation process will be removed from the chamber faster.
Furthermore, the use of a vacuum upon the chamber will reduce the amount of
dissolved air within the liquid stream. There are circumstances in which
entrained air impedes the electrocoagulation process, depending upon the 20
type of liquid treated and the contaminants to be removed. Additionally,
subjecting the liquid stream to vacuum also enables beneficial gases to be
dissolved more efficiently in the liquid stream before or after
coagulation. For example, if the amount of oxygen dissolved in the liquid
stream needs to be increased, the liquid stream can be passed through a
vacuum to 25 remove the dissolved air, then oxygen or ozone can be added
back to the liquid stream through a venturi. As another example, carbon
dioxide could be added to lower the pH of the liquid stream or ammonia can
be used in   ' ~ 2 J U N 2002 s the same way to increase the pH of the
liquid stream. Although a vacuum may be utilized, the apparatus can be
operated at atmospheric pressure, , Another benefit of operating the
chamber under a vacuum is the removal of volatilized gases and compounds
which would normally remain ' 5 in the liquid stream under higher ambient
pressure conditions. According to another aspect of the invention, a vacuum
may be applied to the apparatus of this invention by a vacuum hood which is
r placed over the reaction chamber or, alternatively the entire reaction
chamber may be placed within a sealed container or pressure vessel which )
10 communicates with a source of vacuum. If a pressure vessel is used, not
- only can a vacuum be applied, but the chamber may be kept in a
pressurized state. A pressurized reaction chamber would be advantageous in
situations in which the apparatus is placed in line with a municipal water
source which is already under pressure. Accordingly, no pump or other 15
external pressure means would be required to move the liquid stream
through the device. In another aspect of the invention, the amperage and
voltage within the chamber can be adjusted by placing a non-conductive
blade or shield between electrically connected blades. Such a
non-conductive blade or 20 shield can be made of plastic or PVC and can be
removed or added to the chamber in the same manner as the conductive
blades. The voltage and amperage within the electrical field may also be
modified by adjusting the surface area of an electrically connected blade
in contact with the liquid stream. This is achieved simply by raising or
lowering an electrically 



25 connected blade in the liquid stream. Thus, the amount of blade surface
area exposed is directly related to the amperage that will transfer in the
electrical field and through the liquid stream.    9 12 J U N 2002. In
another aspect of the invention, turbulence of the liquid stream may be
increased by providing a hydrocyclone or diaphragm-type pump upstream of
the reaction chamber. Turbulence increases the efficiency of the
electrolytic process. Turbulence may also be increased by injecting air 5
into the liquid stream upstream of the inlet of the reaction chamber.
According to a first preferred embodiment, the device of this invention may
be configured for use in the home. Alternatively, the-size of f the first
embodiment may be increased to a greater scale in a second embodiment to
handle more industrial-type uses which require greater 10 amounts of
treated liquid. In a third preferred embodiment, the apparatus - of this
invention may be modified in a much smaller scale for portable use. In a
fourth preferred embodiment, the apparatus of this invention may be
incorporated within a pressure vessel which is able to pressurize or
depressurize the environment in which the electrolytic treatment takes 15
place. The third embodiment differs from the other embodiments in that no
flow occurs through the device. Rather, a static amount of liquid is
treated and then removed for consumption. For each of the embodiments of
this invention, the electrocoagulation chambers do not utilize a torturous
flow path. The 20 elimination of a torturous flow path of the liquid stream
allows thinner blades to be used because the pressure within the chamber is
less. The use of thinner blades allows an increased number of blades to be
used within a chamber. By increasing the number of blades within the
chamber, the surface area of the blades in contact with the liquid stream
is increased 25 which enhances the electrolytic treatment of the liquid
stream. In other words, the chemical reactions which take place within the
chamber occur on the surfaces of the blades; therefore, increasing the
number of blades   ~ 2 ~ a N 2~oZ 10 within a set volume ensures that
greater electrolytic treatment takes place. Also, because there is no
torturous flow path, gases which are produced in the electrolytic process
will not create air locks which could otherwise distort the blades and the
chamber, and increase the pressure required to 5 pump a constant liquid
stream through the chamber. The simple flow path 



between the blades from the bottom to the top of the chamber allows the
gases created by the electrolytic process to rise as bubbles, as a
result-of their natural buoyancy, which may then freely escape into the
atmosphere or be drawn off by a source of vacuum. Also, the bubbles move in
the 10 direction of liquid flow which further prevents clogging and reduces
the - amount of pressure needed to move the liquid through the device.
Because the total surface area of the blades within the chamber is
increased, the electrocoagulation unit can be operated at a minimum power
consumption. In general, electrocoagulation treatment is dependent on the
15 amperage in the electrical field which is in contact with the liquid
stream. If the voltage is maintained within the electrical field at a
threshold level greater than 2 volts, the electrolytic reaction will take
place wherein metal ions from the blades are added to the liquid stream
causing the blades to be consumed over time. Voltage within the electrical
field is usually only a 20 concern if it cannot be maintained above the
2-volt level. The total surface area of the blades within the chambers of
each of the embodiments is increased sufficiently to maintain the minimum
2-volt threshold while also maintaining the amperage necessary for
effective treatment. In other words, the apparatus of this invention can be
operated at lower voltages 25 than the prior art which results in reduced
power consumption. There is a direct relationship between the voltage which
can be maintained in the electrical field for a given amperage based on the
available surface area.   . ~~ s ~'~:~ 12 J U N 2002 11 An increased
surface area allows a specified amperage to be maintained at a lower
voltage. For example, if 1 amp were required to effect treatment of the
liquid and, if the larger surface areas of the blades of this invention
allow the 1 amp to be maintained at 2 volts, then the power used is only 2
5 watts. If a prior art blade having a smaller surface area, say by
tenfold, ,requires a voltage of 20 volts to maintain the 1 amp, then the
power consumption would increase to 20 watts. As discussed above, the
surface area available in the device of this invention is much greater than
many prior art blades. Typically, prior art blades require precision
manufacturing 10 and, therefore, are expensive to make. Furthermore, these
prior art blades  had to be kept at a minimum size in order to withstand
pressure within the reaction chamber. Overcoming this size limitation
cannot be solved simply by making the blades thicker as this would in turn
decrease available blade surface area within the reaction chamber. Making
the prior art blades 1 S larger or wider without increasing thickness would
require less pressure in the reaction chamber which could result in massive
clogging or complete flow disruption. Accordingly, the size of such prior
art blades had to be kept at a minimum. The apparatus of this invention is
capable of treating many types of 20 liquids to include, without
limitation, water, oil and antifreeze.   ~ 2 J U N 2002 lla According to
further aspect of the present invention, there is provided an
electrocoagulation treatment device for treatment of a flow of liquid
comprising. a housing (t2; 74, 132) including inner surfaces defining a -
reaction chamber, said housing having an upper end and a lower end; 5 an
inlet (28, 82, I38) communicating with said housing at said lower end to
allow the flow-of liquid into said housing; as outlet (37, 98, I44)
communicating with said housing at 



