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(57) Abstract: A mixed waste mediated
electrochemical oxidation process (MEO) process
and apparatus for the dissolution of transuranic
elements (e.g., plutonium, neptunium, americium,
curium, and californium), and/or compounds
thereof in transuranic waste (TRUW), low level
waste (LLW), low level mixed waste (LLMW),
special case waste (SCW), and greater than class
C (GTCC) LLW’s, and also the destruction of the
non-fluorocarbon (e.g., PTFE) organic component
in the waste. The MEO process and apparatus
operates in three different modes; dissolution,
destruction, and decontamination. Non-radioactive
materials combined in the waste are part of the
mixed waste. The principle components of mixed
waste of concern are the organic materials that
are contaminated with radioactive compounds. In
the first mode, dissolution, the process runs until
the transuranics such as a mixed oxide or carbide,
and/or mixture of oxides or carbides of uranium and
plutonium are totally dissolved into solution. The
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second mode destruction, the process is operated such that the mixed waste materials are reduced to a CO,, water and small amounts
of inorganic salts. The third mode decontamination, involves contaminated equipment, instruments, glassware, containers (drums
and equipment). In the decontamination mode the MEO process destroys the mixed wastes that have contaminated the equipment.
In the mediated electrochemical oxidation process one or more regenerable oxidizing redox couples (specified in Tables I and II)
interact with the mixed waste to decompose it. The oxidizers are present in electrolytic solutions that are acidic, alkaline, or neutral,
operating in the temperature range of slightly above freezing to slightly below boiling point of the electrolyte at one atmosphere.
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Mediated Electrochemical Oxidation used for the Destruction of
Organics Contaminated with Radiocactive Materials, Dissolution of
Transuranics, and the Decontamination of Equipment Contaminated with Mixed

Waste

FIELD OF THE INVENTION

This application claims the benefit of U.S. Provisional Application No.
60/398,808, filed July 29, 2002.

This invention relates generally to the use of a Mediated
Elebtrochemical Oxidation process and apparatus for: (a)the dissolution of
transuranic elements (e.g., plutonium, neptunium, americium, curium, and
californium), and/or compounds thereof in transuranic waste (TRUW), low level
waste (LLW), low level mixed waste (LLMW), special case waste (SCW), and
greater than class C (GTCC) LLW's;. (b) the destruction of the non-
fluorocarbon organic component in these waste types; and (c¢) the

decontamination of transuranic/actinide contaminated equipment.

These various waste forms are defined as follows:

Transuranic Waste - TRUW is waste containing more than 100 nanocuries
per gram of alpha-emitting transuranic isotopes, with half lives greater than
20 years, except for (a) high-level waste (HLW), (b) waste that the
Department of Energy (DOE) has determined, with the concurrence of the U.S.
Environmental Protection Agency (EPA), does not need the degree of isoclation
required by 40CFR 191, or (c) waste the U.S. Nuclear Regulatory Commission
(NRC) has approved for disposal on a case by case basis in accordance with
10CFR 61. TRUW has radioactive components such as plutonium, with lesser
amounts of neptunium, americium, curium,/ and californium, and/or compounds
thereof, and may also contain hazardous waste (HW) components subject to the
Resource Conservation and Recovery Act (RCRA) (42USC 6901 et seq.). o

High Level Waste - HLW is the highly radiocactive waste material that results
form the reprocessing of spent nuclear fuel, including liquid waste produced
directly from reprocessing and any solid waste derived from the liquid that
contains a combination of transuranic and fission product nuclides in quantities
that require permanent isolation. High level waste may include other highly
radlioactive material that the NRC, consistent with existing law, determines by

rule requires permanent isolation.
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Hazardous Waste - HW is defined under the RCRA (42USC 6901 et seqg.) as
a solid waste, or combination of solid wastes, which because of its guantity,
concentration, or physical, chemical, or infectious characteristics may (a)
causes or significantly contribute to an increase in mortality or an increase
in serious irreversible, or incapacitating reversible, illness or (b) pose a
substantial present or potential hazard to human health or the environment
when improperly treated, stored, transported, disposed or, or otherwise
managed. RCRA defines a "“solid” waste to include solid, liquid, semisolid,
or contained gaseous materials. By definition HW alone contains no
radicactive components.

Low Level Waste ~ LLW includes all radioactive waste that is not
classified as HLW, TRUW, spent nuclear fuel, or byproduct tailings containing
uranium or thorium from processed ore (as defined in Section 11(e) (2) of the
Atomic Energy Act (AEA) of 1954 [42USC 2011 et seq.]). Test specimens of
fissionable materials irradiated for research and development only, and not
for the production of power or plutonium may be classified as LLW provided
the concentration of transuranics is less than 100 nanocuries per gram of
waste. Most LLW consists of relatively large amounts of non-RCRA controlled
waste materials contaminated with small amounts of radio nuclides, such as
contaminated equipment (e.g., glove boxes, ventilation ducts, shielding, and
laboratory apparatus, etc.), protective clothing, paper, rags, packing
material, ion exchange resins, and solidified sledges.

Low Level Mixed Waste - LLMW contains both hazardous waste (HW)
components subject RCRA (42USC 6091 et seq.) and low-level radioactive waste
(LLW) components subject to the AEA of 54 (42USC 2011, et seq.).

