
METHOD, APPARATUS AND SYSTEMS FOR TREATING
CONTAMINATES IN A WASTE FLUID CROSS-REFERENCE TO
RELATED APPLICATIONS [00O1] This application is a
continuation-in-part of U.S. application Ser. No.
11/027,824, filed December 29, 2004, and claims the
benefit of the effective filing date of U.S.
provisional patent 60/697,856, filed M y 8, 2005, the
entire contents of which are hereby incorporated by
reference. BACKGROUND OF THE INVENTION a. Field of the
Invention [0002] The invention relates to processes,
devices and systems for the highly effective and
efficient treatment of waste fluids, and in particular
for the highly effective and efficient oxidation of
contaminates in waste fluid. Oxidation reactions are
carried out in multi-stage, cocurrent, plug flow
reactors. b. Background Art [0003] Organic and
non-organic industrial, agricultural and municipal
waste materials are a prevalent and growing problem
throughout the industrialized world. For example,
industrial chemicals, pesticides, personal-care
products and pharmaceuticals have been found in
wastewater streams throughout the United States. Oil,
mining and chemical refining facilities are key
targets. These organic waste materials present
environmental hazards, especially when the waste
levels exceed EPA standards. [0004] Treating waste
materials in a wastewater or waste fluid is an area of
active study. A number of techniques have been
developed for the destruction of organic materials in
a wastefluid, several of which are discussed in
greater detail below. Although several of these
techniques have been useful in the partial destruction
of lower organic concentrations, few if any have
proven effective or efficient at treating sources with
higher concentrations of organic waste, for example
waste fluids having more than 100 mg/1 organic
contaminates. [0005] U.S. Patent No. 6,093,328
discloses the use of hydrogen peroxide and solid
particles formed between elemental iron and sulfur to
remove arsenic and total organic carbon from water.
The reaction is carried out at or below about 1000C.
[0006] U.S. Patent No. 5,928,522 discloses a process
for treating oil refining waste where large particles
and waxy materials are removed and the remaining
liquid is drawn off and centrifuged. The residual cake
is treated with hydrogen peroxide and water to form a
slurry which is heated to lOOF. [0007] U.S. Patent No.
6,251,290 discloses the use of hydrogen peroxide in a
limited Fenton reaction to treat hydrocarbon ore at
60C to 100C. This results in the partial oxidation of
the hydrocarbons. [0008] Hydrogen peroxide has further
been used in a number of applications to treat fluids
containing various waste materials. For example, in
U.S. Patent No. 6,051,145, and related U.S. Patent No.
5,888,389, a multi-stage treatment of sewage sludge is
disclosed using a first stage sub-critical pressure of
between about 3,600 psi to 4,500 psi. The second stage
is run at a higher temperature to produce super
critical oxidation conditions. [0009] U.S. Patent No.
5,240,619 discloses a process characteristic of a
super-critical oxidation. This process utilizes oxygen
containing gas and pressures well in excess of the
super critical pressure, e.g., 350 atm. The super
critical pressure is applied in a first stage reaction
at a temperature between 25O0C and 3740C. The second
stage reaction is carried out at the samepressure and
temperature between 3740C and 6000C. This results in
super critical oxidation conditions in the second
stage reaction. [0010] U.S. Patent No. 6,080,309
discloses a process for the separation of impurities
from liquids. In this process, a centrifuge is used to
achieve temperatures and pressures which are no lower
than 705.40C and 3,208 pounds per square inch. Such
conditions exceed the super critical pressure and
temperature of water. After reaching super critical
conditions, oxygen in any form is introduced into the
suspension. An oxidizing reagent such as hydrogen
peroxide may be used. [0011] The chemistry of advanced
oxidation reactions can be quite complex. [0012] U.S.
Patent No. 3,782,163 relates to aprocess for the ozone
treatment of liquid material. The process includes
introducing a major part of the liquid into a first
ozonation zone and introducing the remainder into a
second ozonation zone. The oxidation apparatus
comprises two packed columns. The packing material can
be raschig rings. The waste flow within the reactor is
countercurrent with the flow of ozone within the
reactor. The pH of the waste streams is at least about
12. The two reactors are necessary to complete the
oxidation reaction. [0013] U.S. Patent No. 4,028,246
is directed to a liquid purification system. The
system includes an airtight casing having a plurality
of panels dividing the interior on the casing into a
plurality of sections to form an ozone liquid contact
chamber. The liquid runs down the panels and casing
walls in a falling thin film. Ozone is introduced in
the casing under pressure between 2 and 10 psi. The
ozone flow contacts the liquid running over the
panels. The flow of ozone and liquid is moving from
the top of the casing to the bottom. No packing
material is disclosed. [0014] U.S. Patent No.
4,229,296 describes a wet oxidation system employing a
gas separation reactor. A waste water flow is directed
to a bottom region of a first vertically elongated
reaction zone at a first flow rate. An oxygen
containing gas is charged to a bottom region of the
reaction zone at a second flow rate. A lower liquid
phase is separated from an upper gas phase. Anaqueous
liquid effluent is removed from the middle region of a
plug flow type reaction zone wherein mixing in a
traverse reaction zone occurs but which allows for no
diffusion in the flow direction. The flow rates of the
waste water in the oxygen containing gas are not the
same. Composition of the reactant mixture varies along
the flow path. The reactor is directed to operate at
temperatures ranging from about 350 to 600 F at
pressures ranging from about 800 to 2200 psig. Waste
water contains from about 0.8 to 3 weight percent of
organic matter on a 100 weight percent basis. The
reactor does not have a diffiser plate or a series of
surfaces packed inside the reactor. [0015] U.S. Patent
5,364,537 discloses injection of hydrogen peroxide and
ozone in flow direction co-current with circulation of
water to be treated. The patent does not disclose a
packed reactor or plug flow. [0016] U.S. Patent No.
5,851,407 claims a water decontamination process. The
process 



comprises injection pressurized flow of hydrogen
peroxide and ozone in a flow of contaminated water.
The ozone and hydrogen peroxide are injected at
velocities and directions matching those of
contaminated water flow. The system for
decontaminating water includes a high intensity mixer.
The patent does not disclose a packed reactor. [0017]
U.S. Patent No. 6,024,882 is a continuation-m-part
application of U.S. Patent No. 5,85 1,407. The '882
patent discloses a process and apparatus for exposing
water to oxidizing conditions under pressure. A
combination of ozone and single dose of hydrogen
peroxide is added to the water but, under pressure, at
an acidic pH and with high intensity mixing. The
disclosure is focused on the control of bromate
contamination in the water. [0018] U.S. Patent No.
