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(57) ABSTRACT 

An electrocoagulation reactor is provided for treating waste 
water and removing contaminants therefrom. The reactor is 
typically a six sided rectangular water tight housing which 
has an inlet pipe and an outlet pipe. There are a multiplicity 
of charged plates located parallel to one another within the 
housing. Adjacent plates are typically oppositely charged 
and water will pass between the plates as it flows through the 
reactor. The electric field between the plates will help 
encourage coagulation of waste matter which then may be 
removed from the waste water downstream of the electro 
coagulation reactor. 
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ELECTROCOAGULATION REACTOR 

FIELD OF THE INVENTION 

0001 Electrocoagulation reactors, more specifically, a 
electrocoagulation reactor with the plates in parallel to the 
flow of the water. 

BACKGROUND OF THE INVENTION 

0002 Wastewater, such as wastewater from factories or 
manufacturing plants, must be treated for contaminants 
before it is discharged into the environment. Water for use 
in industrial or other manufacturing process often requires 
treatment before use to alter its chemical or physical char 
acteristics. Electrocoagulation is an electro chemical proceSS 
that Simultaneously removes heavy metals, Suspended Sol 
ids, organic and other contaminates from water using elec 
tricity instead of expensive chemical reagents. Electroco 
agulation was first used to treat bilge water from ships. The 
Electrocoagulation process passes contaminated water 
between metal plates charged with direct current. While the 
term “wastewater' is often used herein, the term is to be 
understood to mean any water from which one may wish to 
remove a “contaminant even though the contaminant may 
not necessarily be a material that would be harmful to ones 
health. 

0003) Additional background in the specifications regard 
ing electrocoagulations may be found in U.S. Pat. No. 
5,928,493, the specifications or drawings of which are 
incorporated herein by reference. 
0004. Applicant's provide, in the invention disclosed 
herein, an unpreSSurized electrocoagulation reactor, with 
plates in parallel to the flow of the water, which reactor has 
the capability of treating a higher flow of wastewater than 
has heretofore been available. 

SUMMARY OF THE INVENTION 

0005. Applicants provide for these and other objectives in 
a parallel flow reactor comprised of one or more reactor 
cells. Each cell typically includes a tank containing a car 
tridge, the cartridge having a frame with a multiplicity of 
aligned plates therein. Water flows through the tank, typi 
cally up from the bottom of the cartridge-held plates over a 
top wall of the cartridge in “water fall' (cascading) fashion 
and out the tank for further processing or use. Applicant 
provides an electrocoagulation cell with an open top, one 
that is unpreSSurized and obtains, at least in part, the flow of 
water under the impetus of gravity. 
0006. Applicants provide for these and other objectives in 
an electrocoagulation reactor comprising, in a preferred 
embodiment, two electrocoagulation cells placed “in Series.” 
By “in Series' applicant means that a molecule of wastewa 
ter will flow between two adjacent plate in the first cell of a 
reactor, out of the first cell of the reactor and between a 
Second pair of plates in the Second cell of the electrocoagul 
lation reactor. Applicants provide, in a preferred embodi 
ment of a two-cell electrocoagulation reactor, cells which 
are Set in Series. This is to be compared with the arrangement 
in a "series flow reactor in which a Single molecule of water 
would follow a Serpentine path and pass between a multi 
plicity of plate pairs within a single cell. 
0007. Applicants provide for these and other objectives in 
a parallel flow, open top electrocoagulation reactor having 
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one of more cells in Series, wherein each cell typically 
contains a cartridge capable of being lifted out of the tank of 
the cell. In other words, applicants provide for a “cartridge' 
which is capable of receiving plates therein, and then 
dropped into, from the open top, the tank of a electrocoagul 
lation cell, and, when the plates need replacement, the 
cartridge may be lifted out of the electrocoagulation tank So 
that the used up plates may be changed out with new plates 
at a point removed from the electrocoagulation tank. This 
and other advantages of applicant's cartridge will be appar 
ent with reference to specifications and drawings contained 
herein. 

0008. Applicants' unique cartridge also provides for the 
ability to accept plates of differing dimensions. So, for 
example, a Single cartridge may either receive plates with a 
given height, or, if the user requires less treatment capacity, 
to receive plates of a shorter or greater height. Thus, a user 
may, instead of using a reactor with a different Size tank, 
Simply use the same tank and Same cartridge, but use, if the 
conditions require, plates with less or greater Surface area. 
0009. Applicants provide for efficient treatment of waste 
water in a parallel flow, open top, cartridge-receiving elec 
trocoagulation cell in which there are a multiplicity of plates, 
at least Some of the plates being alternately charged positive 
and negative, Sometimes with an “intermediate' or 
uncharged plate (or plates) between adjacent positive and 
negative plates. 

0010 Applicants provide for these and other advantages 
and objects in an electrocoagulation reactor consisting of 
electrocoagulation cells in which, beneath the plate bearing 
cartridges and in fluid communication there with is a Solids 
Sump with a drain attached thereto for removing from a tank 
of the electrocoagulation cell, waste Sediment that has 
resulted from the electrocoagulation of waste particles and 
for removal of the collected sediment from a drain therein. 