Special Case Waste ~ SCW is radioactive waste owned or generated by DOE
that does not fit into typical management plans developed for the major
radioactive waste types (e.g., HLW, LLW, LLMW, TRUW, etc.). For example, LLW
that because of its high radiocactivity levels cannot currently be disposed of
at existing DOE LLW disposal facilities without exceeding their performance
standards and TRUW that cannot meet geological disposal acceptance criteria
are SCW,

Greater Than Class C LLW - GTCC LLW is waste that exceeds the Nuclear
Regulatory Commission (NRC) radioisotope concentration limits for Class C LLW
as specified in 10CFR 61, and thus exceeds the limits for shallow land
burial. Commercial GTCC LLW includes, but is not limited to, activated

metals, process wastes, other contaminated solids generated from the
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operation of commercial nuclear power plants, and radiocactive materials that
are used in mineral exploration and as part of medical treatments.

Henceforth all the aforementioned waste forms, except HLW and HW, shall
be collectively referred to as “"mixed waste”.

The following documents are added to the definition sp as to further
clarify the scope and definition or mixed waste as any waste that is
considered by any of, but not limited to, the following statutes and
regulation: '

e 10 CFR 20 Chapter I Nuclear Regulatory Commission, Subpart K,
20.2005 Disposal of Specific Waste

e 10 CFR 20 Chapter I Nuclear Regulatory Commission, Part 20
Standard for Protection Against Radiation, Subpart A-general
Provisions, Sec 20.1003 definitions

e 10 CFR 20 Chapter I Nuclear Regulatory Commission, Licensing
requirements for Land Disposal of Radiocactive Waste, Sec 61.55
Waste Classification

e 32 CFR 627 Bio Defense Safety Program technical Safety
Regulations, Sec 627.34 Disposal

In addition to the aforementicned treatment of mixed waste, this
invention relates to a process and apparatus for the dissolution of
transuranic elements in mixed oxides, carbides, and nitrides formed by their
co-precipitation, mechanical mixing, etc. with similar uranium compounds.

The MEO process and apparatus operates in three different modes;
dissolution, destruction, and decontamination. When non-radiocactive
materials are combined in the same waste they are henceforth referred to
as mixed waste. The principle component of mixed waste of concern in this
patent is the organic materials that are contaminated with radiocactive
compounds. In the first mode (dissolution) the process runs until the
transuranics (such as a mixed oxide or carbide, and/or mixture of oxides
or carbides of uranium and plutonium) are totally dissolved into solution.
The second mode (destruction) the process is operated such that the mixed
waste materials are reduced to a CO,, water and small amounts of inorganic
salts.

The third mode (decontamination) involves contaminated equipment,
instruments, glassware, containers (e.g., 50 gallon drums, etc.) and

materials. In this mode the MEO process destroys the mixed wastes that have
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contaminated them and places the transuranic/transuranic/actinides into
solution.

The basis of the process is a mediated electrochemical oxidation
process in which one or more regenerable oxidizing redox couples
(specified in Tables I and II) interact with the mixed waste to decompose
it. The oxidizers are present in electrolytic solutions that are acidic,
alkaline, or neutral, operating in the temperature range of just above the
freezing point and just below the boiling point temperatures of the
electrolyte and at ambient atmosphere pressure. The process is an
improvement over the state of the art relative to oxidizers and

electrolytes represented in existing patented processes and apparatus.
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BACKGROUND OF THE INVENTION

Mixed waste is a growing problem for today’s technological society.
The mixed waste generated by our Federal government and local electrical
utilities sector is an increasing burden on these activities as well as a
concern for the whole country in general.

The cost of disposing of mixed waste or transuranic/actinides in the
U.S. are a multi-billion dollar per year program. The Department of Energy

report Current and Planned Low-Level Waste Disposal Capacity Report Revision

1, September 18, 1998 estimates the volume of low-level and mixed waste to be
approximately 8.1 billion cubic feet during the period 1998 to 2070. All
companies and institutions and businesses that generate and handle this
category of waste or transuranic/actinides must provide safe, effective and
preferably, inexpensive disposal of the waste or transuranic/actinides. In
recent years there has been increasing concern over the disposal of mixed
waste and/or transuranic/actinides. The principle method for the handling of
this mixed waste and/or transuranic/actinides are self-storage or
transportation to other facilities. The NRC and DOE have issued new
regulations that require very stringent levels of control and maintenance of
the storage facilities. The new regulations will, for practical purposes,
require major modifications to almost all such storage facilities in the
foreseeable future. Storage and transportation facilities have already begun
to limit acceptance of mixed waste and/or transuranic/actinides, especially
if it is from other then their own existing relationships Processes based on
the use of silver, cobalt, cerium and peroxysulfate have been proposed, but
each has severe limitations.

Research into the application of the MEO process>to date has
involved the use of the process to dispose of materials in several areas.
In the first area, the MEO process uses an electrochemical cell in which
the electrolyte is restricted to a composition of nitric acid and silver
ions in a specific temperature, concentration, and pH range. The silver
lons serve as the regenerable mediating oxidizing species which is used in
an oxidative dissolution process to recover plutonium contained in solid
waste from processes, technological and laboratory waste (U.S. Patent

4,749,519), and subsequently extended to the dissolution of the plutonium
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dioxide component of uranium and plutonium oxide mixtures (i.e. mixed
oxide reactor fuel) (U.S. Patent 5,745,835).

In the second area, the MEO process was used for the oxidation
(i.e., decomposition) of organic matter contaminated with radioactive
materials, such as that contained in the solid waste generated in
extracting plutonium from irradiated nuclear reactor fuel ( U.S. Patents
4,874,485; 4,925,643.