6,054,057 is directed to a method for processing a
feed material. The feed material can include an
oxidant such as hydrogen peroxide, oxygen and air. The
method includes initiating reaction by jet mixing the
feed material in a back-mixing section of a reaction
chamber, carrying out an additional reaction in the
reaction stream in a plug flow section of thereaction
chamber. Injection of feed material is through the top
of the reaction chamber. The patent does not claim
co-current flow of waste material. [0019] U.S. Patent
No. 6,214,240 discloses that reaction in an ozone
treatment using ozone mixed with hydrogen peroxide is
very complex, because many reactions simultaneously
take place and the reactions interfere with each
other. The disclosure is directed to a computer
simulation model and apparatus. It claims the use of a
mixture of hydrogen peroxide and ozone for the ozone
treatment of an effluent. Ozone concentrations are
below 300 mg/1. The process is based on a volumetric
mass transfer coefficient. The patent does not
disclose the structure of the reactor or co-current
flow of ozone and effluent. It does not teach a mass
transfer of kinetics and oxidation rate in terms of
time versus volume and time. [0020] Ozone treatment of
effluent using ozone mixed with hydrogen peroxide is a
very complex reaction. A variety of apparatus and a
variety of methods have been utilized as a result of
the complexity of the reaction process. Applicants
have advanced the treatment of such complex reaction
systems by utilizing co-current flow of fluids in the
substantial absence of back mixing during the
effective life of ozone. Applicants now describe their
invention in greater detail. BRIEF SUMMARY OF THE
INVENTION [0021] This invention relates to a reactor
for treating a waste fluid comprising reactor for
treating waste fluid with hydrogen peroxide, hydroxide
and ozone; the reactor having a series of surfaces
constructed and arranged for plug flow of fluids under
pressure; waste fluid inlet for receiving at least
waste fluid beneath a plug flow regime in the reactor
and reactant inlet for ozone located beneath the plug
flow regime; diffuser device in juxtaposition to the
reactant inlet effecting diffusion of ozone in the at
least waste fluid; the porosity of the diffuser device
and the series of surfaces effect an ozone mass
transfer coefficient between about 0.05 to about 2
secL-l; the waste fluid inlet and reactant inlet
constructed and arranged for co-current plug flow of
fluids;and outlet for treated fluid and off-gas,
ozone, and volatile organic compounds positioned above
the plug flow regime; wherein the ozone mass transfer
characteristics of the reactor substantially conform
to an effective life for the ozone, [0022] This
invention also relates to a method for treating waste
fluid comprising reacting ozone, hydrogen peroxide and
hydroxide co-currently with a flow of waste fluid
without substantial hack mixing thereof; and
maintaining a pH between about 7 and about 11 for the
fluid being treated and a pressure effective for an
ozone mass transfer coefficient between about 0.05 and
about 2 sec -l which complements an effective life of
the ozone. [0023] This invention further relates to a
method for treating waste fluid comprising feeding
under pressure a co-current segregated flow of ozone,
hydrogen peroxide and hydroxide with waste fluid into
a reactor; reacting a segregated flow of ozone,
hydrogen peroxide, hydroxide and waste fluid for an
effective life of the ozone; and recovering treated
liquid and gas from a reactor. [0024] This invention
additionally relates to a method for treating waste
fluid comprising feeding a co-current flow of waste
fluid, ozone, hydrogen peroxide, and hydroxide without
substantial back mixing into a reactor; the flow of
fluid being under sufficient pressure, temperature and
pH to effect an ozone mass transfer coefficient
between about 0.05 and about 2 secL-l which
complements an effective life of the ozone; and
recovering oxidized liquid and gas. [0025] This
invention relates to a system for treating waste fluid
comprising a hydrogen peroxide dispenser for storing
and dispensing hydrogen peroxide continuously and a
hydroxide dispenser for storing and dispensing
hydroxide continuously both into a waste fluid; an
ozone generator adapted to provide an effective amount
of ozone into the waste fluid; at least one
pressurized reactor having a series of surfaces and an
ozone diffuser for treatment of the waste fluid, the
series of surfaces and the porosity of the ozone
diffuser effecting an ozone mass transfer coefficient
between about 0.05 to about 2 secL-l; wherein the
reactor is constructed forco-current flow of the waste
fluid, hydrogen peroxide, hydroxide, and ozone without
substantial back mixing during an effective life of
the ozone; and a flash chamber at the top of the
reactor for receiving treated waste fluid and off-gas
wherein off-gas, ozone, and volatile organic compounds
are separated from treated waste fluid. [0026] This
invention relates to a reactor for treating a waste
fluid comprising reactor for treating waste fluid with
hydroxide and ozone; the reactor having a series of
surfaces constructed and arranged for plug flow of
fluids under pressure; waste fluid inlet for receiving
at least waste fluid beneath a plug flow regime in the
reactor and reactant inlet for ozone located beneath
the plug flow regime; diffuser device in juxtaposition
to the reactant inlet effecting diffusion of ozone in
the at least waste fluid; the porosity of the diffuser
device and the series of surfaces effect an ozone mass
transfer coefficient between about 0.05 to about 2
secL-l; the waste fluid inlet and reactant inlet
constructed and arranged for co-current flow of
fluids; outlet for treated fluid and off-gas, ozone,
and volatile organic compounds positioned above the
plug flow regime; and wherein the ozone mass transfer
characteristics of the reactor substantially conform
to an effective life for the ozone. [0027] This
invention also relates to a method for treating waste
fluid comprising reacting ozone and hydroxide
co-currently with a flow of waste fluid without
substantial back mixing thereof; 



and maintaining a pH between about 7 and about 11 for
the fluid being treated and a pressure effective for
an ozone mass transfer coefficient between about 0.05
and about 2 secL- l which complements an effective
life of the ozone. [0028] These and various other
features and advantages of the invention will be
apparent from a reading of the following detailed
description and review of the appended claims.BRIEF
DESCRIPTION OF THE DRAWINGS [0029] Fig. 1 is a flow
diagram for a treatment process of a waste fluid in
accordance with an embodiment of the present
invention. [0030] Fig. 2 is a diagram of a reactor for
the treatment of a waste fluid in accordance with an
embodiment of the present invention. [0031] Fig. 3 is
a diagram that illustrates a co-current flow
arrangement of the waste fluid and ozone into a
reactor in accordance with an embodiment of the
present invention. [0032] Fig. 4 is a diagram of an
off gas treatment system for the separation of treated
waste fluid from off gas and the further destruction
of the off-gas in accordance with an embodiment of the
present invention. [0033] Fig. 5 is a schematic for a
waste fluid treatment system in accordance with an
embodiment of the present invention. [0034] Fig. 6 is
a perspective view of a waste fluid treatment system
in accordance with an embodiment of the present
invention. [0035] Fig. 7 is an illustrative plot
showing acetone levels over the course of an
removal/degradation reaction in accordance with the
present invention. [0036] Fig. 8 is an illustrative
plot showing acetonitrile levels over the course of an
removal/degradation reaction in accordance with the
present invention. [0037] Fig. 9 is an illustrative
plot of indigo dye concentration as a function of
residence time in a reactor or reactor column in
accordance with the present invention. For a residence
time of 85seconds, the mass transfer coefficient was
adjusted to match the observed outlet concentration of
indigo. Concentration (gmol/1) vs time (sec). CSL-
liquid phase indigo, Co3L - Liquid phase ozone, C03g -
Gas phase ozone. [0038] Fig. 10 is a black and white
photograph of indigo dye fading reaction with ozone to
measure mass transfer coefficients in a packed column.
[0039] Fig. 11 is an illustrative plot of atmospheric
pressure ozone destruction (O3-4%) in accordance with
the present invention. Concentration (gmol/1) vs. time
(sec). CSg - gas phase organic, CSL - liquid phase
organic, CO3L- Liquid phase ozone, C03g - gas phase
ozone. [0040] Fig. 12 is an illustrative plot of
pressurized ozonation system (4% feed at 3 attn) in
accordance with the present invention. Concentration
(gmol/1) vs time (sec). CSg - gas phase organic, CSL -
liquid phase organic, C03L - Liquid phase ozone, C03g
- Gas phase ozone. [0041] Fig. 13 is an illustrative
plot detailing pressurized ozonation system (4% feed
at 3 atm) in accordance with the present invention.
Concentration (gmol/1) vs time (sec). CSg - gas phase
organic, CSL - liquid phase organic, CO3L-Liquid phase
ozone, C03g -Gas phase ozone. [0042] Fig. 14 is an
illustrative plot detailing a concentration profile
from a second reactor in series for the pressurized
ozonation system (4% feed at 3 atm) in accordance with
the present invention. Concentration (gmol/1) vs. time
(sec). CSg gas phase organic, CSL - liquid phase
organic, C03L - liquid phase ozone, C03g - Gas phase
ozone. DETAILED DESCRIPTION OF THE INVENTION [0043]
The present invention provides processes, reactors and
systems for the treatment of contaminates in a waste
fluid. The present invention provides enhanced
treatment of contaminates over other conventional
waste treatment techniques, especially where the
destruction of high levels of contaminates in a waste
fluid is required. The present inventionprovides
enhanced oxidation reaction kinetics and mass flow
transfer in order to have a waste fluid treatment
environment for highly effective and efficient
destruction of contaminates. [0044] As used herein,
waste fluids include, but are not limited to, the
following sources: waste fluids from gas and oil
related processing, including waste pits, drilling
muds and refinery waste; waste from the chemical
industry, including organic and petrochemical waste;
waste from other industrial sources, such as waste
metal, waste paint, waste solvents and waste pulp and
paper; waste from mining operations; flue gas
contaminates, for example from electrical power
generation; waste from municipal sewage; waste from
coal processing; waste from agricultural sources; and
waste from dredging operations of harbors, channels
and rivers. Several illustrative organic contaminates
found within these waste fluids include: sulfides,
disulfides, sulfites, mercaptans, mercaptans (thio),
polysulfides, phenols, benzenes, substituted phenols,
alcohols, glycols, aldehydes, ethylmercaptans,
ethylene, oils, fats and grease. [0045] Other
industrial manufacturing processes require the use of
ultra high purity water either as a direct process
fluid or as a major component of a fluid product. The
pharmaceutical electronic and electrical utilities
industries are exemplary. Use of pure water in the
pharmaceutical industry is apparent in view of the
human use of products in that industry. The
pharmaceutical industry requires use of water
essentially free from insecticides, herbicides,
chlorinated hydrocarbons, phenols, colorants, aroma
substances and flavorings and other substances harmful
or disagreeable to humans. Governments also frequently
demand from such industrial sites that harmful organic
components are removed from industrial effluents.