said tipper end to allow the flow of liquid oat of said housing; a
pluralify of reaction plates (26, 90, I34) disposed in said 10 housing and
extending substantially vertically therein, said plurality of reaction
Plates being spaced apart from one another creating gaps between adjacent
reaction plates, said flow of liquid being in a flow direction upward
through said gaps between said plurality of reaction plates, said reaction
plates having non-insulated surfaces far direct contact with said 1 S flow
of liquid and to be consumed over time due electrocoagulation; at least two
reaction plate tabs (27, 92, I36) integral with selected ones of said
plurality of reaction-plates;-and 20 a control unit {54, 94, I50)
electrically connected to said at least two reaction plate tabs, said
control unit providing a line voltage to said tabs in order to create an
electrical field for electrocoagulation treatment within said reaction
chamber.   ~ 2 J U N 2002 11b According to yet another aspect of the
present invention, there is provided) a portable electrocoagulation
treatment device for treatment of a static amount of liquid with said
device, said device comprising: a treatment housing defining a reaction
chamber (l02); a plurality of reaction plates ( 104)x disposed in said
treatment 5 housing and extending substantially vertically therein; said
plurality of reaction plates being spaced apart from one another creating
gaps between adjacent reaction plates, said reaction plates having
non-insulated surfaces for direct contact with said flow of liquid and to
be consumed over time due to electrocoagulation; IO at least two reaction
plate tabs ( l06) integral with selected ones of said plurality of reaction
plates, said reaction plate tabs extending above a liquid line to prevent
said reaction plate tabs fiotn being immersed in the liquid; a top cover
(116) removably connected to said treatment 15 housing, said top cover
including means for sealing said top cover with respect to said treatment
housing to prevent leakage; a spout (120) communicating with said top cover
allowing the liquid within said reaction chamber to be removed after
treatment; and a power source (112) electrically connected to said at least
20 two reaction plate tabs in order to create an electrical field for
electrocoagulation treatment within said reaction chamber.  



~ 2 J U N 2002 11c According to still another aspect of the present
invention, there is provided a method of treatment of a liquid containing
impurities by electrocoagulation comprising the steps o f providing a
reaction chamber; arranging a plurality of reaction plates within said
reaction . 5 chamber, the plates being vertically disposed therein and
spaced apart from s. one another creating gaps between adjacent reaction
plates; applying a constant line voltage to selected ones of the plurality
of reaction plates to create an electrical field within the reaction
chamber,  IO passing a liquid stream vertically through the reaction
chamber in the gaps between the reaction plates; conducting
electrocoagulation of the liquid stream to cause the reaction plates to
give up ions whereby the reaction plates are - consumed over time and which
cause impurities to coagulate; I S venting gases created by
electrocoagulation to the top of the reaction chamber by buoyancy; and
adjusting the voltage and amperage between the reaction plates by changing
elechicaI connections between selected ones of the reaction plates and the
constant line voltage. The foregoing discussed advantages along with others
will become apparent from a review of the description which follows in
conjunction with the corresponding Figures.   ~ 2 J~U~N 2002 i2 Brief
Description of the Drawings Figure 1 is a perspective view of an
electrocoagulation device-of this , invention, with a portion of the side
wall broken away, according to a first embodiment; ` 5 Figure 2 is a
fragmentary perspective view, similar to Figure 1, but further illustrating
the inside of the reaction chamber, and a removable top  cover; Figure 3 is
a top plan view of Figure 1 with all of the reaction plates removed except
for one plate, for clarity purposes; 10 Figure 4 is a block diagram of the
apparatus of this invention - illustrating major components according to a
generic embodiment; 



Figure 5 is a greatly reduced scale perspective view of a second embodiment
of the invention which may be used for high volume 1 S production in
industrial settings; Figure 6 is an exploded perspective view of a third
embodiment of the invention in the form of a portable or travel unit;
Figure 7 is a perspective view of reaction plates or blades which may be
removed and replaced as a single unit; 20 Figure 8 is a greatly enlarged
fragmentary plan view of a pair of reaction plates which are secured within
corresponding spacers within the reaction chamber; Figure 9 is a
fragmentary perspective view of a fourth embodiment of the invention which
utilizes a sealed enclosure or pressure vessel to 25 maintain a desired
pressure or vacuum within the reaction chamber; Figure 10 is a fragmentary
perspective view of a generic reaction chamber and one example of how
selected reaction plates may be   ;i . ~ 2 J U N 2002 13 connected to an
incoming rectified line voltage to produce a desired voltage and amperage
within the electrical field of the reaction chamber; and Figure 11 is
another fragmentary perspective view of a generic reaction chamber with
reaction plates which are connected to the incoming S line voltage in a
different configuration in order to provide a different voltage and
amperage within the electrical field of the reaction chamber. Detailed
Description of the invention Figure 1 illustrates an electrocoagulation
device 10 according to the first embodiment of the invention. This
particular embodiment is __ 10 representative of the type of device which
may be used for treatment of water in the home. The device 10 includes a
reaction chamber 12 defined by side walls I4. A waste collection base I6 is
connected to the chamber housing 12 by upper flange 18 of reaction chamber
12 and by a corresponding mating lower flange 20 of the base 16. Disposed
above the 15 reaction chamber 12 is a collection chamber or development
chamber 22. 



As shown, the collection chamber 22 is wider and deeper than the reaction
chamber 12, but is shorter in height. The collection chamber 22 is defined
by a plurality of side walls 24 and a bottom wall 36, as shown in Figure 3,
which attaches directly to side walls 14. A plurality of reaction plates or
20 blades 26 are disposed within the reaction chamber 12. As shown, the
reaction plates 26 extend vertically within the reaction chamber and are
placed side-by-side so that there are small gaps between opposing faces of
each of the plates. Selected reaction plates 26 may have integral plate
tabs 27 which extend above the side walls 24. Although Figure 1 shows each
of 25 the reaction plates 26 as having a corresponding plate tab, it will
be understood that only selected reaction plates are needed with
corresponding   ~ ^1 12 J U Id 2002 l 14 plate tabs 27, as further
discussed below. An inlet tube 28 allows the liquid stream to enter the
device 10 near the bottom thereof. An outlet tube-or pipe 32 is provided at
the upper portion of the device 10. As shown in Figure 3, the outlet tube
32 is secured to outlet opening 34 which is formed S in bottom wall 36.
Accordingly, the flow of liquid through the device is upward through the
gaps between the plates 26, over the upper edge 37 of side walls 14 and
into the collection chamber 22. The liquid stream then exits through outlet
tube 32. As the electrolytic process takes place, it may be necessary to
remove some solids or sludge which precipitate out of the 10 liquid stream
and which are not carried by the liquid stream out of the - reaction
chamber. Accordingly, base 16 includes a drain 38 to remove these materials
as well as to provide a means to drain the liquid in order to clean or
service the reaction chamber. The liquid stream entering the device through
inlet tube 28 may be evenly distributed between the reaction 15 plates 26
by a plurality of openings 29 which are disposed along the portion of the
tube 28 within the reaction chamber. As shown in Figure 2, an optional top
cover 42 may be provided to prevent direct access to the reaction chamber.
Depending upon the amperage within the reaction chamber, the top cover acts
as a safety device 20 to prevent someone from inadvertently making contact
with the reaction plates or the liquid stream. Additionally, a foam cover
40 in the form of a flat piece of Styrofoam or other appropriate material
may f rst be placed over the reaction plates with openings to allow the
plate tabs 27 to protrude therethrough. The top cover 42 may also have a
continuous opening or 25 plurality of slots 46 in order to allow the
reaction tabs to protrude therethrough. A foam extraction tube 44 is also
provided to allow the foam to be extracted from the device during
operation.   ., w ~ 2 J U N 2002 15 As best seen in Figures 2, 3 and 8, a
set of upper spacers 47 and a set of lower spacers 48 are provided as
guides for the proper positioning of the reaction plates 26. Figure 3
illustrates a11 of the blades/plates 26 being removed except for one plate
in order to better view the interior of the 5 reaction chamber. As seen in
Figure 8, spacers 47 and 48 are simply slotted guides which allow the ends
49 of the reaction plates to be secured therein. The spacers are made of a
non-conductive material. The slotted x, guides ensure that some gap G is
maintained between the plates. As shown in Figure 8, the plates are
substantially parallel to one another. 10 In the present invention, the
liquid pressure which is experienced by _ 