Both of the two areas discussed have involved similar use of the MEO
process using nitric acid and silver ions being generated by an
electrochemical cell with the anode and cathode being separated by a
membrane. The two uses have differed in the temperature range used in
each of the applications. The first use is operated below 50°C (i.e.,
generally around 25°C or room temperature) to minimize water reactions
with the Ag(II) ion, which are parasitic as they do not assist in
dissolution of the plutonium dioxide, but do consume electrons, thus
reducing the coulombic efficiency of the process. The second use is
operated between 50°C and slightly below 100°C to promote reaction of the
Ag(IT) ions with the nitric acid solution which produces a range of highly
reactive free radicals (e.g., ¢OH, #0;H, eNO;, etc) and Hy0;, all of
capable oxidizing organic materials.

Others have substituted cerium and nitric acid; and cobalt, and
nitric acid, sulfuric acid or neutral solutions for the silver and nitric
acid as the electrolyte (U.S. Patents 4,686,019, 5,516,972, 5,756,874,
5,911,868, and 5,919,350). The temperatures vary among the electrolytes
being substituted for the silver and nitric acid combination. Following
the aforementioned work a US Patent 5,952,542, ruthenium (also mentioned
are osmium, iridium, and rhodium) has been proposed as the electrolyte for
the MEQ process, to decompose organic materials in a slightly acidic
solution operating between 60°C and 390°C.

Most recently in U.S. Patent 6,096,283, peroxydisulfate is used in a
system combining hydrolysis and direct chemical oxidation (DCO). The
hydrolysis is performed under the following conditions: at 100°C°C to
120°C°C, a pH of greater then 7 and at greater than atmospheric pressure.
The DCO is operated at temperatures at or less then 105°C°C, atmospheric

pressure, and under alkaline, neutral and acidic conditions. The stated
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purpose of this patent is to destroy halogenated organic solvents,
contaminated soils and sludge, and organic components of mixed waste.

All of the descriptions reviewed are similar in their application to
the decomposition of organic materials and each patent has restricted the
anions, cations, electrolyte, pH and temperature range used.

The processes defined in the foregoing patents each have severe
limitations in their techniques and apparatus for using silver, cobalt,
cerium and peroxysulfate. The silver based process requires the presence
of strong nitric acid for the formation of a useful population of the Ag*?
oxidizing species and silver is removed from the system by parasitic
reactions if halogens are present in the mixed waste. Silver ions
diffusion across the membrane from the anolyte to the catholyte where it
is necessary to conduct a recovery process due to the high cost of silver.
Reduction of the concentrated nitric acid at the cathode ultimately leads
to the formation of NO, in the cathode chamber, thus necessitating
inclusion of a cathode off-gas treatment system.

The lower oxidation potential of cobalt and cerium species relative to
many oxidizing species listed in Tables 1 and 2 herein, limit their ability
to aecompose some of the components of mixed waste and/or
transuranic/actinides, at a practical rate. Both cobalt and cerium are
costly for an industrial process and their migration through the membrane
will require a recovery system.

This patent offer new features for an MEO process and apparatus not
cover in the present art which address these limitations the features in
this patent are: (a) alternative redox couple species, (b) different ‘
anolyte and catholyte electrolytes in the same MEO process and apparatus,
(c) MEO apparatus design provides for the same apparatus using many
different redox couples without changing the apparatus, (d) MEO process
avoids the emission of NO4, (e) redox couples and electrolyte(s) can
directly replace silver II in the existing apparatus to eliminate their
major problems, (f) the redox couples dissolve plutonium oxides, nitrides
or carbides, uranium oxides, nitrides or carbides, and other
transuranics/actinides directly in to solution for ease of recovery.

These and further and other objects and features of the invention
are apparent in the disclosure, which includes the above and ongoing
written specification, with the drawings.

7



WO 2004/012206 PCT/US2003/023491

SUMMARY OF THE INVENTION

This invention relates generally to the use of a Mediated
Electrochemical Oxidation process and apparatus for: the dissolution of
transuranic/actinide elements (e.g., plutonium, neptunium, americium, curium,
and californium), and/or compounds thereof in transuranic waste (TRUW), low
level waste (LLW), low level mixed waste (LLMW)) special case waste (SCW),
and greater than class C (GTCC) LLW's;. the destruction of the non-
fluorocarbon organic component in these waste types; and the decontamination
of transuranic/actinide contaminated equipment.

Using this MEO methodology and process nearly all solid or liquid
mixed wastes are decomposed into carbon dioxide, water, and trace amounts
of inorganic salts. The tranuranics/actinides are placed into solution
during the decomposition of the mixed waste. The process may be operated
in three different modes (dissolution, destruction, and decontamination).

In the first mode (dissolution) the process runs until the mixed
waste transuranic elements in mixed oxides, carbides, and nitrides formed
by their co-precipitation, mechanical mixing, etc. with similar uranium
compounds materials are totally decomposed dissolved into solution these
benign natural components as previously mentioned.

The second mode (destruction) the process involves mixed waste
materials. In this mode the MEO process destroys the mixed waste
materials by reducing them to CO,, water and small amounts of inorganic
salts. The transuranic material on the mixed waste is dissolved into
solution and separated from the MEO electrolyte.