Similarly, treatment of dermal disorder products and
microbiocidal health and beauty care products require
the use of water and products such as creams, gels,
lotions, powders, tooth and other paste,
suppositories, body and hair shampoos and rinses, oral
hygiene rinses and other products for human use. The
electronics industry requires pure water or fluid as a
result of the continuously greater miniaturization in
the manufacture of electronic devices on
semi-conductor substrates such as crystal silicone
wafers. Impurities cause defect in devices
manufactured inthat industry, and can effect long term
reliability of the manufactured product. Impurities
such as bacteria, bacterial fragments, inert debris
and other microorganisms require treatment. The
utility industry has needs as a result of degradation
of high pressure steamed containment vessels and heat
exchangers and a variety scaling and metallurgical
problems associated with silicates and other metal
corrosion problems. Processes For the Destruction of
Contaminates Ia a Waste Fluid [0046] The processes of
the present invention are based on the treatment of a
waste fluid under 



conditions, and within an environment, that
facilitates the destruction of contaminates. This
enhanced destruction of contaminates in a waste fluid,
in accordance with the present invention, occurs by a
novel combination of increased mass transfer of the
reactants in the waste fluid and by increased reaction
rates of the reactants within the waste fluid. The
combined factors of increased mass transfer and
increased reaction rates allows for an extremely time
efficient treatment process for the destruction of up
to 99+% of contaminates, i.e. degredation of
contaminates to below 1 mg/1, in a waste fluid. [0047]
Processes of the present invention involve partial to
complete oxidation of contaminates in a waste fluid.
Oxidants for use in the invention include ozone or
ozone in combination with hydrogen peroxide. Ozone
concentrations for use in the present invention are
usually from about 4% to about 6%by weight. The dosage
of ozone can be about 1,000 g/hr. The volumetric ratio
of ozone to liquid is typically around 2:1. In
addition, where hydrogen peroxide is used in
combination with ozone, the maximal percent hydrogen
peroxide feed solution is about 30% by volume. [0048]
Processes of the present invention are typically
performed under pressures of between about one and
four atmospheres and are preferably performed at
pressures of between about one and three atmospheres,
It is noted, however, that when ozone and hydrogen
peroxide arecombined in the oxidation reactions,
reaction pressures should be kept below 5 atmospheres,
based on the data shown in the Examples. Pressure for
the reactor would be less than that which could prompt
explosive characteristics for the oxidation reaction,
particularly with regard to ozone. Note, however, that
although not optimal, slightly higher pressures could
be used in the system and embodiments of the present
invention and these pressures are envisioned to be
within the scope of the present invention. [0049]
Processes of the present invention are typically
performed in a waste fluid having a pH of between
about 7 to about 11, and usefully about 10 where the
combination of ozone is used with hydrogen peroxide.
Preferred materials for adjusting the pH of the waste
fluid includes NaOH, when the waste fluid is below 7,
and HCl or H2SO4, when the waste fluid is above 11.
[0050] In addition, process temperatures are typically
modified to be about between ambient to about 1000C.
Note that for purposes of the present invention,
ambient temperature is typically between about 2O0C
and about 3O0C, although it is noted that an ambient
temperature is the temperature of the environment or
room that exists in accordance with the present
invention. [0051] Applicants summarize certain process
parameters. K/A ranges between about 0.01 to about 2.0
minA-l, alternatively between about 0.02 to about 1.0
minL-l and usefully between about 0.05 to about 0.5
minL-l. Liquid residence time is between about 0.5 to
about 6 min, alternatively between about 1 to about 4
min, and usefully between about 1 to about 3 min. Gas
residence time is between about 0.5 to about 4 min,
alternatively between about 0.5 to about 3 min, and
usefully between about 0.5 to about 2 min. Ozone (gas)
concentrations is between about 1 mg/1 to about 300
mg/1, alternatively between about 5 to about 250 mg/1,
and usefully between about 10 to about 200 mg/1.
Organic (liquid) concentrations is from about 0 to
about 1000 ppmw, alternatively from about 0 to about
800 ppmw, and usefully from about 0 to about 600 ppmw.
Effective life of ozone is determined from an ozone
effectiveness factor. That factor is determined from a
first order decomposition rate for ozone in the water
to be treated. Typicalfactors range from about 0.05
minL-l to about 2 minL-l . Ozone looses its
effectiveness when 90+% of ozone has reacted. (0052]
The processes, reactors and systems of the present
invention are useful in the destruction, i.e., partial
to complete oxidation, of organic and/or inorganic
contaminates, i.e., up to and exceeding about 3,000
mg/1. Contaminates can be in solution or suspended as
solids within a solution. Note that processes of the
present invention can be performed and repeated until
the level of contaminates within the waste fluid is at
an acceptable, pre-determined level. Note that
embodiments of the present invention provide a
significant time benefit for the amount of time
required to treat a waste fluid, a benefit not
available with other conventional oxidation-based
technologies, i.e., destruction of contaminates in
minutes and not hours. [0053] Fig. 1 is a flow diagram
of one embodiment of the general process of the
present invention. A waste fluid is provided 100 for
treatment in accordance with the present invention.
The pH and temperature of the waste fluid is adjusted,
if necessary, to apH 101 of between about 6 and about
10, and more likely from about 8 and about 10, and to
a temperature of between about ambient temperature and
about 1000C. In embodiments of the present invention
that utilize hydrogen peroxide, the hydrogen peroxide
102 is added to the waste fluid. The waste fluid may
also be diluted with water to obtain the proper
viscosity or contaminate concentration. Each of these
reaction parameters may be monitored during the waste
fluid treatment process and further adjusted to
maintain the parameter within the appropriate range,
as described above. An appropriate catalyst optionally
may be added to the waste fluid to enhance potential
oxidation reaction rates within the waste fluid.
[0054] The waste fluid then proceeds to an oxidation
reactor 103 where ozone 104 and waste fluid are added
to the reactor concurrently or via a "co-current
flow," that is, the waste fluid and ozone move through
the reactor in the same direction. The co-current flow
of ozone and waste fluid provides maximal contact
between the contaminates in the waste fluid and the
ozone. Theco-current flow within the reactor is
substantially laminar, a plug flow of co-currently
introduced fluids. To facilitate plug flow within the
reactor, a series of surfaces are provided to limit
dispersion flow within the reactor, these surfaces
also serve as mass transfer sites within the reactor
for oxidation reactions to occur. [0055] Processes of
the present invention provide that reactor pressures
may be modified to optimize treatment of the
contaminates from between about one atmosphere and
about five atmospheres, and typically from between
about one atmosphere and three atmospheres. Treated
waste fluid 105 and gas 106 exit the reactor, where
the waste fluid may be treated in another oxidation
reactor 107 connected in series with the first
oxidation reactor. As with the initial oxidation
reactor, ozone is added concurrently to the second
oxidation reactor with the once treated waste fluid.
The processes of the present invention recognize that
the number of oxidation reactors for use with the
present invention is dependent upon the level of
contaminates within the waste fluid; a sufficient
number of reactors may be utilized to treat a
particular waste 



fluid until the contaminate level within the waste
fluid is deemed acceptable by the user. [0056] As the
waste fluid is being sufficiently treated to limit the
level of contaminates in the waste fluid, the off-gas
is treated in an off gas treatment system 108. Off gas
treatment systems of the present invention separates
entrained waste fluid from off gas, where the off gas
is further treated via bi-metallic catalytic
destruction. A further description of the off gas
treatment system is provided hereafter. Reactors For
the Destruction of Contaminates In a Waste Fluid
[0057] The present invention provides embodiments of a
plug flow reactor in accordance with the present
invention. Reactors of the present invention provide
highly effective and efficient oxidation of
contaminates in a waste fluid. Reactor designs of the
present invention are based onthe following
interrelated conditions: (1) using a plug flow or
laminar flow of the waste fluid through the reactor,
this provides for non-turbulent flow within the
reactor, i.e., as compared to dispersion flow, which
calls for turbulent flow or back mixing throughout the
reactor; (2) using pressures of between about one and
about three atmospheres within the reactor, this
facilitates bubble contact with the waste fluid by
limiting the size of the oxidant bubbles and increases
mass transfer and limits sparging of ozone and
volatile organic compounds (VOCs); (3) using a
cocurrent flow model of the waste fluid and oxidant
through the reactor, this facilitates the amount of
time that the oxidant and waste fluid are in contact
within the reactor, i.e., the waste fluid and oxidant
enter at approximately the same area of the reactor
and flow in the same direction; and (4) providing
conditions that maximize mass flow transfer within the
reactor by modifying the waste fluids pH (for enhanced
oxidation reaction kinetics), providing surface areas
for the oxidation reactions, use of the co-current
flow, use of catalysts, etc. [0058] Referring to Fig.
