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APPARATUS AND METHODS FOR
EFFICIENT GENERATION OF CHLORINE
DIOXIDE

RELATED APPLICATION

This application claims the benefit of U.S. Provisional
Application Ser. No. 60/253,024, filed Nov. 22, 2000, and
entitled “APPARATUS AND METHODS FOR EFFICIENT
GENERATION OF CHLORINE DIOXIDE” which is
hereby incorporated herein by reference.

BACKGROUND

1. Field of the Invention

The present invention generally relates to the production
of chlorine dioxide and, more particularly, to novel appara-
tus and methods for increasing the efficiency of chlorine
dioxide production utilizing metering pumps and a multiport
reaction column under vacuum.

2. The Background

Chlorine was traditionally used as a chemical disinfectant
to inactivate or chemically kill microorganisms in drinking
water. Certain chlorinated, brominated or poly-substituted
organic compounds may result, however, from the interac-
tion of chlorine with natural organic matter in raw water
supplies. Some of these compounds (i.e., trihalomethanes
and the haloacetic acids formed by reactions between free
chlorine and natural organic matter) have been linked with
undesirable environmental side effects and potential long
term health effects, such as cancer.

Chlorine dioxide, having the molecular formula of ClO,,
has been found to not form these halogenated byproducts
when it reacts with the same precursors as those produced
with chlorine. Importantly, chlorine dioxide has been found
to produce microbiologically safe water that is chemically
disinfected without the high cost of ozone or causing the
production of chlorine-related harmful halogenated byprod-
ucts. Thus, the bactericidal, fungicidal, algicidal, bleaching
and deodorizing properties of chlorine dioxide are readily
used by those skilled in the art for chemically disinfecting
and treating water sources, without incurring the adverse
environmental side effects that are associated with chlorine.

Unfortunately, chlorine dioxide is hazardous due to the
unstable nature of gaseous chlorine dioxide when
compressed, therefore chlorine dioxide does not lend itself
to large scale factory production. It is necessary to produce
chlorine dioxide on site rather than to produce it at a plant
and ship it for usage when needed. As appreciated, chlorine
dioxide generators and processes were developed by those
skilled in the art to produce chlorine dioxide on site in the
select quantities needed, thus allowing for limited produc-
tion without the problems associated with large scale
production, transportation and/or storage of the substance.

Although chlorine dioxide does produce inorganic
byproducts (e.g., chlorine, chlorite, chlorate, chlorous acid,
chloride ions and the like), these byproducts may be ulti-
mately removed if proper procedures and protocols are
followed. Whereas, the capability to effectively handle and
remove disinfection byproducts produced by the process, the
dramatic reduction of organic products produced as a result
of the process, and the strong disinfection strength of
chlorine dioxide makes it the better candidate for disinfect-
ing and treating water sources. To this end, chlorine dioxide
is presently used for disinfecting water, controlling taste and
odor, color reduction, and for the oxidation of inorganic
compounds like iron, manganese or sulfur compounds that
generally detract from the aesthetic quality of the water.
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Chlorine dioxide, acting as a disinfectant, may be used in
both the pre-oxidation and the post-oxidation stages of water
treatment. By adding chlorine dioxide in the pre-oxidation
phase of the purification of surface water, the growth of
bacteria and algae may be controlled in subsequent phases of
treatment. Chlorine dioxide also acts as an oxidant (electron
receiver) to colloidal substances, aiding in the coagulation
process and improving the removal of turbidity.

In summary, chlorine dioxide may be used as a disinfec-
tant and an oxidant in the treatment of drinking water.
Chlorine dioxide may therefore be utilized in a variety of
processes including a large number of bactericidal
applications, especially in the field of water treatment in
wastewater treatment facilities, odor abatement of raw sew-
age and the control of hydrogen sulfide in sewers.

The difficulties involved in the generation of chlorine
dioxide can be demarcated into three specific groupings: (1)
the production of chlorine dioxide in an appropriate carrier
fluid; (2) the production of chlorine dioxide in the right
concentration with the absence of unwanted byproducts or
compounds; and (3) maximizing percent yield.
Correspondingly, many prior art chlorine dioxide generation
apparatus and methods have been developed by those skilled
in the art in an effort to address many of the difficulties or
disadvantageous associated with chlorine dioxide produc-
tion.