The third mode (decontamination) involves contaminated equipment,
instruments, glassware, containers (e.g., metal or plastic drums, etc.)
and materials (e.g., clothing, rags, absorbents, etc.). In this mode the

MEO process dissolves the radioactive component of the mixed waste and
destroys the organic component. These items are placed in an anolyte
reaction chamber(s) (see Figures 1B,1C,1D,and 1E) and the electrolyte
containing the oxidizing species is introduced into the chamber(s). The
MEO process cleans the contaminated items rendering them non-toxic and
safe for reuse or disposal and places the radiocactive materials into

solution for capture and removal.
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The MEO process involves the anolyte portion of the electrolyte
containing one or more redox couples, wherein the oxidized form of at
least one redox couple is produced by anodic oxidation at the anode of an
electrochemical cell. The oxidized forms of any other redox couples
present are produced either by similar anodic oxidation or reaction with
the oxidized form of other redox couples present capable of affecting the
required redox reaction. The anodic oxidation in the electrochemical cell
is driven by an externally induced electrical potential induced between
the anode(s) and cathode(s) of the cell. The oxidized species of the
redox couples oxidize the mixed waste molecules and are themselves
converted to their reduced form, whereupon they are reoxidized by either
of the aforementioned mechanisms and the redox cycle continues until all
oxidizable waste species, including intermediate reaction products, have
undergone the desired degree of oxidation. The redox species ions are
thus seen to “mediate” the transfer of electrons from the waste molecules
to the anode, (i.e., oxidation of the waste).

A membrane in the electrochemical cell separates the anolyte and
catholyte, thereby preventing parasitic reduction of the oxidizing species
at the cathode. The membrane is ion-selective or semi-permeable (i.e.,
microporous plastic, porous ceramic, sintered glass frit, etc.). The
preferred MEO process uses the mediator species described in Table I
(simple anions redox couple mediators); the Type I isopolyanions (IPA)
formed by Mo, W, V, Nb, and Ta, and mixtures thereof; the Type I
heteropolyanions (HPA) formed by incorporation into the aforementioned
isopolyanions of any of the elements listed in Table II (heteroatoms)
either singly or in combinations there of; any type heteropolyanion
containing at least one heteropolyatom (i.e. element) contained in both
Table I and Table II; or combinations of mediator species from any or all

of these generic groups.

Simple Anion Redox Couple Mediators
Table I show the simple anion redox couple mediators used in the
preferred MEO process wherein “species” defines the specific ions for each
chemical element that have applicability to the MEO process as either the
reduced (e.g., Fe*?) or oxidizer (e.g., Feo;*) form of the mediator

characteristic element (e.g., Fe), and the “specific redox couple” defines
9
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the specific associations of the reduced and oxidized forms of these
species (e.qg., Fe*3/ Fe0,™%) that are claimed for the MEO process. Species
soluble in the anolyte are shown in Table I in normal print while those that
are insoluble are shown in bold underlined print. The characteristics of
the MEQO Process claimed in this patent are specified in the following
paragraphs.

The anolyte contains one or more redox couples which in their
oxidized form consist of either single multivalent element anions (e.g.,
ag*?, ce', co*®, pPb™, etc.), insoluble oxides of multivalent elements
le.g., Pb0O,, Ce0,, Pr0;, etc.), or simple oxoanions (also called oxyanions)
of multivalent elements (e.g., FeO{Q, NiO{Q, BiO3 , etc.). The redox
couples in their oxidized form are called the mediator species. The
nonoxygen multivalent element component of the mediator is.called the
characteristic element of the mediator species. We have chosen to group
the simple oxoanions with the simple anion redox couple mediators rather
than with the complex (i.e., polyoxometallate (POM)) anion redox couple
mediators discussed in the next Section and refer to them collectively as
simple anion redox couple mediators.

In one embodiment of this process both the oxidized and reduced
forms of the redox couple are soluble in the anolyte. The reduced form of
the couple is anodically oxidized to the oxidized form at the cell
anode (s) whereupon it oxidizes molecules of mixed wastes either dissolved
in or located on waste particle surfaces wetted by the anolyte, with the
concomitant reduction of the oxidizing agent to its reduced form,
whereupon the MEO process begins again with the reoxidation of this
species at the cell anode(s). If other less powerful redox couples of
this type (i.e., reduced and oxidized forms soluble in anolyte) are
present, they too may undergo direct anodic oxidation or the anodically
oxidized more powerful oxidizing agent may oxidize them rather than a
waste molecule. The weaker redox couple(s} is selected such that their
oxidation potential is sufficient to affect the desired reaction with the
waste molecules. The oxidized species of all the redox couples oxidize
the mixed waste molecules and are themselves converted to their reduced
form, whereupon they are reoxidized by either of the aforementioned

mechanisms and the redox cycle continues until all oxidizable waste

10
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species, including intermediate reaction products, have undergone the
desired degree of oxidation.

The preferred mode for the MEO process as described in the preceding
section is for the redox couple species to be soluble in the anolyte in both
the oxidized and reduced forms, however this is not the only mode of
operation claimed herein. If the reduced form of the redox couple is soluble
in the anolyte (e.g., Pb*?) but the oxidized form is not (e.g., PbQ;), the
following processes are operative. The insoluble oxidizing agent is produced
either as a surface layer on the anode by anodic bxidation, or throughout the
bulk of the anolyte by reacting with the oxidized form of other redox couples
present capable of affecting the required redox reaction, at least one of
which is formed by anodic oxidation. The oxidizable waste is either
soluble in the anolyte or dispersed therein at a fine particle size,
(e.g., emulsion, colloid, etc.) thereby affecting intimate contact with
the surface of the insoluble oxidizing agent (e.g., Pb0O;) particles. Upon
reaction of the waste with the oxidizing agent particles, the waste is
oxidized and the insoluble oxidizing agent molecules on the anolyte wetted
surfaces of the oxidizing agent particles reacting with the waste are
reduced to their soluble form and are returned to the bulk anolyte,
available for continuing the MEO process by being reoxidized.