the reaction plates 26 is minimal in comparison to most prior art devices.
Since the device may be vented to the atmosphere, gases which are produced
in the electrolytic process do not add pressure to the liquid pressure
produced by the liquid stream. Such gases form as bubbles and 15 rise
within the liquid by buoyancy. The bubbles create foam which can be easily
removed. Therefore, the strength of the blades is not a significant
consideration and more pure metals may be used in the blades which may not
have high strength characteristics in comparison to alloys. Additionally,
since the reaction plates operate in a lower pressure 20 environment, their
Life is extended since the plates will not prematurely break apart due to
excessive pressure. As discussed above, since the blades may also be made
thinner, a greater number of plates may be used within a given volume.
Accordingly, the number of gaps between the blades is increased which in
turn increases the exposure area of the liquid stream to 2S electrolytic
treatment. In order to remove the reaction plates 26, they may simply be
lifted upward and out of the reaction chamber along spacers 47 and 48. The
,~ ~ ~., ~ 2 J.UN 2002 l 16 spacers 47 and 48 provide a simple means by
which the plates may be secured and replaced without excessive additional
hardware which otherwise could make replacement of the plates more
difficult. In order to better facilitate the dislodgement of air bubbles
which are 5 created during the electrolytic process, the reaction chamber
may be fitted with a device which emits a sonic or radio frequency. This
device (not  shown) could simply be attached to the side walls 14 and
communicating with the interior of the reaction chamber. ~'~ As shown in
Figure 4, a generic apparatus of this invention is ) 10 provided in block
diagram format to illustrate major components, and also  to. better
illustrate the method of the invention. The untreated liquid 51 may be
pumped by pump 53 into the inlet 28, or the untreated liquid may be added
directly to the reaction chamber 12 if already under pressure as is the
case with municipal water. The untreated liquid 51 may also be passed 15
through a prefilter 52 to remove solids. The liquid stream enters the
reaction chamber 12 and undergoes electrolytic treatment. A control unit 54
provides a rectified line voltage to the reaction plates by electrical
leads 56. Electrical leads 56 attach to selected plate tabs 27. The liquid
stream exits the outlet 32 and may be passed through a development chamber
60.  ZO A recycling line 58 can be used to reintroduce a desired portion of
the liquid stream for further treatment. In the case of the first
embodiment of Figures 1-3, the development chamber 60 is in the form of the
collection chamber 22 which allows foam produced by the rising gases to be
removed. In other embodiments, the development chamber 60 provides 25
additional opportunity for the liquid stream to be treated with additives
or other chemicals to condition the liquid for ultimate use. Secondary
separation means 62 may be placed downstream of the development   



r ~ 2 J U N 2002 17 chamber 60 in order to separate and filter out
contaminants or coagulated materials prior to use of the treated liquid
stream. Figure 5 illustrates a second preferred embodiment of the apparatus
of the invention. This embodiment operates under the same principles as S
the first embodiment, but simply illustrates an alternative arrangement
which is more suited for situations in which high volumes of treated
liquids are required in industrial settings. As shown, the
electrocoagulation-device 70 of this embodiment includes a raw or untreated
liquid tank 72 which receives a supply of liquid through inlet 73. A
reaction tank 74 and a 10 treated liquid tank 76 are arranged side-by-side
with the untreated liquid __ tank 72. A pump 80 forces the untreated liquid
through pump lines 82 .into the reaction tank 74. A foam cover 84 and a
safety top cover 86 are positioned over the reaction tank 74 as shown. A
safety switch 88 may be incorporated within the upper lip 89 of the
reaction tank 74 in order to warn 15 a user if the top cover is removed.
The safety switch 88 may be any industrial contact or limit switch which is
wired to the control unit 94. As shown, the control unit 94 is mounted to
the reaction tank 74 for easy access. Reaction plates 90 are placed within
the reaction tank 74 and, Iike the first embodiment, extend vertically
through the reaction tank and are 20 positioned in spaced apart relation.
There are an increased number of plates in this embodiment in comparison to
the first embodiment. Accordingly, this embodiment will require a higher
incoming line voltage such as 440 volts which is readily available in most
industrial settings. The first embodiment would normally operate at 110
volts incoming line 25 voltage which is the roost common incoming line
voltage for residential areas. Spacers like those used in the first
embodiment (spacers 47/48) can also be incorporated within this embodiment
to secure the plates. A   2 J U N 2002 18 plurality of reaction plate tabs
or extensions 92 extend above the foam cover 84. Electrical leads 96 extend
fxom the control unit 94 and attach to the reaction plate tabs or
extensions 92. As with the first embodiment, selected ones of the reaction
plates 90 may be provided with the reaction 5 plate extensions 92 in order
to create the desired amperage and voltage within the electrical field of
the reaction tank. A wier or spillway 98 allows the liquid stream to exit
the reaction tank 74. The foam cover allows-the c reaction plate extensions
92 to pass therethrougl~; but forces the foam and liquid stream to flow out
of the chamber over the spillway 98. The top 10 cover 86 will cover all of
the electrical connections for safety purposes. - The electrical leads 96
may connect to the respective reaction plate extensions by any well-known
means such as alligator clips or connecting terminals that are used on
industrial batteries. The open area between the foam cover 84 and the
spillway 98 allows the foam to be vacuumed off or 15 otherwise removed as
desired. The treated liquid accumulating within the treated liquid tank 76
may be stored or removed as needed In a third preferred embodiment of the
invention, a portable electrocoagulation device 1D0 is provided as shown in
Figure 6. This portable device 100 may be used in those circumstances in
which there is 