0011 Applicants provide for these and other advantages 
and objectives, in an electrocoagulation reactor System com 
prising a unique Stand for cooperatively engaging the tank 
and cartridge of the electrocoagulation cell to provide direct 
weight-bearing Support of the plates in the cartridge of the 
electrocoagulation cell. 
0012 Applicants additionally provide a plate for use with 
any type of electrocoagulation reactor System, which plate 
contains cutouts in the walls there through, the cutouts for 
more effective treatment of wastewater passing adjacent the 
plate. 
0013 Applicants additionally provide, for use with any 
reactor, a recirculation pump and recirculation loop. The 
recirculation pump and loop takes Some, but not all, of the 
water flowing out of a reactor and recirculates it through the 
reactor by, typically, routing it upstream of the intake of the 
reactor. This allows the user to maintain a greater flow of 
fluid through the reactor than the net flow of water treated. 
0014) Applicants also provide for a novel dissolved air 
floatation cell for the treatment of wastewater using an 
electrocoagulation reactor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 illustrates an isometric view of a single 
parallel flow cell. 
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0016 FIG. 1A is a side elevational view of a pair of 
parallel flow reactor cells in Series. 
0017 FIG. 1B is a partial elevational view of a multi 
plicity of parallel plates for use in Applicants' novel elec 
trocoagulation reactor. 
0018 FIGS. 1C and 1D are partial side elevational 
ViewS illustrating the manner in which Applicants cartridge 
may be modified to contain plates of different heights. 
0019 FIG. 1E is a partial isometric view of a device and 
method for raising the height of the Weir of Applicants 
electrocoagulation cell by attaching a riser thereto. 
0020 FIG. 1F illustrates a device for maintaining sepa 
ration between the wall of the tank and the wall of the 
cartridge, in partial view, cutaway isometric. 
0021 FIG. 2 illustrates a side elevational view of a 
parallel flow electrocoagulation reactor. 
0022 FIG. 3 illustrates a front view of the electrocoagul 
lation cell illustrating a pair of drains 12H to remove liquids 
therefrom. 

0023 FIG. 4 illustrates an isometric view of two parallel 
reactor cells in a single tank. 
0024 FIG. 5 is a front elevational view of a single 
reactor tank having a pair of cartridges therein and a 
multiplicity of circulation drains and inlets. 
0025 FIG. 6 is a rear view of the illustration set forth in 
FIG. 5 above. 

0026 FIGS. 7A-E are various view of a stand for use 
with Applicants electrocoagulation reactor. 

0027 FIGS. 8A and 8B are isometric views of different 
embodiments of plates for use in Applicants electrocoagul 
lation reactor. 

0028 FIGS. 9 and 10 are block diagrams of Applicants’ 
novel recirculation pump and recirculation loop for use with 
a WasteWater reactOr. 

0029 FIGS. 11A and 11B are side and bottom eleva 
tional views of a dissolved air floatation cell for use with 
Applicants electrocoagulation reactor. 

0030 FIGS. 12A and 12B are alternate preferred 
embodiments of a dissolved air floatation cell for use with 
Applicants waste treatment process. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

0.031 Turning to FIG. 1 it is seen that applicant provides 
an electrocoagulation reactor 11 which may be comprised of 
a single electrocoagulation cell 10 or two or more electro 
coagulation cells 10 and 10A placed in series, see FIG. 1A. 
0032. Attention will be first directed to FIG. 1 to explain 
the Structure and function of an electrocoagulation cell 10. 
Once this is understood, it will be seen that the structure and 
function of electrocoagulation cell 10 is nearly identical to 
second cell 10A (See FIG. 1A). Turning back to FIG. 1, it 
is Seen that first electrocoagulation cell 10 is comprised of a 
typically open topped cell tank 12 and a first cartridge 14 
resting inside the tank 12 in wastewater W.W. Tank 12 is 
typically watertight and may be rectangular, or any other 
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shape and typically includes an open top 12Q. In any case, 
cell tank 12 is typically unpreSSurized and may be made of 
fiberglass, Steel or plastic, or in fact any other Suitable 
material which would provide watertight Sealing and would 
not react with the wastewater. Cell tank 12 is seen to have, 
in the preferred embodiment illustrated in FIG. 1, four 
sidewalls, 12A, 12B, 12C and 12D set perpendicular to one 
another So as to provide the rectangular structure illustrated 
as cartridge receiving portion 12I of the tank 12. Depending 
below cartridge receiving portion 12I and integral there with 
and in fluid communication with cartridge receiving portion 
receiving 12I is Sump portion 12J of tank 12. It is seen with 
reference to FIG. 1 that cartridge receiving portion 12I has 
an open bottom 12R. It is also seen that cartridge receiving 
portion 12I of cell tank 12 includes a rectangular cartridge 
Support ledge 12F and a cartridge Support and drain ledge 
12.G. The four ledges directed inboard along the perimeter of 
the Sidewalls act as a base to hold the cartridge 14 along the 
lower edges, So water may enter the cartridge from below. 
The function of the ledges is to Support the lower perimeter 
of the first cartridge 14 as it rests in cartridge receiving 
portion 12I. Additional features of cell tank 12 include an 
upper perimeter 12E defined by the upper edges of Sidewalls 
12A, 12B, 12C and 12D. Depending below cartridge Support 
and drain ledge 12G are one or more drains 12H which will 
accept wastewater from a transfer chamber 13 (see FIG. 
1A). The transfer chamber 13 is the space between a front 
wall 14B of the cartridge 14 and sidewall 12A of the cell 
tank 12. 

0033 Turning now to Sump portion 12J it is seen that this 
portion of cell tank 12 is located below open bottom 12R of 
cartridge receiving portion 12I So as to collect waste Solids 
and Suspended materials Settling out from between plates 20 
of first cartridge 14 (see FIG. 1A), at the bottom thereof for 
removal through a Sump drain 12P Sump portion 12J 
typically includes one or more canted or slopped Sidewalls 
here showing four sidewalls designated 12K, 12L, 12M and 
12N SO as to funnel, under the impetus of gravity, Settling 
solids to Sump drain 12P for removal therefrom. 
0034. It is seen that first cartridge 14 is typically not 
mechanically fastened to cartridge receiving portion 12I or 
any other portion of cell tank 12, but merely rests along a 
portion of the bottom of cartridge receiving portion 12I here 
resting along the edges below rear wall 14A and front wall 
14D on cartridge Support ledge 12F and cartridge Support 
and drain ledge 12G, respectively and on ledges below the 
Sidewalls of the cartridge. First cartridge 14 is typically 
rectangular shaped and dimensioned for the receipt within 
cartridge receiving portion 12I of cell tank 12 So as to allow 
water coming in through inlet 13M to circulate up through 
a pair of adjacent plates 20 and to cascade over the Weir 14J 
(or top lip) of front wall 14B into the transfer chamber 13 
(See FIG. 1A). In other words, a close examination of first 
cartridge 14D as set forth in FIG. 1 will reveal that rear wall 
14A and the two end walls 14C and D are the same height 
but that front wall 14B comprises an upper perimeter or lip 
defining a weir 14J that is lower. 
0035) Moreover, both rear wall of 14A and front wall 14B 
have vertical slots 14E on their inner faces for the accep 
tance of plates 20 in “slotting fashion.” Plates 20 are held 
along a pair of removed vertical edges and Suspended 
between the front wall 14B and the rear wall 14A with the 
entire cartridge having an open top 14H and an open bottom 
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14I for water to pass up through the plates 20 as illustrated 
in FIG. 1A. It is seen that first cartridge 14 also includes 
handling Straps 14G which may contain a hole at the 
removed ends thereof. The straps may extend down the 
vertical sides of the cartridge 14 and beneath the walls to 
support them from below, and above the walls of the 
cartridge 14 to engage one or more of hooks (not shown) to 
provide a mechanical assist to lift the entire cartridge 14, 
with the plates 20 therein, out of the open top 14H of the 
tank 12 for replacement of the used up plates of the cartridge 
14, “offline.” Following plate 20 replacement, the cartridge 
14 is reinserted into the tank. 