For example, those skilled in the art developed a process
for producing chlorine dioxide by reacting in a reaction
vessel an alkali metal chlorate, a mineral acid, and methanol
as a reducing agent in proportions to generate chlorine
dioxide in a reaction medium that is maintained at a tem-
perature of about 50° C. to about 100° C. and at an acidity
within the interval from about 2 to about 11 N and subjected
to a subatmospheric pressure. Water is evaporated and a
mixture of chlorine dioxide, water vapor and gaseous
byproducts is withdrawn from an evaporation region in the
reaction vessel. The alkali metal sulphate is preferably
precipitated in a crystallization region in the reaction vessel.
The content of formic acid in the reaction vessel is increased
by the addition of formic acid to a content of formic acid
exceeding about 0.3 M. The gaseous byproducts are con-
densed to obtain formic acid and the content of formic acid
in the reaction vessel is increased by recirculation of the
condensate.

Another prior art apparatus and method was developed by
those skilled in the art for forming an aqueous chlorine
dioxide solution that includes reacting in a reaction vessel an
acid reaction solution containing a hydroxy carboxylic acid
and a companion acid with an alkali metal salt of a chlorite
ion. The hydroxy carboxylic acid serves to temporarily
transfer chlorine from and does not form a salt with the
alkali metal salt of the chlorite ion. The apparatus includes
a stripping unit whereby product solution is contacted with
an inert gas to produce a product gas, and an absorbing unit
whereby the product gas is contacted with an aqueous
medium to produce an aqueous solution of chlorine dioxide.

Of the above listed challenges associated with prior art
apparatus and methods for chlorine dioxide generation,
perhaps the most difficult to solve is maximizing percent
yield. Economics dictate that the profit of a production
process is maximized when all the inputs are used to
completion without excess or waste, while requiring the
shortest amount of time possible. In chemical reactions, the
inputs are referred to as reactants, the end products are
referred to simply as the products.

Those skilled in the art refer to theoretical yield as the
maximum possible generation of a product with a given
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quantity of reactants. In order to reach the theoretical yield,
all the molecules of one reactant must find a complementary
molecule of a differing reactant and combine in such a way
to form the desired product. In the real world, it is very
difficult to ensure that every reactant molecule comes in
contact with a complement, wherein the yield of the desired
product is generally referred to as the actual yield.

Percent yield may be defined as the ratio of actual yield
to the theoretical yield. Thus, in an efficient chemical
reaction, the actual yield approaches the theoretical yield
and the resulting percent yield is high. In order to increase
percent yield, it is common practice to add an excess of one
reactant, thus greatly increasing the probability that all of the
accompanying limiting reactant is consumed. However, this
practice may be undesirable for two reasons. First, after the
limiting reactant has been consumed, the excess reactant is
wasted and can not be readily recovered. Second, the
reactant in excess may adversely affect the characteristics of
the final solution. For example, if chlorine were the excess
reactant, its presence would result in the environmental side
effects that were meant to be avoided. Thus, it would be an
advancement in the art to develop a chlorine dioxide gen-
eration apparatus and methods that produces a high percent
yield without introducing significant excesses of one or
more of the reactants.

Time is also an important factor in creating an economical
production process. The faster the progression of the pro-
duction process, the greater the amount of product that can
be produced in a given amount of time. However, an
increase in the time allotted for a reaction to occur, promotes
a higher percent yield. The reasoning is obvious, the more
time the reactant molecules have to move about, the more
probable that they will encounter a complement and react.
Therefore, in order to reach an optimal economic
production, there must be a compromise between the time
allotted for the reaction and the resulting percent yield. To
this end, it would be an advancement in the art to create a
chlorine dioxide generation apparatus and methods that
maximize reactant interaction thereby substantially shorten-
ing the amount of time that is required to reach optimal
economic production.

Several apparatus and methods of the prior art have been
directed at increasing the percent yield in chlorine dioxide
generation. One such prior art chlorine dioxide generation
apparatus utilizes vacuum chemical feed systems. A signifi-
cant disadvantage with these types of prior art vacuum
chemical feed systems is that there is a low emphasis on
precise mixture of chemicals, volumetrically or symmetri-
cally. It would therefore be an advancement in the art to have
a chlorine dioxide generator that meters a precise volume of
reactant chemicals synchronized and combined through
internal ports with dimensions calculated to exact collision
timing within a reaction column and then exiting the appa-
ratus via a single output port. Such a device is disclosed
herein.

SUMMARY AND OBJECTS OF THE
INVENTION

In view of the foregoing, it is a primary object of the
present invention to provide novel apparatus and methods
for increasing the efficiency of chlorine dioxide production
by utilizing synchronized metering pumps and a multiport
reaction column under vacuum, thereby precisely metering,
synchronizing, and controlling reactant introduction in an
effort to achieve maximum percent yield.