2, a reactor diagram is shown in accordance with the
present invention. In one embodiment, a reactor 200
includes a housing 201 with a first end 202, a second
end 203 and a middle portion 204. The housing 201
defines a chamber for containing a waste fluid and
oxidant, which typically is cylindrical in shape. The
inside chamber wall is typically smooth to limit the
formation of turbulent flow conditions within the
location of the reactor housing, but rather represent
the zones found at typically opposite locations of the
housing. An inlet port 205 is located toward or at the
first end of the housing and an outlet port 206 is
located toward or at the second end of the housing.
The inlet port receives pH adjusted waste fluid.
Hydrogen peroxide also may be combined with the waste
fluid. Gas inlet port 207 is used to introduce ozone,
its precursors and reaction complements to reactor
200. The outlet port at the opposite end of the
reactor releases treated waste fluid from the reactor.
The inlet and outlet port can be located at the first
and opposite ends respectively, but alternately can be
located elsewhere in the reactor or otherwise
associated with the reactor commensurate with the
reaction mechanism. Also note that although only one
inlet and outlet port are disclosed in Fig. 2, it is
envisioned thatmultiple ports can be included in the
housing as long as the reactor comports with the
functions discussed above, especially in relation to
the co-current flow and plug flow of waste fluid
through the reactor. [0059] A diffuser device 208 is
located in the middle portion 204 of the housing 201
between the first 202 and second 203 ends. The
diffuser device 208 conforms to the shape of the
chamber walls so as to form a barrier within the
chamber between the first and second ends of the
housing. [0060] The diffusion device 208 is a diffuser
plate having a plurality of small openings for release
of ozone gas into the waste fluid. Diffuser plates can
be a screen or made of sintered metal, ceramic or
other material. The diffuser device 208 is logically
located approximate to the bottom end of the reactor.
The plate can be sintered material with porosity
between about 0.2 and about 100 microns of about 5 to
about 20 microns with 10 microns being useful. [0061]
The middle of the reactor 204 is typically packed with
a series of surfaces, usually a series or arrangement
of Raschig rings or similar articles known in the art
to provide surfaces for the oxidation reactions and to
facilitate and promote plug flow of fluid through the
reactor. [0062] It is also envisioned that in
embodiments of the present invention, a diffuser
device would not be located within the housing of a
reactor. Rather, ozone would be diffused into the
waste fluid just prior (outside) to entrance into the
reactor (not shown). A device such as an eductor or
other like device can be used to diffuse the ozone
into the fluid. These reactor embodiments therefore,
would include a single chamber for performing the
processes of the present invention, there being no
requirement for a diffuser device. Other like devices
can also be used to accomplish ozone diffusion into
the waste fluid wherein such devices effect the
reaction kinetics, reaction rates and efficiencies,
residence time, flow dynamics, mass transfer and
gas/liquid interface characteristics according to the
present invention.[0063] Figure 3 shows an
illustrative embodiment of a reactor having an inlet
port 300 located at a first end of the reactor. A
module 301 is positioned within the reactor for
receiving ozone. The outside wall of the module forms
an annular zone inside the reactor. Untreated waste
fluid is more uniformly distributed within the reactor
by baffle 302 and over the module wall. A packing
screen keeps Raschig rings from entering the module or
annular zone. [0064] Ozone is received in the module
through inlet port 303. A diffuser device 304 releases
small bubbles of ozone into the passing waste fluid in
a co-current flow. The co-current flow inlet
arrangement maximizes plug and co-current flow of the
waste fluid and ozone throughout the reactor. The
embodiment minimizes turbulence of the waste fluid
above the diffuser device. [0065] Packed Raschig rings
provide numerous surfaces or a series of surfaces for
the mass flow transfer reactions of the present
invention as well as facilitate plug flow of the waste
fluid and ozone gas through the reactor. Other like
materials can be used in place of the Raschig rings.
[0066] The following parameters illustrate the present
invention. The reactor is designed to have the waste
fluid reside within the reactor housing for less than
five minutes, the flowrate through the reactor is
about 5-50 gallons per minute. An example for a lOgpm
reactor, the reactor housing would be about 25 cm in
diameter by eight feet in length. The reactor would be
packed with 0.5 inch ceramic Raschig rings. [0067] In
another embodiment, reactors of the present invention
are connected to an off gas treatment system 400. As
shown in Figure 4, the off gas treatment system 400 of
the present invention has a flash chamber 401 in gas
communication with a bimetallic catalyst treatment 



chamber 402. [0068] Flash chamber embodiments of the
present invention include a treated waste water inlet
403, an outlet 404 for waste water that has been
substantially separated from gas within the treated
waste fluid, a barrier 405 to facilitate release of
the gas from the treated waste fluid, andan off gas
outlet 406 for release of off gas from the flash
chamber and into the bimetallic catalyst chamber 402.
The system can include a back pressure regulator 407,
a condensate trap 408 and a dehumidifer 409. [0069] In
more detail, the flash chamber 400 receives treated
waste fluid from a reactor or reactors. The treated
waste fluid enters the chamber through an inlet 403.
The inlet 403 is in fluid communication with the
outlet port (not shown in this figure) of the reactor.
Waste liquid is separated from gas. Gas is available
for release from the flash chamber into a bimetallic
catalyst treatment chamber. [0070] Other devices can
be used in place of the flash chamber for separating
bubbles out of liquid, for example, a scrubber. [0071]
Off gas treatment in the bimetallic catalyst treatment
chamber is accomplished by contact of the off gas with
a combination of bimetallic catalyst, for example, a
bimetallic combination of platinum (Pt) and palladium
(Pd). Other bimetallic combinations or metallic
material are envisioned for use within the present
invention. Off gas is heated to about 150C in the
bimetallic catalyst treatment chamber. Systems For the
Destruction of Contaminates In a Waste Fluid [0072]
The present invention provides embodiments of waste
water treatment systems in accordance with the present
invention. Treatment systems of the present invention
provide cost effective treatment, especially in
relation to conventional techniques, of contaminates
in a waste fluid. Treatment systems of the present
invention provide the combination of devices necessary
to practice process embodiments of the present
invention and incorporate the reactor embodiments of
the present invention.[0073] The systems (and
processes) of the present invention can be designed as
stand-alone units, i.e., provided at the source of the
waste fluid and release treated waste fluid into a
predetermined site. However, the systems of the
present invention may also be adapted for use with
existing water treatment facilities or plants as a
"turn-key" or "bolt-on" process that, for example,
focus on the removal of bacteria and particulates
from.a water source. As such, the present invention
may be added to existing water facilities as a first
treatment, intermediate or final step to destroy
contaminates within the waste fluid prior to treatment
of the waste fluid within a waste treatment facility.
Note also that the systems of the present invention
are portable and can be designed for transport in
trailers or other like platforms to contaminated
sites, for example to a well located in a high organic
contaminated ground water area. [0074] Referring to
Figure 5, a system 500 is shown in accordance with the
present invention. In one embodiment, waste fluid can
be stored 502 or obtained from a source. Typically,
waste fluid for treatment by systems of the present
invention can have contaminate levels as low as 1 mg/1
and as high as 3,000+ mg/1. Note that any level of
contaminates in a waste fluid can be treated by the
systems of the present invention, where additional
capacity, i.e., reactors, can be added to a system in
accordance to the amount of waste fluid to be treated,
the time requirement for the treatment of the waste
fluid, and the contaminate levels within that waste
fluid. As such, a system designed to treat a lower
level of contaminates may only require one or more
in-series reactors whereas a system may also be
designed to treat a higher level of contaminates by
placing up to six reactors in the system in series.