0.036 The function of first cartridge 14 is to provide 
Structure to define and maintain a passageway for water 
entering through one or more inlet 313M Such that the water 
will pass through a Space between a pair of a multiplicity of 
pairs of plates 20 maintained between the front and rear 
walls of the cartridge 14, in Such a manner that the water 
spills over weir 14J into transfer chamber 13 for leaving cell 
tank 12 through drain 12H. As the wastewater proceeds 
between the pair of oppositely charged plates 20 and any 
intermediate plates therebetween it will be subject to an 
electric field which will promote electrocoagulation pro 
ceSSes known in the prior art. 
0037 FIG. 1A illustrates that a preferred alternate 
embodiment of applicants present invention uses a Second 
electrocoagulation cell 10A placed in series with the first 
electrocoagulation cell 10, the combination being referred to 
as electrocoagulation reactor 11. That is, it is seen that FIG. 
1A illustrates raw water WW (untreated water) entering 
through inlet 13M and passing between the plates of first 
cartridge 14 and then passing over Weir 14J and out drain 
12H. It is seen that the water then passes into inlet 16M of 
Second tank 16. It is seen that second cell tank 16 includes 
a second cartridge 18 which is substantially identical to first 
cartridge 14 in all material components thereof and its 
function. Water overflowing second weir 16J into transfer 
chamber 13A will exit the electrocoagulation reactor 11 
through drain 16H (assuming this is only a two-cell reactor). 
It is found that providing two cells in Series, the Second cell 
either being lower or having a weir lower than the first cell 
10 allows water to flow through the cells under the impetus 
of gravity (no pump necessary). Further, the use of a pair or 
more of Series engaged cells has proven to be effective in 
removing contaminants from the water. While each of the 
two cells illustrated in FIG. 1A includes its own separate 
tank 12 and 16, respectively, it is possible to Set up a single 
large tank for two individual cells, each cell being defined by 
its own cartridge and, further defined, by the passageway of 
a single water molecule through a single pair of plates in the 
first cartridge, and then passing through a single pair of 
adjacent plates in the Second cartridge and then out the cell 
or tank. Applicants may provide a reactor containing two or 
more cartridges Set up in Series, each cartridge with its own 
tank as illustrated in FIG. 1A. 

0038 FIG. 1B illustrates a top elevational view of a 
portion of the Sidewall and end wall of a cartridge and the 
manner in which positively and negatively charged plates 
may carry an intermediate or uncharged plate therebetween 
to assist in the effectiveness of the electrocoagulation pro 
cess. That is, FIG. 1B illustrates a multiplicity of parallel 
plates including a positively charged plate 20A, intermediate 
(neutral or uncharged) ungrounded plate 20B and a nega 
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tively charged plate 20O. These plates are attached to a 
rectifier and the Voltage therebetween may be adjustably Set, 
typically to between Zero and up to 50 volts DC. 

0039. In a preferred alternate embodiment there may be 
more than one immediate or neutral plate between adjacent 
positively or negatively charged plates or, there may be no 
neutral plates at all between adjacent negatively and posi 
tively charged plates. However, it is seen that whatever 
configurations the Sets may take they are disposed parallel to 
one another as set forth in FIG. 1B. 

0040. In first preferred embodiment in cartridge 14/18, 
the plates 20, as seen in FIG. 1A will extend from at or near 
the top of the cartridge to at or near the bottom of the 
cartridge. That is, the bottom edge of the multiplicity of 
plates may be adjacent to the top and bottom of the cartridge. 
However, applicants provide in a novel cartridge means to 
accept shorter plates, that is, plates that do not extend fully 
down to the bottom of the cartridge, in an effort to control 
the effectiveness and handling of the cartridge of the cell 
when handling a waste water load that is less than the 
maximum capacity of the reactor. 
0041 As a bit of background, reactors are typically rated 
in their ability to handle wastewater by the maximum 
amount of wastewater flow that can be treated by a given 
reactor. For example, a reactor may be designed to treat 
wastewater with a given conductivity/resistivity range at a 
flow of 500 gallons per minute. This rating for that given 
reactor is for a reactor with full plates as illustrated in 1A. 
However, the situation may arise where, for example, water 
with reduced flow rate is being treated and therefore the 
Same applied Voltage, Say, for example, 48 volts may be used 
but the user may “size” the cartridge with smaller plates for 
easier handling and increased efficiency. It is found to be 
advantageous to use the same cartridge and provide a means 
for inserting Shorter plates So as to efficiently handle waste 
water with a lower flow rate than the maximum capability of 
the reactor cell. For example, a user may wish to purchase 
a cell of 500 gallons per minute maximum capacity even 
though the current demand of that user is only, Say, 200 
gallons per minute. It may be more economical to purchase 
a larger unit and use Shorter plates and, when the require 
ments of the user increase to use the Same cartridge and 
purchase longer plates. Applicants have provided for a 
mechanism in their unique cartridge System which will 
allow for the acceptance of Shorter plates therein. 