20 no potable water available and a small amount of water is needed for
drinking, cooking or other similar purposes. This embodiment differs from
the previous embodiments in that there is no liquid flaw through the
device, rather, treatment of a static and predetermined amount of liquid is
achieved. The device 100 includes a reaction chamber 102 which houses a
plurality 2 S of reaction plates 104 which extend vertically through the
reaction chamber and are spaced apart from one another. Selected reaction
plates 104 may include tabs 106. Spacers/dividers 107 axe provided to
maintain the   ~ 2 J U N 2002 19 reaction plates in their spaced apart
relation. Terminals 108 are attached to the tabs 106 for easy electrical
connection: - An accessory housing 110 is mounted to the reaction chamber.
The accessory housing 110 may include a voltage source, such as a battery
112. Electrical leads 113 interconnect S the battery 112 and the terminals
108 of the tabs 106. The accessory housing 110 may also be used to store
additional electrical cables or leads 114 which could be used to
interconnect a source or power to the device100, such as from a vehicle
battery. A top cov~i,116 having a sealing means 1 I 8 around the lower edge
thereof is used to cover the device 100. 10 After the liquid has been
treated, the liquid may be extracted through spout - 120. A filter 122 is
provided to filter out any solids or contaminants. As shown, the filter 122
may simply be attached to the inside surface of the top cover 1 l6. The top
cover 116 may be made of a flexible material, and the sealing means 118 may
be in the form of a Tupperware type seal to 15 prevent leakage of liquid.
In operation of the portable electrocoagulation device 100, the top cover
is removed, the liquid is simply added to the reaction chamber 102 and the
voltage is introduced to the reaction plates 104 by battery 112, or another
power source interconnected by cables 114. The electrolytic 20 process is
allowed to occur over a predetermined period of time based upon the type of
liquid being treated and the targeted contaminants to be removed. The
treated liquid is then accessed by opening spout i20. It is contemplated
that this particular embodiment would be capable of treating at least 9 oz
of water per batch. This embodiment preferably contains six 25 reaction
plates or blades which are removable. The filter I22 may be a 1624 micron
filter which is also removable for cleaning. This portable
electrocoagulation unit has effectively treated water from an outdoor   ~ 2
J U N 2002 20 stream to produce a pathogen free water. In one laboratory
test, total coliform, E. coli, and enterococcus were a11 reduced to
acceptable .IEVeIs (less than 10 most probable number (mpn)) wherein such
pathogens originally were found at 12,000, 120 and 83 mpn, respectively. In
addition 5 to the pathogens discussed above, it is well-known in the art
that electrocoagulation and filtration is also effective in the removal of
metal ions, suspended solids, pesticides, herbicides, and colloidal
particles. As shown in Figure 7, when it is necessx'ry to remove and
replace the blades/reaction plates in any one of the embodiments, either
individual ;3 10 blades or the entire set of blades used within the device
can be removed. If_ the entire set of blades is be removed, a plurality of
non-conductive rods 126 can be used to interconnect the reaction plates.
The non-conductive rods 126 could be sized to fit within the specific
reaction chamber used. These rods would serve not only to stabilize the
plates within the reaction 15 chamber, but also to keep the reaction plates
separated from one another the desired gap G. For illustration purposes,
the gap G between the respective reaction plates 26 has been increased in
order to better illustrate how the reaction plates can be secured to one
another through the rods 126. Use of non-conductive.rods 126 would
eliminate the need for use of 20 spacers 47/48. As also shown in Figure 7,
the orientation of the reaction plates can be configured such that plate
tabs 27 are positioned to allow easy connection to the electrical leads.
Placing the tabs in an alternating arrangement helps to prevent the leads
from becoming crossed or tangled. 



Yet another embodiment of the apparatus of this invention is shown 25 in
Figure 9. In this embodiment, the electrocoagulation device 130 can be
maintained in a pressurized or depressurized environment by a reaction
chamber housing 132 which is completely sealed from the environment.   .
~w` , ''~; ~ 2 J U N 2002 2I The reaction chamber housing 132 can be any
well-known type of pressure vessel which is able to withstand both pressure
and vacuum. ~ This particular embodiment is advantageous for use in those
situations in which the liquid stream is found in a pressurized state, such
as a municipal water 5 supply. Use of the reaction chamber housing 132
would therefore eliminate the need for a pump or some other means to force
the liquid stream through the device 130. The principle of operation for
this particular embodiment is the same as the first arid second embodiments
wherein a liquid stream passes through the device. A plurality of reaction
10 plates I34 extend vertically through the reaction chamber, and are in _
spaced apart relationship. A selected number of reaction plate tabs or
extensions 136 extend upwardly beyond those reaction plates 134 without
tabs. An inlet I38 communicates with the bottom portion of the reaction
chamber housing 132. A foam dome or chamber I40 is disposed above the 1 S
reaction chamber housing 132 in a sealed relationship therewith. A foam
extraction pipe 142 communicates with the upper end of the foam dome 140. A
liquid stream outlet 144 is attached to the foam dome 140 above the
reaction chamber 132 and below the foam extraction pipe 142. As the liquid
stream exits the reaction chamber through outlet 144, it may then be 20
passed through a venturi 146 in order to add a desired gas to the liquid
stream such as oxygen. A venturi feed line 148 allows the desired gas to
enter venturi 146. Accordingly, the downstream side of the venturi 146 at
pipe 149 contains a mixture of the treated liquid stream and the added gas
from feed line 148. The addition of oxygen or other gases may help in the
25 treatment of the liquid stream. In addition to a particular gas,
chemicals or other agents may be added to the liquid stream at this point
to further treat the liquid. A control unit 150 provides a rectified line
voltage to the   ~ 2 J U N 200 J 22 reaction plates by means of electrical
leads 152. Electrical leads 152 connect with sealed connections 154 which
are electrically coupled to their corresponding reaction plate tabs 136.
Although only a pair of reaction plate tabs 136 are illustrated, it shall
be understood that the amperage and S voltage within the reaction chamber
may be altered as with the previous embodiments by providing additional
sealed connections 154 in conjunction with corresponding selected reaction
plate tabs 136. These . sealed connections 154 make contact with leads I-52
externally of the reaction chamber housing 132. The electrocoagulation
device of Figure 9 10 may be followed downstream by a development chamber
and a three-phase __ centrifugal separator (not shown) or a back washing
filter (not shown). This type of treatment is ideal for a home, hot tub or
any application where liquid treatment is needed in a pressurized system.
Contaminants can be removed from the liquid stream and the cleaned liquid
can flow as needed 15 without disruption. A source of vacuum (not shown)
may be connected to foam pipe 142 to assist in removing foam which builds
up within foam dome 140. The foam created by the electrolytic process will
collapse, thus reducing its volume during extraction through pipe 142.
Application of such a vacuum 20 may also be used to assist in the removal
of contaminants from the liquid, before, during or after
electrocoagulation, or to enable a greater saturation of beneficial gases
in the liquid. For example, the liquid stream within the reaction chamber
could be saturated with a particular gas such as oxygen or carbon dioxide
which is provided by another inlet formed in the reaction 25 chamber (not
shown), or the gas could be added directly to the existing inlet. Use of
the vacuum to create a lower pressure environment would allow such gases to
more fully saturate the liquid stream as it passes   ~ 2 J U N 2002 23
through the coagulation chamber. The foam dome 140 may also serve as a
distillation tower allowing the separation of various components from the
liquid stream. 