[0075] Waste fluid is pumped by a pump 504 to a mixing
vessel 506. In one embodiment of the system, hydrogen
peroxide is stored in a storage vessel 508 for
addition via a pump 510 to the waste fluid in the
mixing vessel 506. Mixed waste fluid is monitored for
pH and appropriate amounts of either sodium hydroxide
512 (or other like base) or hydrochloric acid (or
other like acid) are added to the fluid 514 to
maintain a pH of between 7 and 10, and alternately
between 8 and 10 within the waste fluid. Temperature
of the waste fluid is -deleted- between aboutambient
temperature and about 1000C. If temperature adjustment
is needed a heat/cold device can be used (not shown).
[0076] Optionally, a control panel 516 monitors and
controls the amount of waste fluid passing through the
system, the amount of hydrogen peroxide added to the
waste fluid, the temperature of the waste fluid,
and/or the pH of the waste fluid. As discussed in
greater detail below, the control panel also offers
monitoring and control over the addition of ozone from
an ozone source 518, via an ozone generator 520, to
the waste fluid. An instrument panel 522 can provide
the system operating parameters for visual inspection.
[0077] Temperature, pH and hydrogen peroxide adjusted
waste fluid moves through the monitoring point 524,
where the waste fluid parameters are displayed on the
instrument panel 522. Data from the monitoring point
is relayed to the control panel for either automatic
or manual mediated control over the parameters. For
example, waste fluid that passes the monitoring point
with a pH of 5 will indicate to the controller at the
control panel 516 to increase the amount of base added
to the waste fluid. [0078] (No Drawing with 500+
numbers) The waste fluid then moves to a first reactor
526. As discussed in detail above, the waste fluid
enters the reactor at a first end 528, the first end
logically located at the bottom of the reactor. Ozone
518 is added to the waste fluid either just prior to
entering the reactor 526 or via an inlet 530 into the
reactor located at a point to maximize the concurrent
flow of the waste fluid and ozone through the reactor.
Treated waste fluid exits the first reactor via a
second end 532, the second end logically at the top of
the reactor. Treated waste fluid can optionally be
treated in a off gas treatment system, as illustrated
by arrow 534 (Offgas Treatment). [0079] A sampling
point 536 is optionally located in-line with the
treated waste fluid from the first reactor. Systems of
the present invention are designed to incorporate as
many in-series reactors as are required to destroy the
contaminates present in the waste fluid. Waste
fluidtreated in the first reactor would next be
received at a first end 538 of a second reactor 540 ,
and as above, a fresh supply of ozone would be added
to the waste fluid to maximize concurrent flow of
ozone and waste fluid through the second reactor.
Third 542 and fourth 544 reactors are shown with
appropriate sampling points 546 to illustrate that a
plurality of reactors may be 



incorporated in-series for the treatment of waste
fluids. Once waste fluid has been treated and the off
gas destroyed via an offgas treatment system (see
above), the waste fluid is exited from the system for
downstream use, or alternative treatment, for example
the treatment of the waste fluid for destruction of
bacteria. [0080] Determination of the number of
reactors can be determined via computer modeling under
conditions as described in Example 3. In addition,
system parameters for a particular waste fluid source
may be determined through experimentation and pilot
based trial runs to optimize system parameters. [0081]
Note that additional ozone and hydrogen peroxide may
also be added to the waste fluid in-between each
reactor or alternatively every other reactor run (not
shown in Figure 5). In this way, ozone and hydrogen
peroxide concentrations can be maintained at the start
of each reactor run. [0082] The invention will now be
described with respect to its operation according to
the present invention utilizing the present apparatus.
Fig. 1 shows a flow diagram of the present invention.
Contaminated water in unit 100 is pumped to the
reactors. Containers 101 and 102 supply a pH
adjustment vehicle, for example, hydroxide, and
hydrogen -peroxide to the contaminated water to
facilitate treatment in reactor 103. Ozone is supplied
to a desired reactor from supply unit 104. These
fluids, that is, the liquid and the gas enter
co-currently to reactor 103. Gas is disbursed in
liquid and the fluid flows through the center of the
reactor column. Liquid is separated from the gas.
Liquid exits the reactor at 105 and gas exits the
reactor at 106. Gas can exit to the atmosphere or be
recycled for use in the reaction while condensate is
collected. Multiple unitsare envisioned but the number
of units is reduced compared to known processes as a
result of the improved efficiency of the reaction.
Effluent from outlet 105 can be processed in a series
of reactors in sequential fashion. The ozone can be
supplied to such reactors in parallel as shown in Fig.
1. Substantially contaminant free effluent can be
collected at unit 109. [0083] The reactor is depicted
in detail in Fig, 2. Contaminated waste water
containing hydroxide and hydrogen peroxide enter
beneath the baffle plate facilitating its
distribution. Ozone enters a diffusion device 208
through inlet 207. The contaminated waste water and
additional components combine with the diffused ozone
uniformly in the manner which avoids back mixing. The
diffusion device includes a porous portion having a
porosity in microns facilitating an increase in the
interfacial surface of the bubbles developed by the
gas passing through it. Such a portion can be made of
metal or ceramic sintered or otherwise constituting
the diffuser. The combination of fluids proceeds
through the reactor in plug flow. Fig. 10, discussed
in greater detail hereafter, pictures that flow
through the reactor column. As shown, it is
substantially horizontal in cross section passing from
bottom to top of the reactor column. This shows the
substantial absence of back mixing which defines the
plug flow regime through the central portion of the
reactor 204. Fig. 10 shows laminar flow of the
combination but also plug flow of the combination. The
combination has a uniform horizontal movement of the
combination of liquid and gas and that horizontal
uniformity continues vertically through the reactor.
[0084] The reactor has a series of surfaces which
facilitates this plug flow. The residence time of the
combination is increased and the reaction is thereby
facilitated. The series of surfaces can be raschig
rings or equivalents therefore. [0085] The reactor is
typically under pressure and that pressure is less
than 3 atm. The pressure increases the gas holding
time, reduces ozone bubble size, increases oxidation
reaction kinetics, and reduces the ozone and the VOC
stripped out of the liquid. This reaction occurs
during theuseful life of the ozone which necessitates
ozone mass transfer characteristics to conform to that
lifeftime. The inter-relationship of foregoing
characteristics permit the physical size of the
devices to be substantially reduced compared to that
used in conventional treatments. Thereafter, gas and
liquid are separated. Off gas exits at 206 and treated
water exits both beneath it. [0086] Pressure increases
the gas holding time, reduces ozone bubble size,
increases oxidation reaction kinetics, and reduces the
ozone and the VOC stripped out of the liquid. This
reaction occurs during the useful life of the ozone
which necessitates ozone mass transfer characteristics
to conform to that lifetime. The inter-relationship of
foregoing characteristics permits the physical size of
the devices to be substantially reduced compared to
that used in conventional treatments. Thereafter, gas
and liquid are separated. Off gas exits at 206 and
treated water exits 209 both beneath it. [0087] Fig. 3
shows the diffuser device which includes hi that
figure a sintered metal ozone diffuser plate. This
exploded view of the schematic representation of the
diffuser device 208 in Fig. 2 shows waste fluid
hydrogen peroxide and hydroxide or caustic entering
beneath a baffle 302 which facilitates uniform
dispersion of that liquid combination. Fig. 3 further
shows ozone inlet 303 which enters a conical portion
having the baffle 302 attached to it and the diffuser
plate sitting thereabove enclosing the end of the
device. The device coordinates the movement of fluid
and gas bubbles as they enter the reactor and proceed
through the center portion of the reactor. A system
layout and commercial systems are shown in Figs. 5 and
6 respectively. Figs. 7 and 8 show the percent
reduction of contaminants to be on the order of about
99%. [0088] The present invention is directed to the
aqueous phase oxidation of organic aqueous
contaminants with minor transfer of contaminants to
the gas phase. The present invention achieves this
oxidation through a mixed phase (gas-liquid)
co-current, plug flow reactor for ozonation reactions.