0042. To “size' a reactor, one could build eight to ten 
different size tanks and cartridges to cover the different flow 
rate demands from, for example, 100 gallons per minute to 
1500 gallons per minute. However, by using Applicant's 
design one can cover the entire range with only two different 
Size tanks and cartridge by creating a flexible cartridge 
System allowing use of different Size plates. In this way, a 
Single cartridge design can be used to accommodate flow 
rate demands from 100 gallons per minute to 500 gallons per 
minute and another Single cartridge design can accommo 
date flow rate demands of 500 gallons per minute to 1500 
gallons per minute. This system is illustrated in FIGS. 1, 1C, 
1D and 2. It is noted that both the front and the rear wall have 
a horizontally cut notch at a pre-described location above the 
bottom edge of the front and the rear wall. Notch 22 is 
dimensioned for Snug receipt of a stop member (24), typi 
cally a rectangular, elongated member sized to wedge Snugly 
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into notch 22. With notch 22 along the inside surface of both 
the front wall and the rear wall the same distance above the 
bottom edge of each of those walls and with the stop 
members (24) firmly inserted in the notches, the cartridge 
can accept a shorter plate by receiving the lower edge of the 
plates (20) against the upper Surface of the stop member 24 
(See FIG. 1D). 
0.043 Moreover, with water being treated at less than the 
maximum rated capacity, it is beneficial to raise the height 
of weir 14J/16J to decrease the amount of “freeboard” or the 
amount of exposed plate above water level WL (exposed 
plate is “wasted' when the rest of the plate is being con 
sumed). A method for increasing the height of weir 14J/15J 
is illustrated in FIG. 1E. It is seen with respect to FIG. 1E 
a riser 26 may be provided which is simply a rectangular, 
elongated member shaped to fit on top of weir 14J/16J by 
means, for example, of a dowel 26A/hole 26B combination 
as illustrated in FIG. 1E. That is, a series of vertically 11 
aligned holes 26B may be provided projecting downward 
from the top surface of weir 14J/16J and a pair of identically 
Spaced and dimensioned holes provided in riser 26 project 
ing from the underside of riser 26 up into the riser 26. With 
this arrangement, holes in the riser and weir dowels 26A 
may be used to snugly seat riser 26 to weir 14J/16J to 
effectively raise the level the water which will reach before 
it pours over the weir 14J/16J and, likewise, would decrease 
the amount of “freeboard” on the steel plates. The reason for 
decreasing the amount of freeboard is that it represents 
waste of the plate. Ideally, there should be almost no 
freeboard and the entire plate should be consumed in the 
electrocoagulation process. 
0044) Applicant's concept of sizing the plates for a flow 
rate of less than the maximum capacity of the electrocoagul 
lation cell at a given Voltage for a given Set of treatment 
parameters for water gives the user the possibility of using 
a Single “universal' cartridge-that is, a cartridge whose 
plates or other variables can be sized so that it will effec 
tively run water with requirements Substantially less than the 
maximum capability of the unit, through the use of Smaller 
plates. Smaller plates are, again, advantageous as they make 
handling of the cartridge which, loaded with plates, may 
weigh Several thousand pounds, much easier. Applicants 
provide for a universal cartridge with the ability to easily 
alter the cartridge to accept the plates with differing dimen 
sions, while also being able to alter the weir 14J/16J height 
of the cartridge 14 to adapt to the smaller plates. Some of the 
electrocoagulation cells can use up to 7,000 pounds of Steel 
plates in a single cartridge. Therefore, the decreased lift-out 
and handling requirement may be readily appreciated. 
0.045 One could lift out Applicants cartridge, which 
consists of a frame around the plates, and then, with the 
cartridge removed from the tank, change out the plates. In 
other words, plates don’t have to be changed out directly 
from the tank. Indeed, one can withdraw one cartridge and 
>immediately insert a Second cartridge, full of plates and, at 
their leisure, remove the wasted steel plates from the first 
cartridge. In other words, the lift out cartridge provides that 
the plates can be removed “in mass” and “replaced in mass,” 
a System where the electrocoagulation reactor does not have 
to be shut down or be taken off-line while the plates are 
changed out. 
0.046 Applicants provide yet another advantage in pro 
viding in FIG. 1F, structure defining bumpers 28. This will 
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allow the cartridge 14, as it is lifted in or out of the tank 12 
to be protected from banging directly into the inside Surface 
of the Sidewalls of the tank or the bottom of the tank. 
Bumpers 28 may be made out of hard rubber or any other 
Suitable, durable, non-reactive material. 
0047 FIGS. 4, 5, and 6 all illustrate an alternate pre 
ferred embodiment of an electrocoagulation cell 10 which 
doubles the capacity of the aforementioned electrocoagula 
tion cells by providing tank 12 with a larger Volume, 
typically about twice to four times the volume of the cell set 
forth in the earlier embodiments. The size of the cartridge 14 
is also increased, that is, to handle many more plates. An 
intermediate wall 30 is provided in the cartridge for struc 
tural Support. It is also seen that there may be a pair of Sump 
portions 12J each one with a drain Sump 12P. The drain 
Sumps are provided to remove any Sediment Settling in the 
Sumps. There also may be two or more drains 12H. 
0048. Applicants open top, unpressurized parallel flow 
reactor may have a number of plate arrangements including: 
plus minus plus minus: plus n minus n plus n minus, etc. The 
recirculation loop may recirculate through one or more cells 
of the reactor. Typically, water will flow through each 
individual Solid reactor from bottom to top, to assist in the 
escape of gases. Individual plates of each cell may be tabular 
in nature and made from iron, Steel, aluminum or other 
material. They may include “cutouts” in various shapes (see 
FIG. 8B) to help generate a non-uniform and more varied 
e-field between the plates. Extra difficult waters may be 
treated a number of passes through the cells through the use 
of a recirculation pump (see below). There may be a number 
of water inlets across the bottom of the housing of the 
parallel flow reactor to help generate even flow across the 
plates. 
0049 FIGS. 7A through 7E illustrate components of 
Applicant's cell stand 40. FIG. 7A represents a left and right 
side assembly for the rectangular stand. FIG. 7B is a rear 
assembly for the stand. FIG. 7C is a front assembly for the 
stand. FIG. 7D is a view of a cross brace for use with the 
rear assembly of the stand. FIG. 7E is another cross brace 
for use with the front assembly of the stand. 
0050. When bolted together the front assembly, rear 
assembly and two Side assemblies form a rectangle which 
will vertically Support the cell tank 12 at a point immediately 
below the lower perimeter of the cartridge 14 that is placed 
in the tank So as to avoid any sheer or flex loading on the 
bottom walls of the tank. That is, when bolted together the 
cell stand 40 will have upper perimeter walls that are 
dimensioned identical to at least a portion of the lower 
perimeter of the cartridge. 