In another variant of the MEO process, 1f the reduced form of the
redox couple 1s inscluble in the anolyte (e.g., Ti0,;) but the oxidized
form is soluble (e.g., Ti0,™), the following processes are cperative. The
soluble (i.e., oxidized) form of the redox couple is produced by the
reaction of the insoluble (i.e., reduced form) redox couple molecules on
the anolyte wetted surfaces of the oxidizing agent particles with the
soluble oxidized form of other redog couples present capable of affecting
the required redox reaction, at least one of which is formed by anodic
oxidation and soluble in the anolyte in both the reduced and oxidized
forms. The soluble oxidized species so formed are released into the
anolyte whereupon they oxidize waste molecules in the manner previously
described and are themselves converted to the insoluble form of the redox
couple, thereupon returning to the starting point of the redox MEO cycle.

In this invention, when an alkaline anolyte is used, the CO;
resulting from oxidation of the mixed waste reacts with the anolyte to

form alkali metal bicarbonates/carbonates. The bicarbonate/carbonate ions
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circulate within the anolYte where they are reversibly oxidized to
percarbonate ions either by anodic oxidation within the electrochemical
cell or alternately by reacting with the oxidized form of a more powerful
redox couple mediator, when present in the anolyte. The carbonate thus
functions exactly as a simple anion redox couple mediator, thereby
producing an oxidizing species from the waste oxidation products that it
is capable of destroying additional mixed waste.

The electrolytes used in this patent are from a family of acids,
alkali, and neutral salt aqueous solutions (e.g. sulfuric acid, potassium
hydroxide, sodium sulfate agueous solutions, etc.).

A given redox couple or mixture of redox couples (i.e. mediator
species) are to be used with different electrolytes.

The electrolyte composition is selected based on demonstrated
adequate solubility of the compound containing at least one of the
mediator species present in the reduced form (e.g., sulfuric acid may be
used with ferric sulfate, etc.).

The concentration of the mediator species containing compounds in
the anolyte may range from .0005 molar (M) up to the saturation point.

The concentration of electrolyte in the anolyte is governed by its
effect upon the solubility of the mediator species containing compounds
and by the conductivity of the anolyte solution desired in the
electrochemical cell for the given mediator species being used.

The temperature over which the electrochemical cell may be operated
ranges from approximately 0°C to slightly below the boiling point of the
electrolytic solution. By using simple and/or complex redox couples
mediators and attacking specific organic molecules with the oxidizing
species while operating at low temperature, the formation of toxic
materials such as dioxin and furans is prevented.

The MEO process is operated at ambient atmospheric pressure.

The mediator species are differentiated on the basis of whether they
are capable of reacting with the electrolyte to produce free radicals
{e.g., *0H (perhydroxyl), ¢OH (hydroxyl), eSO, (sulfate), eNO3; (nitrate),
etc.) . Such mediator species are classified herein as “super oxidizers”
(SO) and typically exhibit oxidation potentials at least equal to that of
the ce*/Ce* redox couple (i.e., 1.7 volts at 1 molar, 25°C and pH 1).

12
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The electrical potential between the electrodes in the
electrochemical cell is based upon the oxidation potential of the most
reactive redox couple presents in the anolyte and serving as a mediator
species, and the ohmic losses within the cell. In the case of certain
electrolyte compositions a low level AC voltage is impressed upon the DC
voltage to retard the formation of cell performance limiting surface films
on the electrode and/or membranes. Within the current density range of

interest the electrical potential may be approximately 2.5 to 3.0 volts.

' Complex Anion Redox Couple Mediators

The preferred characteristic of the oxidizing species in the MEO
process 1s that it be soluble in the aqueous anolyte in both the oxidized
and reduced states. The majorities of metal oxides and oxoanion
(oxyanion) salts are insoluble, or have poorly defined or limited solution
chemistry. The early transition elements, however, are capable of
spontaneously forming a class of discrete polymeric structures called
polyoxometallate (POMs) which are highly soluble in aqueous solutions over
a wide pH range. The polymerization of simple tetrahedral oxoanions of
interest herein involves an expansion of the metal, M, coordination number
to 6, and the edge and corner linkage of MOg octahedra. Chromium is
limited to a coordination number of 4, restricting the POMs based on CroO,

2 which is included in Table I.

tetrahedra to the dichromate ion ([Cr,04] ~
Based upon their chemical composition POMs are divided into the two
subclasses iéopolyanions (IPAs) and heteropolyanions (HPAs), as shown by
the following general formulas:

Isopolyanions (IPAs) - [M,;0,17"
and,

Heteropolyanions (HPAs) - [XMpOy 1 (m>x)

where the addenda atom, M, is usually Molybdenum (Mo) or Tungsten (W), and
less frequently Vanadium (V), Niobium (Nb), or Tantalum (Ta), or mixtures
of these elements in their highest (d°) oxidation state. The elements
that can function as addenda atoms in IPAs and HPAs appear to be limited
to those with both a favorable combination of ionic radius and charge, and
the ability to form dm-pm M~O bonds. However, the heteroatom, X, have no