Tn each of the embodiments, the shape of the blades is not critical. 5
Although the preferred embodiments illustrate the blades as having
rectangular shapes, it shall be understood that they can be modified to fit
the particular shape and size of the reaction chamber being used. The
bottom ends or portions of the blades may be ta~iered with respect to the
upper ends or upper portions. Tapering of the blades in this manner makes
10 the blades easier to remove and replace within a reaction chamber. Also,
__ while the blades of this invention are illustrated as being
substantially planar, it will be understood that the apparatus and method
of this invention do not require the blades to be of any particular shape.
The major concern with regard to the shape of the blades is that the blades
will allow the liquid 15 stream to move through the reaction chamber in
primarily an upward manner so that gases produced in the electrolytic
reactions can be removed from the liquid stream. Therefore, it is not the
intent to provide horizontal or cross flow through the reaction chamber by
the use of apertures or openings in the plate, as is the case with many
prior art devices. However, 20 it will be understood that openings or
apertures can be a feature of the blades of this invention which will not
create the horizontal or cross flow. For example, the plates could be
manufactured from a screen-like material wherein there are a number of
openings or holes along the length of the blade. Again, however, the
purpose of these holes or openings are not for 25 inducing horizontal flow,
but are rather for purposes of providing flexibility in the type of
material to be used as the blades. It is even contemplated within the scope
of this invention that a heap or pile of metallic material   ~ 2 ~ U N 202
t; .... 24 could be placed within the chamber and which would allow the
desired electrolytic reactions to take place without inducing undesirable
horizontal flow. In the preferred embodiments, the spacing of the blades
may be as 5 close as 1 /8". The closer the blades are together, the greater
the surface area made available for electrocoagulation to occur within a
given volume. However, the closer the blades are placed together, the more
difficult it becomes to force liquid through the gaps between the blades,
and the more likely that clogging could occur between the blades by
bridging of solid 10 particles or sludge. The thickness of the blades is
also a practical - consideration, the thinner the blades, the greater
surface area available for electrocoagulation treatment within a given
volume. if the blades are to thin, then their increased flexibility make
them harder to install. Also, if the liquid being treated requires the
addition of metal ions from the blades, 1 S then thicker blades are able to
sacrifice metal ions over a longer period of time before dissolving. As the
blades dissolve, they look similar to a window screen with irregular holes.
The electrocoagulation process continues as long as there is a surface for
the reaction to occur. With each of the embodiments of this invention, an
adequate thickness of the blade is 20 1/8". The blades can be made of
aluminum, iron, stainless steel, carbon or any conductive material. The
choice of blade material is based upon the liquid to be electrocoagulated,
the contaminants to be removed from the liquid stream, the material desired
to be left within the liquid stream, and the material to be precipitated
out as sludge. 25 In lieu of the insulated spacers 47/48 and 107,
non-conductive strips of material or washers may be placed between the
blades. These alternate type of spacers may be held in place by
non-conductive bolts or other non   ~ 2 J U N 2002 25 conductive hardware.
The gaps or spaces created between the blades do not necessarily have to be
exactly parallel or uniform. The electrocoagulation process is flexible,
and as Long as a surface area is provided for contact with the liquid
stream, then the electrocoagulation 



S process can occur. As a practical matter; however, it is desirable to
avoid choke points or comparatively narrow gaps to prevent undesirable
bridging of solid particles. In the first, second and fourth embodime~lts,
the electrically connected blades rise up past the liquid line and foam
discharge, and pass 10 through the foam cover and top cover to prevent foam
or liquid from reaching the plate tabs. In the third embodiment, the top
cover is removed during treatment, but the plate tabs are still maintained
above the liquid line to keep them dry. It is necessary to keep the tabs
dry so that corrosion does not occur. 15 In each of the embodiments,
the-electrocoagulation device of this invention may also allow a portion of
the liquid stream to bypass the electrical field between the blades without
sacrificing the ability of the device to effectively treat the liquid
stream. The liquid that does not pass through the electrical field will
still carry electrons because of the contact 20 with liquid that has passed
through the electrical field. For example, since the device of this
invention does not require precision cut blades and the blades are intended
to be removable from spacers 47 and 48, a small portion of the liquid
stream could bypass the electrical field by traveling through small gaps
between the blade ends 49 and the spacers. Therefore, 25 effective
treatment of the total volume of the liquid stream is still achieved as
mixing occurs naturally throughout the reaction chamber. Depending upon the
type of contaminants to be removed, some treatment devices may   ~ 2 J U N
2p02 .. 26 only require exposure of a small portion of the total liquid
within the electrical field, and then the treated and non-treated liquids
are mixed to effect a suitable treatment for the overall total volume of
liquid. ' Accordingly, as shown in Figure 4, the development chamber which
is 5 downstream of the reaction chamber may be used for purposes of further
mixing treated and non-treated portions of the liquid stream which are not
mixed during flow through the reaction chamber. ' -  S As briefly explained
above, the electrocoagulation chambers utilized in the various preferred
embodiments of this invention have the ability to 10 transform the incoming
rectified line voltage or power grid voltage to optimize the
electrocoagulation treatment. Traditionally, prior art coagulation devices
use a separate transformer to take the incoming Line voltage, then rectify
and transform the line voltage to a voltage or group of voltages at which
the reaction chamber can operate efficiently. In the 15 present invention,
power is obtained directly from the incoming line voltage or power grid, is
rectified through a common diode or rectifier within the control unit, and
is then transferred directly to the electrocoagulation chamber.
Transformers of the type needed to transform incoming line voltage to
usable voltages within a reaction chamber are 20 extremely expensive and,
therefore, add a major cost to the overall cost of manufacturing an
electrocoagulation device. Also, such transformers are extremely heavy
which makes transport and installation more difficult. When a traditional
transformer is used to lower the incoming line voltage to a level
acceptable for use in an electrocoagulation device, the amperage 25
necessary to treat the liquid stream must be transferred from the
transformer to the chamber at a lower voltage. Because electrical wires are
rated, or sized, based upon amperage specifically, and voltage generally,
~ 2 J U N 2002 27 the size and cost of a wire capable of safely conducting
low voltage and high amperage is much greater than wire used to move high
voltage and low amperage. That is why power companies move elecfiricity
through a power grid from a generation point at high voltages and low
amperages, S and then transform the power to low voltages and high
amperages near the point of use (i.e., the home or factory location).
Therefore, size and cost 



advantages can be obtained by conducting electricity at a higher voltage .
and lower amperage. ~'~ The potential between the incoming power or line
voltage and the 10 blades within the reaction chamber for each of the
embodiments can be __ transformed generally in accordance with the
following: 1. Voltage delivered to the chamber with power connections to
the first and last blade (Nos. 1 and 219, as described further below)
results in transformation of the incoming line voltage as follows: The
voltage 15 within the chamber will be the incoming line voltage divided by
the number of the gaps between the blades. The amperage draw in the chamber
will be the amperage coming from the incoming line voltage. 2. Voltage
delivered to the chamber with power connections to every blade, alternating
between positive and negative leads (Table 2 20 below) results in
transformation of the incoming line voltage as follows: The voltage within
the chamber will be the incoming line voltage and the amperage will be the
total amperage coming from the incoming line voltage divided by the number
of gaps between the blades. 3. The amount of amperage pulled from the
incoming line 25 voltage can be controlled by adjusting the surface area of
the electrically connected blades. There is a linear relationship between
the surface area and the amperage pulled; for example, amperage will be
doubled if the   r ~ 2 J U. N 2002 i 1 28 surface area of the electrically
connected blades in contact with the liquid is doubled. 4. The amperage and
voltage created within the chamber may be controlled by connecting the
incoming line voltage to the blades in any 5 combination as described above
in Nos. 1, 2, and 3. As shown in Table 1, this allows for a wide range of
amperage and voltage control between the blades. A set of practical
examples will now be described in terms of how the electrocoagulation
device of this invention may transform incoming 