0051. It is seen that electrocoagulation cell stand 40 has 
a number of Vertical Support legs 42 for providing a vertical 
Support to tank Support perimeter members 44A, 4.4B and 
44C. The tank perimeter support member 44A provides 
support to the left and right side of the tank, 44B provides 
support to the tank directly beneath the rear wall of the 
cartridge and vertical Support perimeter 44C provides Ver 
tical support to the tank directly below the front wall of the 
cartridge. FastenerS 45A are used to fasten the Stand together 
by engaging bolt holes 45B. Note that both the rear assembly 
of the stand and the front assembly of the stand include cross 
braces 46 and 48, with cross brace 46 on the rear assembly 
of the Stand including a vertical Support leg 42 for reaching 
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either a Series flow reactor cell or Applicants' novel parallel 
flow reactor cell disclosed herein. Here it is seen that 
Applicants provide a pipe or channel (120) connecting the 
two cells. The first cell (102A) has an inlet (122A) and an 
outlet (122B). Second cell (102B) has an inlet (124A) and an 
outlet (124B). Pipe (120) connects the outlet of the first cell 
to the inlet of the second cell. Downstream of the outlet of 
the second cell is a T-junction (126) at which water may be 
recirculated through recirculation loop (116) under the impe 
tus of recirculation pump (104) to a point upstream of inlet 
(122A) of first reactor (102A). Note that this embodiment 
illustrates flow through the reactor cells under the impetus of 
gravity or a "head” between a water Source (not shown) 
which is higher than the first cell, and the first cell which is 
higher than the Second cell. Water continuing downstream of 
Tjunction (126) will continue on for either use discharge, or 
further treatment, as in Settlement, clarification, gas assisted 
flotation or the like. 

0.058. One of the purposes in the parallel flow reactor of 
providing a recirculation loop is to increase the probability 
of an ion of waste composition being adjacent an oppositely 
charged plate. In pressurized reactors (such as Applicants 
Series flow reactor), Sufficient velocity of liquids through the 
reactor must be maintained for proper removal or Scrubbing 
of the plates of the reactor. On the other hand, in Applicants 
parallel flow reactor, which is typically run at atmospheric 
preSSure, Sufficient flow is necessary to increase the oppor 
tunity of a charged ion to be adjacent an oppositely charged 
plate. 

0059) One way in which a recirculation loop may be used 
is to replace the requirement for multi-cell electrocoagula 
tion reactor. For example, if a treatment job may require 200 
g-p.m. through two cells, one following the other (see FIG. 
10) for effective treatment. A single cell with a recirculation 
loop may achieve equivalent effective treatment of the two 
cell unit. 

0060 Applicants discloses in FIGS. 11A, 11B, 12A and 
12B an invention relating to a gas-assisted flotation proceSS 
and apparatus to assist in the Separation of Solids and liquids 
from a slurry, Such as a slurry that would come out of an 
electrocoagulation reactor cell. Such invention may be used 
to treat wastewater or any other water or fluid that may be 
used in or result from a manufacturing process. Applicants 
provide an apparatus and process by which water received 
from an electrocoagulation cell may be treated on a con 
tinuous basis for the separation of solids therefrom. For 
example, water may be treated to remove Silicon therefrom 
for use in the process of manufacturing brown Sugar. Indeed, 
none of the inventions and processes Set forth in this 
application need be confined to “wastewater, but can be 
applied to the treatment of any water whose characteristics 
are intended to be altered Such as for example, by treatment 
in an electrocoagulation reactor. The disclosed invention and 
proceSS may be used downstream of any electrocoagulation 
cell or other treatment apparatus, including an electrocoagul 
lation reactor with parallel flow or series flow. Further, some 
water may be passed through the gas-assisted flotation 
proceSS and apparatus more than once, as by using Appli 
cants’ novel recirculation loop. Under Some circumstances, 
Applicants' novel gas-assisted flotation process and appa 
ratus may replace the defoam, Sludge, thickener and clarifier 
processes and apparatus. 

Apr. 29, 2004 

0061 Applicants' novel apparatus, a gas-assisted flota 
tion cell, is provided which has a conical upper chamber that 
tapers into a neck portion, which neck portion may include 
a manifold with gas intake jets to assist in lifting and 
propelling floated Solids residing above a liquid level, out of 
a removed end of the neck for discarding or for further 
treatment, as liquid is drawn off the bottom of the main 
chamber for either reuse or further treatment. 

0062) Applicants' gas-assisted flotation cell provides 
advantages not found in the prior art, including U.S. Pat. No. 
5,055,184 (Carpenter, et al. 1991), the specifications and 
drawings of which is incorporated herein by reference. The 
Carpenter reference discloses generally a gas-assisted flo 
tation apparatus for Separating Solids from liquids in a slurry. 
It comprises a main chamber, an inlet channel from which a 
liquid Slurry may enter, and an upper tapered portion. Gas 
bubbles attached to solids and particles will tend to float 
upward in the main chamber and reside above a liquid line. 
When the level of liquid is sufficiently high in the chamber, 
the material floating above the liquid line will either drop off 
through a Side exit pipe above the tapered chamber or, if a 
gas, will rise upward as through a chimney. Thus, the 
Carpenter reference discloses two exits ports for expelling 
material rising above a liquid Surface and, in addition, 
requires a valve mechanism to control the level of liquid in 
the main chamber. 