It is also an object of the present invention to improve the
percent yield of chlorine dioxide generation by utilizing
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precision volumes, linear flow paths, and precision reaction
column geometry in order to take advantage of the physical
laws involved in efficient molecular mixing and interaction.

It is a further object of the present invention to provide
novel apparatus and methods for increasing the percent yield
of chlorine dioxide production at minimal cost with mini-
mum working components.

Consistent with the foregoing objects, and in accordance
with the invention as embodied and broadly described
herein, an apparatus and method are disclosed, in suitable
detail to enable one of ordinary skill in the art to make and
use the invention. One presently preferred embodiment of an
apparatus and method, in accordance with the present
invention, may include a water delivery system having an
inlet water source delivering water at a sufficient pressure. If
the inlet water source does not deliver the water at a desired
pressure, the water delivery system may be configured with
a booster pump to pressurize the inlet stream of water to the
desired pressure. The water delivery system may further be
configured to contain a safety mechanism to protect the
hardware of a generator. The safety mechanism may be
configured to be an in-line flowswitch interconnected elec-
trically with a time delay relay. A timer may be actuated at
pump start, if after a predetermined time has elapsed (e.g.,
10 seconds) the flowswitch has not been actuated, a safety
circuit may be provided to remove incoming voltage to the
chlorine dioxide generator.

A pressure reducing valve may be incorporated into the
water delivery system to determine the gallons per minute of
water flowing through the generator. In one presently pre-
ferred embodiment of the present invention, the flow rate
may be adjusted from 3-6 gpm according to the output
requirements of the generator.

In certain embodiments, the water delivery system may be
further configured to pass the water though a flow meter
which may function primarily as a point of reference for
determining chlorine dioxide concentration in the final out-
put solution. A check valve may be incorporated along the
length of the water delivery system to ensure that chlorine
dioxide is unable to backfeed into the water delivery system.
If desired, a pressure gauge may be incorporated into the
delivery system to monitor the pressure. As appreciated, the
pressure readout from the pressure gauge may facilitate
initial setup and also be an aid in troubleshooting the
generator.

In one presently preferred embodiment of the present
invention, the water introduced into the water delivery
system may be configured to pass through an eductor. The
water flow through the eductor may be configured to pro-
duce a vacuum. In certain preferred embodiments, the
eductor may be secured proximate a reaction column and the
vacuum produced by the eductor may be applied to the
reaction column. The vacuum produced may also be con-
figured to be dependent upon the flow rate and pressure of
the water flow through the eductor.

Preferably, the eductor is directly connected to the reac-
tion column. The reaction column may be configured to have
a plurality of inlets and an outlet port. A plurality of reactants
may be introduced into the reaction column through the
various inlet ports. The reaction column may be configured
to promote mixing and an efficient reaction between the
reactants. The efficient mixing of the reactants may be
accomplished by promoting turbulent flow through the
incorporation of abrupt flow path changes and head-on
collision feeds into the reaction column design.

The chlorine dioxide generator of one presently preferred
embodiment of the present invention may be further con-
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figured to contain a chemical feed system. The chemical
feed system may be formed to deliver a plurality of reactants
to the reaction column. The reactants delivered to the
reaction column may be any chemicals which, when
combined, react to form chlorine dioxide. In one presently
preferred embodiment of the present invention, the reactants
include hydrochloric acid, sodium hypochlorite and sodium
chlorite which are individually delivered to the reaction
column.

As will be appreciated, the reactants may be delivered to
the reaction column by any suitable means. In one presently
preferred embodiment, a plurality of metering pumps are
employed to individually pump the reactants to the reaction
column from their storage containers. The metering pumps
may be configured to simultaneously and in a synchronized
manner delivery precise charges, thus insuring that the
reactants arrive at the reaction column in the exact propor-
tions that are needed to allow the chemical reaction to
progress to completion without an excess of any reactant.
Preferably, the metering pumps may be interconnected
through a repeat cycle timer to insure that all metering pump
pulsations are at the exact same time.

The chemical feed system may be further configured to
maintain a given backpressure to ensure repeatability of
pump priming while also allowing for degassing functions,
if they are required by the application. These functions may
be accomplished by incorporating a four function valve in
the delivery path of each of the reactants. In one presently
preferred embodiment of the present invention, a second
backpressure regulator may be directly coupled to the reac-
tion column. The second backpressure regulator may be
configured to promote reaction efficiency by reducing the
distance the metered reactants are pumped.