10 line voltage to the amperage and voltage needed within the electrical
field. - Referring to Figures 10 and 11, and Table 1 below, a reaction
chamber 160 includes a plurality of reaction plates or blades. A control
unit 162 provides the incoming rectified Iine voltage by means of positive
lead 164 and negative Iead 166. There are a total of 219 blades within the
chamber 15 made of 1/8" aluminum strap, and spaced 1/8" apart. The blades
ofthis example could be approximately 6" wide and 48" long. Assuming that
the incoming line voltage is traditional three-phase 440 volts AC, a diode
or rectifier within the control unit 162 rectifies the line voltage of 440
volts AC to 560 volts DC (according to standard formulas for rectifiers
wherein 20 the rectified DC voltage equals the AC voltage multiplied by the
square root of 2 and minus 10% rectifier loss). The leads 164 and 166
attach to respective reaction plate tabs above the liquid line so that the
connections are made in a dry location. Using Ohm's law where voltage
equals amperage multiplied by resistance, and assuming the resistance is
equal to 25 the distance between the blades with voltage connections, the
following table can be generated:   r^) ~ 2 J U N 2002 29 TABLE 1
TRANSFORMING BY ATTACHING LEADS TO SELECf'ED BLADES   5 Example  No. Blade
With Positive  Lead Attached Blade With Negative  Lead AttachedAmperage
Between  BladesVoltage  Between  BladasIncoming  



Line  AmperageI#1#219102.6 (560I218)102#1 &219#11020S.i (560l109)403#1,
&146#73 & 219307.7 (560l72)904#I, t I0) 8c 2l9#55 & i6444I0.4 (560I54)l601
~5#t) 87) & 174#44) 131, & 2I9SO y~i 3.0 (560/43)2506#1, 73) l45) & 219#3G,
109, & l82GO16.0 (5G0135)3607#1, 62, 125) & 187#31, 93, 156, & 2197018.7
(560I30)4908#1, 55, I09, 164, 219#27, 82, 136,& l9180-2t.5 (560I26)640
Figure 10 illustrates the electrical connections between the control 15
unit and the reaction chamber according to example 3 of Table 1. As shown,
positive lead 164 is attached to blades 168 and 172, which correspond to
blade numbers 1 and 14S, respectively. The negative lead 166 is attached to
blades 170 and 174 which correspond to blade numbers 73 and 219. With this
connection configuration, the amperage between 20 each of the blades is 30
amps. The voltage between each of the blades is 7.7 volts (rectified DC
voltage of 560 volts divided by the number of gaps between pairs of blades
having power applied thereto which in this case is 72). In other words,
power is applied to blade numbers 1, 73, 145 and 219, which effectively
splits the chamber into three major areas denoted by 25 reference numbers
178, I80 and 182. Therefore, 219 divided by 3 separate areas equals 72 gaps
between pairs of electrically connected blades, and 560 divided by 72
equals 7.7. Also as shown in Table 1, the electrocoagulation chamber will
pull 90 amps from the incoming line voltage source.   l ~ 2 J1JN,2002 30
Figure 11 illustrates the connections corresponding to example 2 of Table
1, as shown, the positive lead I64 is attached to plates 168 and 174
corresponding to plate numbers 1 and 219, respectively. The negative lead
166 is attached to blade 176 corresponding to blade number 110. 5
Accordingly, the amperage between each of the blades is 20 amps, the
voltage between the blades is 5.1 volts (560 volts divided by 109). In
other words, the voltage between the blades is the supplied DC voltage
divided by the number of gaps between pairs of electrically connected
blades. As shown in Figure 1 I, placement of the electrical leads at blade
numbers I, ) 10 110 and 219 effectively splits the chamber into two major
areas shown as - areas 184 and 186. Also in this example, the
electrocoagulation chamber will pull 40 amps from the incoming line voltage
source. Table 1 shows eight different types of connections which can be
used to obtain different voltages and amperages within the reaction
chamber. It is apparent that 15 other voltages and amperages can be created
within the reaction chamber by developing other connection configurations.
Table 2 below illustrates the method by which prior art devices are
configured for providing an incoming line voltage source to a reaction
chamber. As shown, an electrical connection must be made with each of 20
the blades within the chamber. A separate transformer then is used to
provide differing incoming line voltages to the chamber. As shown, the
creation of 2.6 volts betweea each of the blades requires the chamber to
pull high levels of amperage from the incoming line voltage source. This
greater amperage pull requires much larger conductors to be used for 25
transferring power to the blades in comparison to the apparatus of this
invention. Additionally, such a prior art device is more complex and   ~ 2
J U N 2002 . -. 31 expensive to manufacture because of the great size and
number of electrical connections required. TABLE 1 PRIOR ART S TRANSFORMING
BY ATTACHING LEADS TO EACH BLADE 10 15  Example  



No. Blade With Positive  Lead Attached Blade With Negative  Lead
AttachedAmperage  Between  BladesVoltage  Between  BladesIncoming  Line
AmperageIOdd numberedEven numbered10 ~:2.62,! 802Odd numberedEven
numberod205.14,3603Odd numberedEven numbered ~307.76,5404Odd numberedEven
numbered4010.48,7205Odd numberedEven numberedSOl3.010,9006Odd numberedEven
numbered60I6.0l3,0807Odd numberedEven numbe~td7018.715,2608Odd numbered -
~Even numbered ~80~ 2l.5r i 7,440 It is also contemplated that the device
of this invention can be used within hazardous areas. The electrical
connections between the control unit and the reaction chamber could be
insulated in order to conform to standards for explosion-proof devices. For
example, the electrical 20 connections at the blades could be insulated to
include an insulated coating placed over the electrically connected blades
to a level just below the liquid line within the reaction chamber. With the
eleetrocoagulation device of this invention, the power supplied to the
control unit is set by the incoming line voltage, and the 2S amperage draw
is controlled within the electrocoagulation chamber. The amperage within
the electrically connected reaction chamber can be controlled by ( 1 )
adjusting the surface area of the electrically connected reaction plates or
blades in contact with the liquid stream; (2) adjusting the distance
between the electrically connected blades; (3) the addition of non   ~ 2 J
U N 2002 .; ~~, . . 32 conductive insulating blades; and (4) adjusting the
conductivity of the liquid by adding chemicals which either enhance or
degrade the ability of the liquid to transfer electrons. Amperage can be
also be controlled by providing a switch between the incoming line voltage
and the reaction 