such limitations and can be any of the elements listed in Table II.
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There is a vast chemistry of POMs that involves the
oxidation/reduction of the addenda atoms and those heteroatoms listed in
Table II that exhibit multiple oxidation states. The partial reduction of
the addenda, M, atoms in some POMs strictures (i.e., both IPAs and HPAs)
produces intensely colored species, generically referred to as “heteropoly
blues”. Based on structural differences, POMs can be divided into two
groups, Type I and Type II. Type I POMs consist of MOg octahedra each
having one terminal oxo oxygen atom while Type II have 2 terminal oxo
oxygen atoms. Type II POMs can only accommodate addenda atoms with d°
electronic configurations, whereas Type I; e.g., Keggin (XM;,04), Dawson
(XoM1g062) ; hexametalate (MgOy9), decatungstate (Wi00sp), etc., can
accommodate addenda atoms with d°, d', and d? electronic configurations.
Thereforeh while Type I structures can easily undergo reversible redox
reactions, structural limitations preclude this ability in Type II
structures. Oxidizing species applicable for the MEO process are
therefore Type I POMs (i.e., IPAs and HPAs) where the addenda, M, atoms
are W, Mo, V, Nb, Ta, or combinations there of.

The high negative charges of polyanions often stabilize heteroatoms
in unusually high oxidation states, thereby creating a second category of
MEO oxidizers in addition to the aforementioned Type I POMs. Any Type I
or Type II HPA containing any of the heterocatom elements, X, listed in
Table II, that also are listed in Table I as simple anion redox couple
mediators, can also function as an oxidizing species in the MEO process.

The anolyte contains one or more complex anion redox couples, each
consisting of either the afore mentioned Type I POMs containing W, Mo, V,
Nb, Ta or combinations there of as the addenda atoms, or HPAs having as
heterocatoms (X) any elements contained in both Tables I and II, and which
are soluble in the electrolyte (e.g. sulfuric acid, etc.).

The electrolytes used in this claim are from a family of acids,
alkali, and neutral salt aqueous solutions (e.g. sulfuric acid, potassium
hydroxide, sodium sulfate aqueous solutions, etc.).

A given POM redox couple or mixture of POM redox couples (i.e.,
mediator species) may be used with different electrolytes.

The electrolyte composition is selected based on demonstrating
adequate solubility of at least one of the compounds containing the POM

mediator species in the reduced form and being part of a redox couple of
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sufficient oxidation potential to affect oxidation of the other mediator
species present.

The concentration of the POM mediator species containing compounds
in the anolyte may range from .0005M (molar) up to the saturation point.

The concentration of electrolyte in the anolyte may be governed by
its effect upon the solubility of the POM mediator species containing
compounds and by the conductivity of the anolyte solution desired in the
electrochemical cell for the given POM mediator species being used to
allow the desired cell current at the desired cell voltage.

The temperature over which the electrochemical cell may be operated
ranges from approximately 0°C to just below the boiling point of the
electrolytic solution. If the temperature range for any given process
reaches the 200°C to 300°C, then they have the potential to produce volatile
organics that may have serious health and environmental conseguences.
Typical of these substances are dioxins and furans, which are, controlled
materials.

The MEO process is operated at ambient atmospheric pressure.

The POM mediator species are differentiated on the basis of whether
they are capable of reacting with the electrolyte to produce free radicals
(e.g., ®OH, eOH, SOy, eNO3) . Such mediator species are classified herein
as “super.oxidizers” (s0) and typically exhibit oxidation potentials at
least equal to that of the Ce™/Ce™ redox couple (i.e., 1.7 volts at 1
molar, 25°C and pH 1).

The electrical potential between the anode {s) and cathode(s) in the
electrochemical cell is based on the oxidation potential of the most
reactive POM redox couple presents in the anolyte and serving as a
mediator species, and the ohmic losses within the cell. Within the
current density range of interest the electrical potential may be
approximately 2.5 to 3.0 volts. AC voltage

Tn the case of certain electrolyte compositions, a low level is
impressed across the electrodes in the electrochemical cell. The AC
voltage is used to retard the formation of surface films on the electrodes

and/or membranes that would have a performance limiting effect.

Mixed Simple and Complex Anion Redox Couple Mediators

The ‘preferred MEO process for a combination of simple anion redox
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couple mediators (A) and complex anion redox couple mediators (B) may be
mixed together to form the system anolyte. The characteristics of the
resulting MEO process is similar to the previous discussions.
The use of multiple oxidizer species in the MEO process has the
following potential advantages:
a. The overall mixed waste destruction rate is increased if the
reaction kinetics of anodically oxidizing mediator “a”, oxidizing
mediator “B” and oxidized mediator “B” oxidizing the mixed waste
and/or transuranic/actinides is sufficiently rapid such that the
combined speed of the three step reaction train is faster than
the two step reaction trains of anodically oxidizing mediator “A”
or “B”, and the oxidized mediators “A” or “B” oxidizing the
organic waste and/or transuranic/actinides.
b. If the cost of mediator “B” is sufficiently less than that of
mediator “A”, the used of the above three step reaction train
results in lowering the cost of mixed waste and/or
transuranic/actinides destruction dﬁe to the reduced cost
associated with the smaller required inventory and process losses
of the more expensive mediator “A”. an example of this is the
use of silver (II)-peroxysulfate mediator system to reduce the
cost associated with a silver (I/II) only MEO process and
overcome the slow anodic oxidation kinetics of a
sulfate/peroxysulfate only MEO process.
c. The MEO process is “desensitized” to changes in the types of
molecular bonds present in the mixed waste as the use of multiple
mediators, each selectively attacking different types of chemical

bonds, results in a highly “nonselective” oxidizing system.