This contacting method reduces the size of the reactor
required by 1 to 2orders of magnitude over known
systems. The packing material of the column enhances
the gas liquid mass transfer rate to be comparable to
the rate of the oxidation reactions. Where more than
one reactor is utilized, each individual reactor is
co-current, with several reactors in series to achieve
complete degradation of the organic. Gaseous ozone is
added in parallel to each reactor with the liquid
flowing through each reactor in series. This creates a
unique cross flow type of reaction geometry. The
liquid residence time in each reactor has been scaled
to the useful lifetime of the dissolved ozone,
approximately 2 to 3 minutes. Computer simulations of
the systems indicate that the optimal useful ozone
concentration is 5 to 7 volume percent and the system
can be pressurized to about 3 atmospheres absolute
(about 43 psia) to enhance 



performance. Use of pressurized ozone reduces gas
phase stripping of organic contaminants. Use of air
tends to enhance stripping of volatile organics. Gas
to liquid volumetric ratio of about 2:1 is useful to
reduce stripping of the organics from water. The use
of dilute hydrogen peroxide (0.5% to 3%) will enhance
by about 20 to 50% the degradation rate. Typically,
this is most effective if the pH of the water is
mildly basic about pH equal to 10. [0089] As
mentioned, the chemistry of advanced oxidation
reactions can be quite complex. Rate constant for the
entire network of reactions is virtually impossible to
decipher. Applicants do not wish to be bound by a
particular mechanism for the present invention. They
purport that an integration of the proper set of
process parts, contacting patterns, residence times,
have a developed an integrated system which makes use
of ozone and peroxide far more effective than that
known. [0090] The mass transfer coefficient is
typically described as a Kl*A, where the Kl term is
the transfer rate per unit of interfacial area per
unit time (i;e. - l/meter L2*min). The A term is the
interfacial surface area in a given volume of reactor
(meters/meter^). When multiplied times the
concentration difference across the interface
(concentration in the gas - concentration in the
liquid), the mass transfer rate is obtained
(moles/min) from one phase to the other. The mass
transfer rate can be increased by producing more
interfacial area (e.g.- smaller bubbles, high
areapacking), the concentration in the gas phase, or
by changing Kl via more mixing or higher fluid
velocities. The present invention currently achieves a
KlA of approximately 0.01 to 0.5 min L- l using
Raschig ring packing, but with other, higher
efficiency packings, one might get as high as 2 min
L-l. This higher rate is comparable to the rate of the
ozone reactions themselves, past which point
increasing the mass transfer coefficient doesn't
necessarily help. In other words, the present reactor
is still mass transfer limited, but not by a
significant amount. This is an advantageous region to
operate in. Secondly, the residence time (which is
directly tied to the flowrate) maybe adjusted to most
advantageously fit the overall rate of mass transfer
and reaction. Whereby if all of the ozone is depleted,
the reaction come to a halt. This is overcome in the
present system by using a parallel addition of the
ozone to reactors in series. These advantages can be
accomplished in other types of reactors, but usually
at the cost of plug flow, which is equally or more
important. [0091] The present system has an ozone mass
transfer coefficient (K1) of 0.05 to about 2 1SeC.
This represents ozone transfer in moles/min and
consequently a rate of the oxidation reaction. This
level of transfer and reaction rate determines reactor
size and detention time in the reactor. This results
in a significant increase in the present system
efficiency. Where mass transfer is based on volume,
transfer of ozone is in liters into a liquid in
liters. This approach assures an adequate level of
ozone for oxidation but does not reflect the rate of
oxidation. The following relationship is responsible
for improved ozone mass transfer based on reaction
rate (time): 1. In the present system, the reactor
packing serves to improve the contact of ozone bubbles
and liquid by creating good local contact and shear
along the packing surface without creating back
mixing.2. In increasing the gas-liquid interfacial
area by making small ozone bubbles by the porous
diffuser plate at the bottom of the reactor and the
elevated pressure in the reactor. The packing keeps
the bubbles from growing in size and a wet surface for
bubbles to pass over. 3. The ozone mass transfer can
be increased by maximizing the difference across the
gasliquid interface. The present system does this by
operating at an elevated pressure. [0092] Viewing Fig.
10 which displays plug flow, visual observation of
that experimentation forms a basis to say that the
reactants move homogenously and vertically through the
reaction column in cross section. This flow emanates
from the combination of components established by the
manner in which the components are introduced in the
reactor. This suggest that components move through the
reactor uniformly from the time of their introduction.
The combination of components enhances the interfacial
area which traverses through the series of surfaces or
packing in the reactor. The dynamics of the reactor
appears to permit maintenance of the interfacial area
and localization of the reaction between gas and
liquid from the time of introduction to the reactor.
There appears to be a timing and rhythm during travels
of gas and liquid through the reactor. Reaction rate
appears enhanced and residence time is increased
during the effective life of the ozone. The mass
transfer rates utilized in this invention suggest the
improved efficiency. The dynamics in apparatus
essentially avoid back mixing and recombination or
coalescence of gas bubbles in the reactor. [0093]
Having generally described the invention, the same
will be more readily understood by reference to the
following Examples, which are provided by way of
illustration and are not intended as limiting.
EXAMPLESExample 1: Combination of hydrogen peroxide
and ozone in waste fluid partially reduces the organic
waste in a waste fluid [0094] The following example
illustrates the effectiveness of the methods and
compositions of the present invention for treating a
waste fluid. Note that the present example utilizes
subcritical temperatures and pressures to obtain large
decreases in the amount of organic contaminants from a
starting waste fluid. Note also that relative to the
amount of oxidizing agents used in connection with the
present invention, large decreases in organic
materials from the waste fluid is achieved. Such
dramatic results are attributable to the formation of
hydroxyl radicals in waste fluid that have enhanced
reactivity with the organic contaminates in the waste
fluid. [0095] Liquid chemical waste obtained from a
chemical plant, having approximately 760 mg/1 acetone
and 2,100 mg/1 acetonitrile, was treated with hydrogen
peroxide and then ozone added over a period of three
hours. Samples were taken every hour to determine
concentrations of acetone and acetonitrile over the
course of the oxidation reaction. Results indicated
that the combination of ozone and hydrogen peroxide
were effective at causing oxidation of acetone and
acetonitrile in the waste fluid. [0096] In more
detail, tests were initially performed on the
untreated waste fluid to ensure that 



other known organic contaminates were not present, as
organic contaminants could interfere with the
interpretation of the oxidation data specific for
acetone and acetonitrile. Gas chromatography and mass
spectrometry confirmed that no other tested organic
contaminant (35 were tested) was present in any
substantial amount in the waste prior to treatment
using the methods and compositions of the present
invention (data not shown).[0097] Hydrogen peroxide
was added to the chemical waste and allowed to
equilibrate. The waste was tested at ambient
temperatures at approximately 1 atmosphere of
pressure. A flow of ozone was introduced into the
bottom of the vessel containing the peroxide treated
waste. The ozone entered through a plurality of
openings in the bottom of the vessel, thereby
increasing the effective concentration of the ozone in
relation to the peroxide treated organic contaminants.
The pH was maintained throughout the run at between 4
and 8. [0098] As shown in Table 1, compositions and
conditions of the present invention are highly
effective at oxidizing organic contaminants, e.g.,
acetone and acetonitrile, in a waste fluid. Under the
limited and preliminary design parameters of the
present example, approximately 30- 50% oxidation was
achieved. Based on extrapolation of these results, it
is highly likely that a continuous process in
accordance with the present invention could achieve
almost up to 99+% oxidation in a relatively short
amount of time, .i.e., even as little as five minutes
or less. Table 1: Oxidation of Acetone and
Acetonitrile (Partial Reduction) [0099] The preceding
results illustrate the utility of the invention for
dramatically decreasing the level of organic
contaminants within a liquid waste sample. The results
show that temperaturesand pressures as low as 30-400C
and 1 atmosphere can be used effectively with hydrogen
peroxide and ozone to produce high levels of oxidation
of chemical contaminants. These conditions show
conditions that favor oxidation of organic
contaminates within the waste fluid. Example 2:
Hydrogen Peroxide and Ozone Achieve Total Reduction In
Waste Fluid Levels of Acetone and Acetonitrile [00100]
The following example illustrates the effectiveness of
the methods and compositions of the present invention
for treating a liquid waste having high levels of
acetone and acetonitrile. As in the previous two
examples, the present example utilizes sub-critical
temperatures and pressures to obtain near total
reduction in the amount of measured contaminates from
a starting waste fluid. In addition, the present
results support a conclusion that embodiments of the
present invention, using continuous flow conditions,
would achieve near total oxidation of contaminates
within a waste fluid in much faster tunes than
achieved using conventional technologies. [001 01]
Seven liters of liquid chemical waste was obtained
from a chemical plant, the waste having approximately
750 mg/1 acetone and 2,100 mg/1 acetonitrile. The pH
of the waste was maintained at about 7.5 at an ambient
temperature. The chemical waste was continuously
injected with ozone (see Tables 2 and 3). Due to the
limitations in this lab-scale reaction, only a certain
amount of ozone could be injected in any given period
of time. The known flow of ozone gas was injected into
the known volume of waste fluid. The concentration of
ozone in the "off' gas was measured. The difference
between the input and off gas ozone was the actual
ozone consumed in the reactor. [00102] Acetone and
acetonitrile within the liquid chemical waste were
destroyed by the consumed ozone. A primary design
factor for this example was that the amount of ozone
consumed in destroying the acetone and acetonitrile
was determined to be the amount measured from an
initial level, i.e., 750 and 2,100, to a desired or
optimal level. Depending on the level ofacetone and
acetonitrile in the liquid chemical waste, the
required amount of ozone was applied to the reactor in
a matter of a few minutes or over many hours. [00103]
The data in Table 3 shows a compilation of raw data
points shown in Table 2. Data from Table 2 is shown as
Figures 12 and 13. Note that the raw data shown in
Table 3 is obtained from a series of four runs under
the conditions described above and indicated within
the Table 2. Table 2: Raw Data For Oxidation of
Acetone and Acetonitrile (Example 3)METHOD TO IMPROVE
DIELECTRIC AND/OR DISSIPATION FACTORS OF FLAME
RETARDANTCOMPOSITIONS FIELD OF THE INVENTION The
present invention related to a method for producing
submicron-sized flame retardant compositions. More
particularly, the present invention relates to a
method for producing submicron-sized flame retardant
compositions having improved .dielectric constant
and/or dissipation factors. BACKGROUND OF THE
INVENTION With the passage of time, the demand for
smaller and smaller electronic devices has increased.