After the mixing of all of the reactants has been accom-
plished under the conditions outlined hereinabove, the chlo-
rine dioxide which is produced by the apparatus exits the
reaction column and is preferably directed into the water
flow delivered from the water delivery system. The final
chlorine dioxide solution may then be delivered to a holding
tank for subsequent use, as desired. In one presently pre-
ferred embodiment of the present invention, the flow path
from the reaction column to the holding tank may be
configured with a sight glass for visual inspection of the final
product output. Moreover, the flow path from the reaction
column to the holding tank may further be configured to
contain a check valve which allows flow in only the desired
direction and thereby prevents any unwanted backfeeding.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects and features of the
present invention will become more fully apparent from the
following description, taken in conjunction with the accom-
panying drawings. Understanding that these drawings depict
only typical embodiments of the invention and are,
therefore, not to be considered limiting of its scope, the
invention will be described with additional specificity and
detail through use of the accompanying drawings in which:

FIG. 1 is a diagrammatical representation illustrating one
presently preferred embodiment of a chlorine dioxide gen-
eration apparatus and method of chlorine dioxide production
of the present invention;

FIG. 2 is a front elevational view of one presently
preferred embodiment of a chlorine dioxide generator of the
present invention;

FIG. 3 is a side elevational view of one presently pre-
ferred embodiment of a chlorine dioxide generator of the
present invention;
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FIG. 4is a conceptual flow chart of the presently preferred
embodiment of the chlorine dioxide generation apparatus
and method illustrated in FIG. 1; and

FIG. 5 is a cross-sectional view of one presently preferred
embodiment of a reaction column of a chlorine dioxide
generation apparatus of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

It will be readily understood that the components of the
present invention, as generally described and illustrated in
the Figures herein, could be arranged and designed in a wide
variety of different configurations. Thus, the following more
detailed description of the embodiments of the system and
method of the present invention, as represented in FIGS. 1
through 5, is not intended to limit the scope of the invention,
as claimed, but it is merely representative of the presently
preferred embodiments of the invention.

Those of ordinary skill in the art will, of course, appre-
ciate that various modifications to the details of the Figures
may easily be made without departing from the essential
characteristics or spirit of the invention. Thus, the following
description of the Figures is intended only by way of
example, and simply illustrates certain presently preferred
embodiments consistent with the invention.

FIG. 1 is a schematic diagram of one presently preferred
embodiment of the present invention, wherein system com-
ponents are represented and connected by lines. These lines
may be assumed to be any suitable conduit for transporting
a given substance from one component to another.

Referring to FIG. 1, and generally to FIGS. 1-5, a
chlorine dioxide generation apparatus 10 may be configured
to include a water delivery system 12, a chemical feed
system 40, a reaction column 110, and an output system 140.
The water delivery system 12 provides the interface between
a water supply 14 and the chlorine dioxide generator 10. The
water delivery system 12 conditions the water supply 14 and
produces a water stream at an appropriate flow rate and
pressure. In one presently preferred embodiment of the
present invention, the water delivery system 12 may be
configured to contain a system solenoid valve 16 and a high
level solenoid valve 18. The system solenoid valve 16 may
provide a fail-safe method of blocking off the inlet water
flow. The system valve 16 may prevent inlet water from
flowing through the system and diluting the chlorine dioxide
previously generated. The high level solenoid valve 18 may
detect when a certain quantity of chlorine dioxide has been
generated and shut down the generator, thus stopping the
inlet water flow and the generation of chlorine dioxide. If
needed, a booster pump 20 may be incorporated into the
water delivery system 12 in an effort to increase the pressure
of the water flow delivered therethrough.

If the water supply 14 is feed at a sufficient pressure, the
booster pump 20 may be omitted. As appreciated, the
booster pump 20 may include any one of a number of
conventional pumps and pump designs known in the art. The
capacity of the booster pump 20 may be determined by the
requirements of the chlorine dioxide generator 10. In one
presently preferred embodiment of the present invention, the
water supply 14 is feed into the water delivery system 12 at
between 3—-6 gpm with a minimum pressure of 30 psi. In
general, the water pressure required to accomplish an effi-
cient operation of the chlorine dioxide generator 10 is
preferably at approximately 50 psi or greater over the
backpressure produced by the system piping and the eductor.

The water delivery system 12 may be further configured
to contain a safety mechanism to protect the hardware of the





