0063 Among the advantages of Applicants present 
invention over the Carpenter reference is the positive 
removal, as by compressed gas, offloating Solid material out 
of a removed end of a neck that is in fluid communication 
with the opening at the apex of the tapered walls of the upper 
chamber. Further, Applicants provide a simple method of 
maintaining a liquid level in the main chamber Sufficient to 
present material floating above Such level to the compressed 
gas injected into the neck of the main chamber. Further, 
Applicants provide a novel tapered lower chamber for 
collection of Sediment therein and, further, for a novel 
stilling chamber Suspended within the main chamber. This 
and other novel features of Applicants gas-assisted flotation 
process and apparatus will be apparent with reference to the 
drawings below. 
0064 FIGS. 11A and 11B illustrate a dissolved air 
flotation apparatus 200 and FIGS. 12A and 12B show an 
alternate preferred embodiment, dissolved air flotation appa 
ratus 200A. 

0065. The figures illustrate a main chamber 202 including 
a tapered upper chamber 204. Main chamber 202 includes 
vertical sidewalls 206. Applicants provide a tapered lower 
chamber 208 which descends below the vertical sidewalls 
206 and terminates in a drain 210 that may have a plug, 
removable therefrom, for the draining of Sediment that may 
collect thereon. Tapered upper or lower chambers may be 
conical or polygonally shaped. 
0066 Turning back to the upper chamber, it is seen that 
tapered upper chamber 204 reaches an apex that is open and 
in fluid communication with a neck 212. In FIGS. 11A and 
11B, it is seen that Applicants provide a sideport 214 for 
removal, as by descent under the impetus of gravity, of 
Solids floating on the top of a liquid/solids interface. In 
FIGS. 11A and 11B, it is seen that there is a removed neck 
opening 216 for the escape of gases therefrom. However, 
turning to FIGS. 12A and 12B, it is seen that Applicants 
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may provide, at a Suitable location, as for example in the 
neck 212 (alternatively directly in the walls of tapered upper 
chamber 204), an air injector assembly 218. The purpose of 
the air injector assembly is to inject air, or other gas, at a 
Suitable location, Such as in the neck, to assist in lifting the 
Solids and the gases entrapped in the Solid/liquid froth that 
is “floating” above the liquid interface, out of a removed end 
(216B) of a transport tube 216A which may transport the air 
charged mix. Applicants air-injected assembly includes a 
compressed gas Source 218A (for example, an air pump or 
a compressed air tank) and a delivery tube 218B for delivery 
of a gas, under pressure to a manifold 218C, which manifold 
is in fluid communication with one or more jet 218D or 
preSSure ports for injecting the air or other gas under 
compression into the neck of the main chamber and into a 
solid/gas froth for removal from the removed end (216B) of 
transport tube 216A. 
0067. Applicants' novel gas-assisted flotation apparatus 
200, 200A may include a stilling chamber 220, the stilling 
chamber including an inlet tube 222 for carrying a liquid, 
typically with a flocculant or precipitant Suspended therein 
into the Stilling chamber. Applicants inlet tube 222 may be 
Seen to have an open removed end 222A, and, adjacent a 
removed end an angled portion 222B for directing the flow 
of liquids into the Stilling chamber So as to generate a slow, 
non-turbulent flow within the chamber. Upstream of the 
point at which the inlet tube enters the main chamber, there 
may be a degas vent or pipe 224 from which the larger gas 
bubbles may escape from the liquid before it enters the main 
chamber. Entering the stilling chamber 220 through a dis 
Solved air delivery tube 226 is a compressed gas liquid 
composition. The dissolved air delivery tube includes a 
removed end 226A which may include an angled portion 
226B in an effort to assist in the circulation of the fluid in the 
main chamber to avoid turbulence. Indeed, the function of 
stilling chamber 24 is to reduce the velocity of liquid 
entering the chamber to a point of slow, Smooth flow. Stilling 
chamber 220 also is intended to increase retention time to 
allow further coagulation, flocculation and gas bubble pre 
cipitation as well as a growth of flocculant Solid particles. 
Note that stilling chamber 220 may include a flanged lip 228 
adjacent an upper opening thereof and a sloped bottom wall 
232, the flanged lip and sloped bottom wall connected by 
vertical sidewalls 230. The effect of the flanged lip and/or 
sloped bottom wall is to promote a smooth, slow flow of the 
liquid and thus provide increased efficiency. Notice that 
open bottom 234 of stilling chamber 220 may be located 
above drain 210 So as to “allow any precipitates descending 
therefrom to travel toward the drain. Note also that the 
Sidewalls of the Stilling chamber may include an interior 
baffle 236 projecting into the Stilling chamber So as to reduce 
the flow of liquids therein to, again, promote a Smooth 
non-turbulent slow flow of liquid. Furthermore, the stilling 
chamber may be Supported within the main chamber, above 
the floor of the main chamber by chamber Support baffles 
238 extending from an inner surface of the vertical sidewalls 
of the main chamber to the sidewalls of the stilling chamber, 
the Support baffles having an exaggerated width (vertical 
dimension) So as to help minimize currents in the main 
chamber. 

0068 The main chamber must be provided with a means 
to remove a liquid therefrom, the liquid here being removed 
by outlet channel assembly 240 which may consist of a 
single pipe, having multiple branches 240A, 240B and 240C 
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(see FIGS. 11A and 11B) or a jacket assembly 240D (see 
FIGS. 12A and 12B). By providing for multiple outlets at 
or near the bottom of main chamber 202, Applicants provide 
for a more efficient removal of liquid from the gas-assisted 
flotation apparatus 200, 200A. While three branches are 
illustrated in FIG. 11B, any number may be used. 
0069. Applicants may also provide a standing pipe 242 
with a catch vessel 244 from which liquid removed from the 
main chamber through outlet channel assembly 240 may be 
contained, for the control of the level of liquid in main 
chamber 202 and as a source of water for the air dissolving 
mechanism. 