Further, the demand for increased speed and frequency
operation ranges from these electronic devices has
also increased. These demands have led to smaller
electronic parts and smaller electronic circuit boards
on which these parts are mounted. Electronic circuit
boards, or printed wiring boards as they are commonly
called, are generally made up of layers that include
copper skeleton materials and resin materials such as
polyimides, cyanate esters, unsaturated hydrocarbons,
etc., which act as insulating materials. These resin
materials also typically contain flame retardant
compositions to improve the printed wiring boards'
resistance to fires. During their use, electronic
parts typically undergo transmission loss, known as
dissipation loss or factor, and this transmission loss
is undesirable because it results in energy waste from
the electronic parts in the form of heat and can
result in heat buildup in the electronic part. In
order to reduce transmission loss, it is necessary to
lower the dielectric constant and dielectric loss
tangent. Further, electronic parts are also selected
based on their dielectric constant, or the ability to
store an electrical charge. In most applications in
thehigh speed and/or high frequency areas, electronic
parts that possess low dielectric constants and/or
dissipation factors are desired. Thus, there has been
a push in the electronics industry to produce
electronic parts and electronic components and printed
wiring boards with reduced dielectric constants and
dissipation factors. In this regard, a flame retardant
composition incorporated into the resin used to create
higher speed, higher frequency printed wiring boards,
whether flexible, rigid, or otherwise, should also
posses a reduced dielectric constant and/or
dissipation factor when compared to flame retardant
compositions used in this and other applications with
lower 



dielectric and dissipation factor requirements. Thus,
there is a need in the art for flame retardant
compositions and methods of making the same that
posses these qualities. SUMMARYOF THE INVENTION The
figure is a graph depicting the particle size data for
various grinding times, as indicated in the Figure.
SUMMARYOF THE INVENTION The present invention relates
to a method for making flame retardants with improved
dielectric and/or dissipation factors. The method
comprises: a) combining a flame retardant composition,
a liquid, and optionally a surfactant to form a
suspension; b) grinding said suspension under
effective grinding conditions thereby producing a
ground product comprising a submicron flame retardant
product having an average particle size in the range
of about lOOnm to about 800nm and said liquid, wherein
said effective conditions are those conditions under
which at least aportion of any impurities present in
the flame retardant composition are extracted into the
liquid; c) separating the submicron flame retardant
product and liquid; and d) recovering the submicron
flame retardant product. DETAILED DESCRIPTION OF THE
INVENTION The present invention relates to a method
for making flame retardants with improved dielectric
and/or dissipation factors. In the practice of the
present invention, a flame retardant composition is
combined with a liquid to form a suspension. Flame
retardant compositions suitable for use in the present
invention include any and all flame retardants used in
the production of printed wiring boards. Non-limiting
examples of suitable flame retardant compositions
include Saytex(r) 8010 and Saytex(r) BT-93W, both
available commercially from the Albemarle Corporation.
It is preferred that the flame retardant be one that
is brominated. In some embodiments, it is within the
scope of the present invention that the flame
retardant further contain at least one of phosphorus,
nitrogen, aluminum, magnesium, or silicon. Liquids
suitable for use herein can be selected from water;
organic solvents such as toluene, xylene, acetone;
alcohols such as isopropanol; and the like. It should
be noted that these liquids are not effective at
solubilizing the flame retardant and are selected
based on this property. Thus, combining the liquid and
flame retardant creates a suspension, i.e. the flame
retardant composition is suspended in the liquid.
Optionally, the liquids may be combined with
surfactants to boost the performance of the grinding.
Suitable surfactants can be any known in the art to
boost the effectiveness of grinding operations that
produce submicron particles, i.e. ballgrinding, etc.
Non-limiting examples of suitable surfactants include
those marketed commercially under the name
Solsperse(r) and Disperbyk(r). The suspension is
ground under effective grinding conditions thereby
producing a ground product comprising a submicron
flame retardant product having an average particle
size in the range of from about lOOnm to about 800nm,
preferably ranging from about lOOnm to about 500nm and
the liquid. The method by which the suspension is
ground can be selected from any suitable wet-grinding
technique such as ball-grinding. Ball grinding is the
preferred method, and typically involves using a
circulating system containing small glass, ceramic,
polyurethane, or metal beads as small as 0.1 microns
to grind particles into smaller particles. Effective
grinding conditions are those conditions under which
at least a portion of any impurities present in the
flame retardant composition are extracted into the
liquid. These conditions generally include
temperatures ranging from about 1O0C to about 8O0C,
preferably from about 2O0C to about 4O0C. Effective
grinding conditions also include grinding chamber
pressures ranging from about 0.5 bar to about 10 bar,
preferably ranging from about 0.5bar to about 1.5 bar.
While not wishing to be bound by theory, the inventors
hereof believe that all flame retardant compositions
contain a level of impurities that do not affect the
performance of the flame retardant, but which do
negatively affect the dielectric constant and/or
dissipation factor of the flame retardant. The
inventors hereof believe these impurities are
typically organic and or inorganic compounds such as
trace amounts of the compounds used to prepare the
flame retardant composition, by-products resulting
from the formation reaction, color bodies, etc. Thus,
the grinding of the suspension is conducted under
conditions effective at extracting atleast a portion,
preferably substantially all, of any impurities
present in the flame retardant composition therefrom.