5 chamber which cycles the power "on" and "off." As a further discussion of
( 1 ) above, the amperage draw can be controlled inside the reaction
chamber by adjusting the liquid contact x length of the electrically
connected blades. Using Table 1, Example 1, a blade 6" wide and 48" long
draws 10 amps with a specific liquid. The ) 10 amperage draw of the
reaction chamber could be reduced by shortening - blade No. 1 or blade No.
219. The amperage draw would be reduced to 7.5 amps if blade No. 1's length
was reduced to 36". The amperage draw would be reduced to 5 amps if blade
No. 1's length was reduced to 24". Therefore, there is a linear
relationship between the amperage draw and the 15 liquid contact length of
the electrically connected blades. The amperage draw can be controlled in
the same way by placing a non-conductive blade between electrically
connected blades. There is no particular requirement in terms of the
placement of such a non-conductive blade; only that it be placed between
designated electrically connected blades. The non 20 conductive blade will
reduce the conductivity between the plurality of blades in the reaction
chamber in the same proportion as removing an electrically connected blade
from contact with the liquid. For example, the amperage draw in the above
example would be reduced to 7.5 amps if a non-conductive blade of 12" in
length were placed in contact with the 25 liquid in the reaction chamber
between blades Nos. 1 and 219. The amperage draw would be reduced to 5 amps
if a non-conductive blade 24" long were placed between blade Nos. 1 and
2I9, and amperage draw would   -~^~v ~ 2 J U N 2002 33 be reduced to 2.5
amps if a non-conductive blade 36" were placed between blade Nos. 1 and
219. The lengths of the electrically connected or nonconductive blades can
be adjusted in the liquid manually, or mechanically. For example, the
interior surface of the electrocoagulation chamber 5 housing could be
provided with a plurality of vertically adjustable flanges which can be
selectively placed at different levels within the reaction chamber and
aligned with a particular electrically connected blade. The blade could be
secured to these vertically adjustable flanges to ei~ectively increase or
reduce the surface area of the electrically connected blade in 10 contact
with the liquid. In the first, second and fourth embodiments, the flow of
the liquid stream through the chamber could be increased or decreased to
further control the amperage within the reaction chamber. Generally,
increased flow of liquid through the chamber will result in an amperage
decrease 15 because metal ions from the blades will be removed more quickly
thereby decreasing the conductivity of the liquid. As discussed above, the
control unit may be equipped with an ammeter to monitor amperage within the
chamber. The control unit can then control an increase or decrease in the
flow rate of the liquid stream through the device by controlling a valve or
20 variable speed pump upstream of the inlet. In each of the embodiments,
the blades over time may be coated with a non-conductive coating or scale.
The coating can be removed from the blades by reversing the polarity of the
DC power to the electrically connected blades. Accordingly, this invention
contemplates switching the 



25 polarity of the DC voltage provided to the blades by the control unit
according to a timed sequence or based on increased amperage which
indicates lower conductivity due to the scaling.   .-, ~ 2 J U N 2002 ,, ~
. . 34 In order to obtain the varying amperages and voltages in Table 1,
only nine blades are required to have plate tabs. Since the blades
are=easily removable, the blades or plates having tabs can be moved to the
desired locations within the reaction chamber. The foam cover that slips
over the 5 top of the blades through slots cut in the cover will expand
allowing the blade to pass through. When a blade is removed, the foam cover
will - expand to form a water tight seal at the slot.  For the first,
second and fourth embodiments, although a top cover is recommended for
safety purposes, the devices will operate without a top ) 10 cover as long
as the connections of the electrical leads occur above the - liquid line,
thus eliminating typical corrosion problems associated with wet electrode
connections. In accordance with the method of this invention, treatment of
a liquid stream may be achieved by exposing a liquid flow to an electrical
15 field. The flow of the liquid is an upward direction which allows for
gases which are produced in the electrolytic reactions to rise to the
surface of the liquid line and escape to the atmosphere. The bulk of the
coagulated particles are carried to secondary separation and any remaining
particles fall by the force of gravity to the Lower portion or base of the
chamber for 20 subsequent removal. The amperage and voltage of the
electrical field within the eiectrocoagulation chamber may be varied by
connecting the electrical leads to selected plates. Prior to entering the
chamber, the liquid stream may be filtered, or appropriate chemicals may be
added to enhance reactions within the chamber. As necessary, a pump may be
used to force 25 the liquid upwardly through the reaction chamber.
Alternatively, the electrolytic reaction may take place in a sealed
enclosure such as a pressure vessel which may eliminate the need for a pump
if the liquid stream is   ~ 2 J U N 2002 35 



already under pressure. The use of a pressure vessel also allows the
electrolytic reaction to take place in a vacuum environment.wherein a
source of vacuum is applied to the chamber. After the liquid stream is
exposed to the electrical field and the electrolytic reactions take place,
the S liquid stream may be further treated in a development chamber and may
undergo secondary separation. The turbulence of the liquid stream may be
increased prior to entering the chamber in order to enhance the
electrolytic reactions. Also as necessary, a recycle line can'be provided
to recycle the treated liquid stream in order to provide further treatment.
10 By the foregoing, the advantages of the apparatus and method of this
invention should be apparent. The electrocoagulation chamber has the
ability to transform incoming line or grid voltage to the voltage and
amperage necessary to optimize electrocoagulation treatment. Since the
chamber is of simplified construction, the liquid stream does not pass 1 S
through a torturous and winding path which therefore eliminates much of the
liquid pressure. Since the Liquid stream travels in an upward path through
the chamber, gas which is formed in the electrolytic reactions may form as
bubbles and rise to the top of the liquid level for easy removal.
Additionally, the bubbling action of the gases in the same direction as the
20 liquid flow prevents gas buildup within the chamber which further
reduces pressures induced on the blades. The blades of the apparatus are
easily removed by the use of spacers which simply align the blades with
respect to one another in a vertical and side-by-side fashion. If desired,
the chamber can be placed in a sealed enclosure such as a common pressure
25 vessel which eliminates the need for a pump if the liquid stream
supplied is already under pressure. The apparatus of this invention may be
configured in a portable or travel unit which makes it feasible for use in
austere   ~ ,, ~~ ~ 2 J U N . 2002 . 36 conditions. Alternatively, the
apparatus of this invention may be made on a much larger scale which makes
it feasible for use in an industrial setting . where greater volumes of
treated liquid are required. The blades can be removed individually, or can
be removed as an entire set which adds to the ' 5 versatility of the
apparatus. This invention has been described in detail with reference to .
particular embodiments thereof, bnt it will be understood that various
other c modifications can be effected within the spirit aiid scope of this
invention. r   12 J U N 2002 37 CLAIMS Iu the Claims: 1. An
electrocoagulation treatment device for treatment of a flow of liquid
compiising: a housing (12; 74, 132) including inner surfaces defining a -
reaction chamber, said housing having an upper end and a lower end; 5 an
inlet (28, 82, 138) communica~.g with said housing at 