0070 So long as fluid to be treated is allowed to enter 
chamber, the fluid will rise to the level of the top of standing 
pipe 242. This level may be adjusted to coincide with the 
level of the bottom of the sideport 214 or to a level just 
below jets or pressure ports 218D, or to any both appropriate 
for the density of the floating phase. 
0071. Thus, Applicants provide a novel gas-assisted flo 
tation proceSS and apparatus that achieves at least the 
following results: reduction of turbulence; effective removal 
of gas/Solid material through a removed neck opening; 
effective maintenance of fluid level adjacent a gas or com 
pressed air transport tube; an effective drain to remove 
precipitates, the angled injection of fluid into a stilling 
chamber and gas dissolved air from a separate tube into a 
Stilling chamber, the Stilling chamber being effectively 
designed to help reduce turbulence. Dissolved gas is injected 
through dissolved air delivery to be 226. Water is drawn off 
the bottom of catch vessel 244. Air pump 244A will inject 
air into the Stream of fluid injected into the Stilling chamber. 
Outlet port 244B will pass water on for further treatment or 
Sc. 

0072 Thus, applicants provide a method of transporting 
a quantity of water from a removed location to an electro 
coagulation reactor, moving the water through the electro 
coagulation reactor while Subjecting the water to an electric 
field, then discharging the waste water from the electroco 
agulation reactor through a discharge port. Downstream the 
discharge port and inline with discharge piping is a recir 
culation loop that includes a pump for recirculating a portion 
of the water back into the electrocoagulation reactor by 
reintroducing the waste water that is already passed through 
the reactor at least once upstream of the inlet port of the 
reactOr. 

I claim: 
1. A method for treating water, the method comprising the 

Steps of 
providing an electrocoagulation reactor having an intake 

pipe, the intake pipe having a first pump engaged 
there with and an intake port and a discharge pipe and 
a discharge port, the electrocoagulation reactor includ 
ing a recirculation loop with a recirculation pump 
engaged there with; 

transporting a quantity of water from a distant location to 
the intake port of the electrocoagulation reactor via the 
intake pipe and the first pump; 

Subjecting the water in the reactor to an electric field; 
moving the water through the electrocoagulation reactor; 
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discharging the water from the electrocoagulation reactor 
to the discharge pipe, and, 

pumping a portion of the discharged water through the 
recirculation loop and the recirculation pump back into 
the electrocoagulation reactor upstream thereof. 

2. The method of claim 1 further including the step of: 
defoaming the water discharged from the electrocoagula 

tion reactor. 
3. The method of claim 1 further including the step of: 
clarifying the water discharged from the electrocoagula 

tion reactor. 
4. The method of claim 1 further including the step of: 
providing a Settling tank and allowing the water dis 

charged from the electrocoagulation reactor to reside in 
the Settling tank So that any particulate matter may 
settle out from the water. 

5. The method of claim 1 further including the steps of 
providing a sludge thickener downstream of the electroco 
agulation reactor and residing the water discharged from the 
electrocoagulation reactor in the Sludge thickener for thick 
ening any sludge contained therein. 

6. A device for treating water, the device including: 
an electrocoagulation reactor having an intake pipe 

engaged with a first pump, an intake port, an outlet pipe 
and an outlet port, and 

a recirculation loop having a recirculation pump for 
taking a portion of the Water in the outlet pipe and 
reintroducing it to the inlet pipe. 

7. The device of claim 6 wherein the recirculation loop 
includes a pipe for joining the outlet pipe and for joining the 
inlet pipe downstream of the first pump. 

8. The device of claim 6 wherein the first pump is a 
positive displacement pump. 

9. The device of claim 6 wherein the recirculation pump 
of the recirculation loop is a positive displacement pump. 

10. The device of claim 6 wherein the electrocoagulation 
reactor has a multiplicity of plates arranged for the Series 
flow of water there between. 

11. The device of claim 6 wherein the electrocoagulation 
reactor has a multiplicity of plates therein for the parallel 
flow of water there-between. 

12. The device of claim 6 wherein the electrocoagulation 
reactor includes Sealed walls for maintaining positive pres 
Sure therein. 

13. A method for treating wastewater in an electrocoagul 
lation reactor having a first pump upstream of the electro 
coagulation reactor and a recirculation loop including a 
recirculation pump, the recirculation loop for recirculating 
wastewater discharged from the electrocoagulation reactor 
back upstream thereof and downstream of the first pump, the 
method including the Steps of 

Selecting a net wastewater flow rate; 
determining an efficient electrocoagulation reactor flow 

rate, 

Setting the first pump to establish the net waste water flow 
rate there-through; 

and Setting a recirculation pump to establish in the recir 
culation loop, a flow rate equal to approximately the 
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difference between the electrocoagulation reactor flow 
rate and the net wastewater flow rate. 

14. A device for treating water to alter the characteristics 
thereof, the device comprising: 

a first cell tank; 
a first multiplicity of paired Steel plates, dimensioned 

for receipt within the first cell tank; 
means to mount the first multiplicity of Steel plates 

within the first cell tank in parallel, Spaced apart 
arrangement, 

first inlet means for bringing water into the first cell 
tank; and 

first outlet port for removing water from the first cell 
tank, wherein means for mounting the first multi 
plicity of paired Steel plates, the first inlet means and 
the first outlet port, are adapted to cause each mol 
ecule of water entering the cell tank to pass between 
only a single pair of the first multiplicity of paired 
Steel plates. 

15. The device of claim 14 further comprising: 
a Second cell tank, 
a Second multiplicity of paired Steel plates dimensioned 

for receipt within the Second cell tank; 
means to mount the Second multiplicity of paired Steel 

plates into the Second cell tank in parallel, Spaced apart 
arrangement, 

Second inlet means for bringing water into the Second cell 
tank, 

connecting tube for carrying water from the first outlet 
port to the Second inlet means, 

Second outlet port for removing water from the Second 
cell tank; 

wherein means for mounting the Second multiplicity of 
paired Steel plates, the Second inlet means and the 
Second outlet port are adapted to allow each molecule 
of water entering the Second cell tank to pass between 
only one pair of the Second multiplicity of paired Steel 
plates. 