Anolyte Additional Features
In one preferred embodiment of the MEOQ process in this invention,
there are one or more simple anion redox couple mediators in the anolyte
aqueous solution. In a preferred embodiment of the MEC process, there are
one or more complex anion (i.e., POMs) redox couple mediators in the
anolyte aqueous solution. In another preferred embodiment of the MEO
process, there are one or more simple anion redox couples and one or more

complex anion redox couples in the anolyte aqueous solution.
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The MEO process of the present invention uses any oxidizer species
listed in Table I that are found in situ in the mixed waste to be
destroyed; For example, when the mixed waste also contains lead compounds
that become a source of Pb*? ions under the MEO process conditions within
the anolyte, the waste-anolyte mixture may be circulated through an
electrochemical cell. Where the oxidized form of the reversible lead
redox couple may be formed either by anodic oxidation within the
electrochemical cell or alternately by reacting with the oxidized form of
a more powerful redox couple, if present in the anclyte and the latter
being anodically oxidized in the electrochemical cell. The lead thus
functions exactly as a simple anion redox couple species thereby
destroying the mixed waste organic component leaving only the lead and the
transuranic/actinides to be disposed of. Adding one or more of any of the
anion redox couple mediators described in this patent further enhances the
MEO process described above.

In the MEO process of the invention, anion redox couple mediators in
the anolyte part of an agueous electrolyte solution uses an acid, neutral
or alkaline solution depending on the temperature and solubility of the
specific mediator(s). In the presence of halogenated hydrocarbons in the
mixed waste additional processes are ongoing. The anion oxidizers used in
the basic MEQ process preferably attack specific halogenated hydrocarbon
molecules. Hydroxyl free radicals preferentially attack halogenated
hydrocarbon molecules containing aromatic rings and unsaturated carbon-
carbon bonds. Oxidation products such as the highly undesirable aromatic
compounds chlorophenol or tetrachlorodibenzodioxin (dioxin) upon formation
would thus be preferentially attacked by hydroxyl free radicals,
preventing the accumulation of any meaningful amounts of these compounds.
Even free radicals with lower oxidation potentials than the hydroxyl free
radical preferentially attack carbon-halogen bonds such as those in carbon
tetrachloride and polychlorobiphenyls (PCBs).

Some redox couples having an oxidation potential at least equal to
that of the ce**/Ce* redox couple (i.e., 1.7 volts at 1 molar, 25°C and pH
1), and sometimes requiring heating to above about 50°C (i.e., but less
then the boiling point of the electrolyte) can initiate a second oxidation
process wherein the mediator ions in their oxidized form interact with the

aqueous anolyte, creating secondary oxidizer free radicals (e.g., *OzH,
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*OH, S04, *NO3, etc.) or hydrogen peroxide. Such mediator species in
this invention are classified herein as “super oxidizers” (S0) to
distinguish them from the “basic oxidizers” incapable of initiating this
second oxidation process.

The oxidizer species addressed in this patent (i.e., characteristic
elements having atomic number below 90) are described in Table I (simple
anions redox couple mediators): Type I IPAs formed by Mo, W, V, Nb, Ta, or
mixtures there of as addenda atoms; Type I HPAs formed by incorporation
into the aforementioned IPAs if any of the elements listed in Table II
(heterocatoms) either singly or in combinations thereof; or any HPA
containing at least one heteroatom type (i.e., element) contained in both
Table I and Table II; or mediator species from any or all of these generic
groups.

Each oxidizer anion element has normal valence states (NVS) (i.e.,
reduced form of redox couple) and higher valence states (HVS) (i.e.,
oxidized form of redox couple) created by stripping electrons off NVS
species when they pass through and electrochemical cell. The MEO process
of the present invention uses a broad spectrum of anion oxidizers; these
anion oxidizers used in the basic MEO process may be interchanged in the
preferred embodiment without changing the equipment.

In preferred embodiments of the MEO process, the basic MEO process
is modified by the introduction of additives such as tellurate or
periocdate ions which serve to overcome the short lifetime of the oxidized
form of some redox couples (e.g., Cu*®) in the anolyte via the formation
of more stable complexes (e.g., [Cu (IOG)Q]~7 , [Cu(HTeOg)»17"). The '
tellurate and periodate lons can also participate directly in the MEO
process as they are the oxidized forms of simple anion redox couple
mediators (see Table I) and participate in the oxidation of mixed waste in
the same manner as previously described for this class of oxidizing

agents.

Alkaline Electrolytes
In one preferred embodiment, a cost reduction is achieved in the
basic MEO process by using an alkaline electrolyte, such as but not
limited to aqueous solutions of NaOH or KOH with mediator species wherein

the reduced form of said mediator redox couple displays sufficient
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solubility in said electrolyte to allow the desired oxidation of the mixed
waste to proceed at a practical rate. The oxidation potential of redox
reactions producing hydrogen ions (i.e., both mediator species and mixed
waste and/or transuranic/actinides molecules reactions) are inversely
proportional to the electrolyte pH, thus with the proper selection of a
redox couple mediator, it is possible, by increasing the electrolyte pH,
to minimize the electric potential required to affect the desired
oxidation process, thereby reducing the electric power consumed per unit
mass of mixed waste and/or transuranic/actinides processed.

When an alkaline anolyte (e.g., NaOH, KOH, etc.) is used, benefits
are derived from the saponification (i.e., base promoted ester hydrolysis)
of fatty acids to form water soluble alkali metal salts of the fatty acids
(i.e., soaps) and glycerin, a process similar to the production of soap
from animal fat by introducing it into a hot aqueous lye solution.