The ground product is then separated into the
submicron flame retardant product and liquid. The
method by which the submicron flame retardant product
and liquid are separated is not critical to the
instant invention and can be selected from any
techniques known to be effective at separating
submicron-sized particles from liquids. Non-limiting
examples of suitable techniques include filtration,
decantation, evaporation, distillation, and the like,
preferably filtration and decantation. It should be
noted that in some embodiments, only a portion of the
liquid is removed from the ground product, thus
producing a suspension comprising the flame retardant
product and liquid. This suspension can then be
formulated into a thermoset product by blending with a
suitable resin. It should be noted that in this
embodiment, the liquid used ion the grinding must be
one that is compatible with the resin used in
producing the thermoset product. Non-limiting examples
of this embodiment include, if toluene is used as a
solvent in the production of the thermoset product,
then the liquid used in the grinding of the flame
retardant will be toluene. The submicron flame
retardant composition is recovered or further
processed in a resin formulation. This flame retardant
composition possesses dielectric constants and or
dissipation factors superior, i.e. lower, to those of
the initial flame retardant composition. The
dielectric constant and/or dissipation factor of the
submicron flame retardant is 



generally about 0.01 lower than that of the initial
flame retardant, preferably about 0.01% to about
99.99% lower. In some embodiments, the dielectric
constant and dissipation factor are in the range of
from about 1% to about 5% lower than that of the
initial flameretardant; in other embodiments, in the
range of from about 1% to about 10% lower than that of
the initial flame retardant; in other embodiments in
the range of from about 1% to about 15% lower than
that of the initial flame retardant; in other
embodiments in the range of from about 1% to about 20%
lower than that of the initial flame retardant; in
other embodiments in the range of from about 1% to
about 30% lower than that of the initial flame
retardant; in other embodiments in the range of from
about 1% to about 40% lower than that of the initial
flame retardant; in other embodiments in the range of
from about 1% to about 50% lower than that of the
initial flame retardant; in other embodiments in the
range of from about 1% to about 75% lower than that of
the initial flame retardant. The above description is
directed to several means for carrying out the present
invention. Those skilled in the art will recognize
that other means, which are equally effective, could
be devised for carrying out the spirit of this
invention. It should also be noted that preferred
embodiments of the present invention contemplate that
all ranges discussed herein include ranges from any
lower amount to any higher amount. For example, when
discussing the dielectric and/or dissipation factor,
it is contemplated that both or either be within the
range of from about 5% to about 50%, within the range
of from about 15% to about 30%, within the range of
from about 5% to about 75% to about 99%, within the
range of from about 0.01% to about 5%, etc. The
following examples will illustrate the present
invention, but are not meant to be limiting in any
manner. EXAMPLES In order to prove the effectiveness
of the present invention, Saytex(r) BT-93W flame
retardant having a dielectric constant of 1.42 and a
dissipation factor of 0.42, asmeasured on the dry
powder by MET Laboratories, Inc., was wet-ground using
a ball grinder. 1 kg of Saytex(r) BT-93Wwas mixed with
2 kg of acetone and placed in a Netzsch Fine Particle
Technology, LLC LS 1 Zeta ball grinding apparatus,
which contained 460 ml of 0.2mm ceramic bead grinding
media. The cycle time for the flame retardant was
about 8 minutes. After the first five minutes of
grinding, the viscosity of the materials in the
grinding apparatus appeared to increase. After about
40 minutes of grinding, 300 g of acetone was added to
lower the viscosity of the circulating paste. After
about 90 minutes of grinding, 300 g of acetone was
added to decrease viscosity. After 120 minutes of
grinding, IL of acetone and 150 g of isopropyl alcohol
was added to minimize flocculation and improve
viscosity. The data in Table 1 show that mean particle
size can be targeted based on grinding time. The plots
in Figure 1 show that the particle size distribution
is also influenced by grinding time and appears to
level off between 60 and 90 minutes of grinding time.
These results could possibly be improved by decreasing
the suspension viscosity by better choice of liquid
medium, addition of effective surfactants or
dispersing agents, increasing grinding temperature,
decreased cycle time, etc. The grinding times, etc.
are contained in Table 1, below. Table 1 Mill size LS
1 Zeta shaft 55 chamber 55 screen size 0.06 pump type
hose (Si) motor Hp 5 Motor kW 3.7 FLA 6.5 Mill Volume
0.54 Shaft Dia. 74 No Load 0.8solvent acetone notes
viscosity build within 5 minutes Recirc. Time (min) 0
30 60 90 120 150 Media type YTZ media size (mm) 0.2
media charge (mL) 460 sp. Gravity 1 solids (%) 1.1
solvent (%) 2 + 30Og + 30Og + 1L, 15O g IPA batch size
(kg) 3.1 3.1 3.4 3.4 3.7 4.6 chamber pressure (Bar)
0.5 1.3 1.2 1.3 1.3 0.8 Power consump. (kW) 1.7 1.7
1.5 1.5 1.5 1.5 Agitator speed (rpm) 2640 3050 2930
2943 2945 2841 recirc. Rate (kg/min) 0.48 0.48 0.4 0.4
0.4 0.45 pump rpm 160 160 160 160 160 160 outlet temp.
(degC) 23 4 1 40 4 1 40 37 chill water in temp (degC)
4 4 4 4 4 4 chill water out temp (degC) 5 7 7 7 7 7
chill water flow (L/min) 12 12 12 12 12 12 Outlet
viscosity (Cps) >20,000 >20,000 >20,000 >20,000
>20,000 The grinding of the flame retardant continued
for about 60 minutes for a total grinding time of
about 150 minutes. At various time intervals, the
particle diameters were analyzed using a Horiba laser
light scattering diffractometer. The results of these
measurements are contained in Table 1, below. After
about 150 minutes, the grinding was ceased. The
contents of the grinding 



apparatus were removed, and the acetone solvent was
decanted. The acetone had turned orange in color and
was concentrated by evaporation and analyzed via gas
chromatography ("GC") and mass spectral ("MS")
analysis. The GC/MS analysis revealed the presence of
tetrabromophthalic anhydride, tribromophthalimide, and
other brominated organic impurities. Silver nitrate
titration (see Albemarle Analytical Method attached
below - AAM ) was also used to determine if any ionic
bromide impurities were present in the orange
recovered solvent. The technique typically involves
placing about 3grams of the orange recovered solvent
in 150ml of deionized water and acidifying this
mixture with about 5ml of a solution containing 50wt.%
nitric acid and 50wt.% water. The sample was titrated
to the potentiometric end point using 0.0 IN silver
nitrate. This analysis indicated that 96 ppm bromide
ions were present in the orange recovered solvent. The
flame retardant particles were then analyzed to
determine the dielectric constant and dissipation
factor. The submicron flame retardant particles had a
mean particle diameter of about 120 run, as indicated
in Table 2, below. FIGURE 1.WHAT is CLAIMED: 1) A
method for making flame retardants with improved
dielectric and/or dissipation factors comprising: a)
combining a flame retardant composition, a liquid, and
optionally a surfactant to form a suspension; b)
grinding said suspension under effective grinding
conditions thereby producing a ground product
comprising a submicron flame retardant product having
an average particle size in the range of about 100 nm
to about 800nm and said liquid, wherein said effective
conditions are those conditions under which at least a
portion of any impurities present in the flame
retardant composition are extracted into the liquid;
c) separating the submicron flame retardant product
and liquid. 2) recovering the submicron flame
retardant product.The method according to claim 1
wherein said flame retardant compositions is selected
from those flame retardant compositions suitable for
use in the production of printed wiring boards. 3) The
method according to claim 2 wherein said flame
retardant composition is brominated. 4) The method
according to claim 1 wherein said liquid is selected
from water; aromatic organic solvents such as toluene,
xylene, acetone; alcohols such as isopropanol; and the
like. 5) The method according to claim 3 wherein said
liquid is selected from organic solvents.6) The method
according to claim 1 wherein said submicron flame
retardant product has an average particle size in the
range of about lOOnm to about 500nm. 7) The method
according to claim 5 wherein said submicron flame
retardant product has an average particle size in the
range of about lOOnm to about 500nm. 8) The method
according to claim 1 wherein said submicron flame
retardant product and said liquid are separated by a
method selected from filtration, decantation,
evaporation, distillation, and the like. 9) The method
according to claim 1 wherein the dielectric constant
of the submicron flame retardant is about 0.01% lower
than that of the initial flame retardant. 10) The
method according to claim 7 wherein the dielectric
constant of the submicron flame retardant is about
0.01% to about 99.99% lower than that of the initial
flame retardant. 11) The method according to claim 1
wherein said flame retardant particle and said liquid
are combined with a surfactant. 12) The method
according to claim 1 wherein said flame retardant
particle and said liquid are combined with a
dispersant. 13) The method according to claim 1
wherein said flame retardant particle and said liquid
are combined with a dispersant and a surfactant. 14)
The method according to any of the preceding claims
wherein said submicron flame retardant is incorporated
into a resin formulation. 15) The method according to
claim 14 wherein said resin is one that is suitable
for use in the manufacture of printed wiring boards.
16) The resin formulation of any of claims 14 or
15.17)A method for making flame retardants with
improved dielectric and/or dissipation factors
comprising: a) combining a flame retardant
composition, a liquid, and optionally a surfactant to
form a suspension; b) grinding said suspension under
effective grinding conditions thereby producing a
ground product comprising a submicron flame retardant
product having an average particle size in the range
of about 100 nm to about 800nm and said liquid,
wherein said effective conditions are those conditions
under which at least a portion of any impurities
present in the flame retardant composition are
extracted into the liquid; c) removing at least a
portion of the liquid from the ground product thereby
producing a product suspension comprising the
submicron flame retardant product and at least a
portion of the liquid. 18) The method according to
claim 17 wherein said product suspension is formulated
into a thermoset product by blending it with a
suitable resin. 19) The resin formulation of any of
claims 17 or 18. 