16. The device of claim 14 wherein the first cell tank 
includes a Sump and wherein means to mount the first 
multiplicity of Steel plates includes a cartridge for mounting 
the plates thereto, the cartridge having an open bottom and 
an open top, the mounting means engaging the first cell tank 
So that the open bottom is above the Sump and wherein the 
first inlet means is located in the Sump. 

17. The device of claim 14 wherein the first cell tank 
includes a Sump, the Sump having tapered walls and having 
a drain at the bottom thereof, for removal of sediment 
collected in the Sump therefrom. 

18. The device of claim 14 wherein means to mount the 
first multiplicity of Steel plates includes a cartridge having 
Slotted walls for engaging the plates and walls for resting 
against an interior of the first cell tank to maintain the 
position of mounting means within the first cell tank. 

19. The device of claim 14 wherein means to mount the 
first multiplicity of Steel plates includes a pair of Spaced 
apart, plate engaging Side walls, one of the pair being lower 
than the other and Spaced apart within the first cell tank So 



US 2004/007965.0 A1 

as to create a spillover chamber, Such that water passing 
between the plates will spill over the lower of the side walls 
into the spillover chamber of the device and wherein the first 
outlet port is engaged to the walls defining the Spillover 
chamber. 

20. The device of claim 14 wherein the first cell tank has 
an open top and wherein means for mounting includes a 
cartridge having Slotted walls for engaging the plates and 
walls for resting against an interior of the cell tank to 
maintain the position of the mounting means within the first 
cell tank, such that it may be lifted out of the open top of the 
first cell tank. 

21. The device of claim 14 wherein the means to mount 
the first multiplicity of Steel plates includes a cartridge 
having slotted walls for engaging the plates and having walls 
for resting against an interior of the first cell tank to maintain 
the position of the mounting means within the cell tank. 

22. The device of claim 14 wherein the plates of the first 
multiplicity of plates have no cutouts. 

23. The device of claim 14 wherein the plates of the first 
multiplicity of plates have cutouts. 

24. The device of claim 14 further comprising a dissolved 
air flotation cell downstream of the first outlet port and in 
fluid communication therewith. 

25. The device of claim 24 wherein the dissolved air 
flotation cell includes a main chamber having bottom walls 
and having a tapered upper portion, the upper portion having 
inwardly converging walls culminating at an opening, the 
main chamber having an inlet port for receipt of a fluid from 
the first cell tank and an outlet port for removing fluid 
therefrom. 

26. The device of claim 25 wherein the dissolved air 
flotation cell further includes a fluid discharge valve con 
nected to the outlet port for controlling the fluid level in the 
upper portion of the main chamber. 

27. The device of claim 26 wherein the dissolved air 
floatation cell further includes means for injecting a dis 
Solved gas into the fluid residing in the main chamber. 

28. The device of claim 24 further including a fluid 
discharge line connected to the outlet port, wherein Said fluid 
discharge line is in fluid communication with a level control 
pipe wherein the level of fluid will be the same as in the main 
chamber to control the level of fluid in the main chamber. 

29. The device of claim 14 further including a recircula 
tion pump downstream of the first outlet port for pumping a 
portion of the water received therefrom to a point upstream 
of the first inlet means for recirculation of the flow through 
the first cell tank. 

30. The device of claim 15 further including a recircula 
tion pump downstream of the Second outlet port for pumping 
a portion of the water received therefrom to a point upstream 
of the first inlet means for recirculation through the first cell 
tank. 

31. The device of claim 15 further including a recircula 
tion pump downstream of the Second outlet port for pumping 
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a portion of the water received therefrom to a point between 
the two cell tanks for recirculation of Some of the fluid 
through the Second cell tank. 

32. A dissolved gas flotation device for Separating Solids 
from liquids in a slurry comprising: 

a main chamber having a lower entry channel from which 
the Slurry may enter the main chamber and having a 
tapered upper portion terminating in an open apex, the 
open apex having an upper pipe attached thereto to 
receive consolidated particles which have floated to the 
top of the liquid or bubbles attached to the Solids, the 
upper pipe having a removed end; 

a fluid discharge pipe; 

means to control the level of liquid in the main chamber; 
and 

airjets for engagement with the main chamber above the 
level of fluid for driving the solids floated atop the 
liquid out through the removed end of the upper pipe. 

33. The flotation device of claim 32 wherein the main 
chamber includes a tapered lower portion for the collection 
of Sediment therein, the tapered lower portion including a 
drain valve. 

34. The flotation device of claim 32 wherein the level 
control means includes a Standing pipe in fluid engagement 
with the fluid discharge pipe. 

35. The floatation device of claim 32 further including a 
degas vent upstream of Said lower entry channel. 

36. The flotation device of claim 32 further including a 
Stilling chamber adapted to receive the Slurry from the lower 
entry channel and means to Support the Stilling chamber 
above the bottom wall of the main chamber. 

37. The flotation device of claim 36 wherein the lower 
entry channel includes an open end terminating in the 
Stilling chamber and angled to induce a Smooth slow flow of 
Slurry in the Stilling chamber and further including means to 
inject dissolved gas including an airpump connected to a 
tube having an open end terminating in the Stilling chamber, 
for introduction of dissolved gas below the open end of the 
lower channel. 

38. The flotation device of claim 36 wherein the stilling 
chamber includes baffles. 

39. The flotation device of claim 36 wherein the stilling 
chamber is open at the bottom. 

40. The flotation device of claim 32 wherein the fluid 
discharge pipe includes a multiplicity of branches Spaced 
apart and opening to the main chamber near the bottom 
thereof. 

41. The flotation device of claim 36 wherein the means to 
Support the Stilling chamber includes a multiplicity of Sup 
port Vanes. 