said lower end to allow the flow~of liquid into said housing, an outlet
(37, 98, 144) communicating with said housing at said upper end to allow
the flow of liquid out of said housing; a plurality of reaction plates (26,
90, 134) disposed in said I O . housing and extending substantially
vertically therein, said plurality of reaction plates being spaced apart
from one another creating gaps between adjacent reaction plates, said flow
of liquid being in a flow direction upward through said gaps between said
plurality of reaction plates, said reaction plates having rion-insulated
surfaces for dir~et contact with said 1 S flow of liquid and to be consumed
over time due totlectrocoagulatioa; at Ieast two reaction plate tabs (27,
92, I36) integral-with a1cted ones of eaid plurality of reactioA-plat:es;
-arid 20 a control unit (54, 94, I50) electrically connected to said at
least two reaction plate tabs, said control unit providing a line voltage
to said tabs in order to create an electrical field for electrocoagulation
treatment within said reaction chamber. 2. A device, as claimed in claim 1,
further including:   ~ 2 J U N 2002 38 a foam cover (40, 84) placed over
said plurality of reaction plates, said at least two reaction plate tabs
extending through said foam cover for connection to said control unit above
said foam cover. 3. A device, as claimed in claim I, further including: a
top cover (42, 86) placed over said housing to prevent the electrical
connection between said control unit anti said at least two tabs from being
accessed inadvertently. 4. A device, as claimed in claim 1, wherein: - said
housing further includes an open upper ead, and said treatment device
further includes a collection chamber (22, 76) connected to said housing to
provide storage for the flow of liquid through said open 5 end 5. A device,
as claimed in claim 1, further including: a drain (38) attached to said
housing at said lower end thereof to allow the removal of sludge or other
particulate matter which may build up within the reaction ch~inber during
treatment of the liquid. 6. A device, as claimed in claim 3, further
including: a foam extraction tube (44, 142) communicating with said top
cover; and a source of vacuum communicating with said foatri extraction 



5 tube to remove foam which is produced during treatment. 7. A device, as
claimed in claim I, further including: AM!=LADED SHEET ~ ~:.~~' :".'u r~-;
.i ~- :::J::   ~ 2 J U N 2002 39 means for spacing (47I48, 126) said
plurality of reaction plates apart from one another when secured within
said housing. 8. An apparatus, as claimed in claim 7, wherein: said means
for spacing includes at least one pair of spacers (47/48) attached to
opposing inner surfaces of said housing. 9. A device, as claimed in claim
7, wherein: said means for spacing includes a plurality of non-conductive
rods ( 126) interconnecting said plurality of reaction plates. - 10. A
device, as claimed in claim 1, further including: a spillway (98)
communicating with said outlet along the upper end of said reaction tank;
an untreated liquid tank (72) communicating with said inlet to 5 provide
the flow of liquid into said reaction tank; and a treated liquid tank (76)
communicating with said spillway to receive the flow of treated liquid from
said reaction tank. VI 11. A portable electrocoagulation treatment device
for treatment of a static amount of liquid with said device, said device
comprising: a treatment housing defining a reaction chamber (102); a
plurality of reaction plates ( 104} disposed in said treatment 5 housing
and extending substantially vertically therein; said plurality of reaction
plates being spaced apart from one another creating gaps between adj acent
reaction plates, said reaction plates having non-insulated surfaces . ,:_:
~t`JI~NDI=D SHED _..,   



12 J U N Z002 40 for direct contact with said flow of liquid and to be
consumed over tine due to electrocoagulation; 10 at least two reaction
plate tabs (106) integral with selected ones of said plurality of reaction
plates, said reaction plate tabs extending above a liquid line to prevent
said reaction plate tabs from being immersed in the liquid; a top cover
(116) removably connected to said treatment 15 housing, said top cover
including means for sealing said top cover with respect to said treatment
housing to prevent leakage; -  a spout (120) communicating with said top
cover allowing - the liquid within said reaction chamber to be removed
after treatment; and a power source (112) electrically connected to said at
least 20 two reaction plate tabs in order to create an electrical field for
electrocoagulation treahnent within said reaction chamber. 12. A device, as
claimed in claim 11, further including: a filter (122) attached to said top
cover for filtering liquid prior to entering said spout. :, 13. A device,
as claimed in claim 11, further including: an accessory housing (110)
attached to said treatment housing for housing said power source therein.
14. A method of treatment of a liquid containing impurities-by
electrocoagulation comprising the steps of-. providing a reaction chamber;
~i`~'1~.~~~~~ 5~~~'~   12 J U N 2002 _ ___ .. .. 41 arranging a plurality
of reaction plates within said reaction .5 chamber, the plates being
vertically disposed therein and spaced apart &~om one another creating gaps
between adjacent reaction plates; applying a constant line voltage to
selected ones of the plurality of reaction plates to create an electrical
field within the reaction chamber, 10 passing a liquid stream vertically
thr~ugh the reaction .;chamber in the gaps between the reaction plates;
conducting electrocoagulation of the liquid stream to cause the reaction
plates to give up ions whereby the reaction plates are consumed over time
and which cause impurities to coagulate; 15 venting gases created by
electrocoagulation to the top of the reaction chamber by buoyancy; and 



adjusting the voltage and amperage between the reaction plates by changing
electrical connections between selected ones of the reaction plates and the
constant line voltage. 15. A method, as claimed in claim 14, further
including the step of-. ,f applying a vacuum to the reacfiioa chamber to
remove foam which is created in the electrocoagulation of the liquid, or
volatilized S compounds from the liquid stream. 16. A method, as claimed in
claim 14, further including the step of-. filtering the liquid stream prior
to said passing step. 1 AME~fDED Sl-IEET '.-: ... . ~. '-~_ ~::~ - _'=   ~
2 J U N 2o02 42 17. A method, as claimed in claim 14, further including the
step of. filtering the liquid stream after said passing step. 18. A method,
as claimed in claim 14, further including-the step of pumping the liquid
stream through the reaction chamber. .; 19. A method, as claimed in claim
I4, further including the step of-. isolating the reaction chamber from
atmospheric pressure to maintain a desired pressure within the chamber. 20.
A method, as claimed in claim 14, further including the step of introducing
an additive to the liquid in order to enhance electrocoagulation. 21. A
method, claimed is claim 14, further including the step of-. removing spent
reaction plates and replacing the spent reaction plates with new reaction
plates. 22. A method, as claimed in claim 14, further including the step of
introducing an additive to the liquid stream by a venturi. ~MEt~IDI=D
~1-s~cT ., . . _". ..., ,., r -1 i1.::. :, :.'-~.:_   



~ 2 J U N 2~n~ 43 23. A method, as claimed in claim 14, further comprising
the steps of-. receiving a constant AC line voltage; rectifying the AC line
voltage to a DC voltage; 5 attaching electrical leads carrying the
rectified DC voltage to a first group of the reaction plates; creating the
electrical field between the first group of plates, the electrical field
being of a first voltage and a first amperage; and reattaching the
electrical leads carrying the rectified DC 10 voltage to a second group of
plates to create the electrical field within the reaction chamber wherein
the electrical field is of a second voltage and a second amperage different
from said first voltage and said first amperage. 24. A method, as claimed
in claim 23, further including the step of-. placing a non-conductive plate
between the reaction plates to adjust the voltages and amperages of the
electrical field. 25. A method, ~ claimed in claim Z3, further including
the step of. adjusting the voltage and amperage of the electrical field by
varying the surface area of the reaction plates in contact with the liquid
5 within the electrocoagulation chamber. 26. A method, as claimed in claim
14, further including the step of ~tvlElrii7i=~ ~~~1='a~ 1~I1: ~~ ::'::L
~'-:i!- =~:a.'   '12 J U N 2002 44 moving the liquid stream to a downstream
secondary separation chamber allowing the impurities to fall out of the
liquid stream 5 for collection and separation from the liquid stream. 27. A
method, as claimed in claim 14, further including the step of-. 



preventing impurities from adherin~ to the reaction plates by reversing the
polarity of electrically connected reaction plates.
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