In this invention, when an alkaline anolyte is used, the CO,
resulting from oxidation of the mixed waste and/or transuranic/actinides
reacts with the anolyte to form alkali metal bicarbonates/carbonates. The
_ bicarbonate/carbonate ions circulate within the anolyte where they are
reversibly oxidized to percarbonate ions either by anodic oxidation within
the electrochemical cell or alternately by reacting with the oxidized form
of a more powerful redox couple mediator, when present in the anolyte.

The carbonate thus functions exactly as a simple anion redox couple
mediator, thereby producing an oxidizing species from the mixed waste
oxidation products that it is capable of destroying additional organic

components of the mixed waste.

Additional MEO Electrolyte Features
In one preferred embodiment of this invention, the catholyte and
anolyte are discrete entities separated by a membrane, thus they are not
constrained to share any common properties such as electrolyte
concentration, composition, or pH (i.e., acid, alkali, or neutral). The
process operates over the temperature range from approximately 0°C to
slightly below the boiling point of the electrolyte used during the

destruction of the mixed waste and/or transuranic/actinides.
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MEQ Process Augmented by Ultraviolet/Ultrasonic Energy

Decomposition of the hydrogen peroxide into free hydroxyl radicals
is well known to be promoted by ultraviolet (UV) irradiation. The
destruction rate of mixed waste and/or transuranic/actinides obtained
using the MEO process in this invention, therefore, is increased by UV
irradiation of the reaction chamber anolyte to promote formation of
additional hydroxyl free radicals. In a preferred embodiment, UV
radiation is introduced into the anolyte chamber using a UV source either
internal to or adjacent to the anolyte chamber. The UV irradiation
decomposes hydrogen peroxide, which is produced by secondary oxidizers
generated by the oxidized form of the mediator redox couple, into hydroxyl
free radical. The result is an increase in the efficiency of the MEO
process since the energy expended in hydrogen peroxide generation is
recovered through the oxidation of mixed waste and/or
transuranic/actinides materials in the anolyte chamber.

Additionally, ultrasonic energy is introduced into the anolyte
chamber. Implosion of the microscopic bﬁbbles formed by the rapidly
oscillating pressure waves emanating from the sonic horn generate shock
waves capable of producing extremely short lived and localized conditions
of 4800°C and 1000 atmospheres pressure within the anolyte. Under these
conditions water molecules decompose into hydrogen atoms and hydroxyl
radicals. Upon quenching of the localized thermal spike, the hydroxyl
radicals undergo the aforementioned reactions with the mixed waste or
combine with each other to form another hydrogen peroxide molecule which
then itself oxidizes additional mixed waste and/or transuranic/actinides.

In another preferred embodiment, the destruction rate of non-anolyte
soluble mixed waste is enhanced by affecting a reduction in the dimensions
of the individual second (i.e., mixed waste) phase entities present in the
anolyte, thereby increasing the total waste and/or transuranic/actinides
surface area wetted by the anolyte and therefore the amount of waste
and/or transuranic/actinides oxidized per unit time. Immiscible liquids
may be dispersed on an extremely fine scale within the aqueous anolyte by
the introduction of suitable surfactants or emulsifying agents. Vigorous
mechanical mixing such as with a colloid mill or the microscopic scale
mixing affected by the aforementioned ultrasonic energy induced

microscopic bubble implosion could also be used to affect the desired
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reduction in size of the individual second phase waste and/or
transuranic/actinides volumes dispersed in the anolyte. The vast majority
of solid mixed waste and/or transuranic/actinides may be converted into a
liquid phase, thus becoming treatable as above, using a variety of cell
disruption methodologies. Examples of these methods are mechanical
shearing using various rotor-stator homogenizers and ultrasonic devices
(i.e., sonicators) where the aforementioned implosion generated shock
wave, augmented by the 4800°C temperature spike, mixes the liguid and
solids for better access to the oxidizers. Since water is a product of
the oxidation process it requires no further energy to dispose of the
mixed waste thus saving energy that would be expended in a thermal based
process.

In another preferred embodiment, increasing the surface area exposed
to the anoclyte enhances the destruction rate of non-anolyte solid mixed
waste and/or transuranic/actinides. The destruction rate for any given
concentration of oxidizer in so;ution in the anolyte is limited to the
area of the solid with which the oxidizer can make contact. The
embodiment used for solids contains a mechanism for multiply puncturing
the solid when it is placed in the anolyte reaction chamber basket. The
punctures allow the oxidizer to penetrate into the interior of the solid
and increase the rate of destruction.

If the amount of water released directly from the mixed waste and/or
formed as a reaction product from the oxidation of hydrogenous waste
dilutes the anolyte to an unacceptable level, the anolyte can easily be
reconstituted by simply raising the temperature and/or lowering the
pressure in an optional evaporation chamber to affect removal of the
required amount of water. The soluble constituents of the mixed waste
and/or transuranic/actinides are rapidly dispersed throughout the anolyte
on a molecular scale while the insoluble constituents are dispersed
throughout the anolyte as an extremely fine second phase using any of the
aforementioned dispersal methodologies, thereby vastly increasing the
mixed waste and/or transuranic/actinides anolyte interfacial contact area
beyond that possible with an intact solid configuration and thus
increasing the rate at which the mixed waste and/or transuranic/actinides

is destroyed and the MEO efficiency.
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In another preferred embodiment, increasing the surface area exposed
to the anolyte enhances the destruction rate of non-anolyte solid mixed
waste and/or transuranic/actinides. The destruction rate for any given
concentration of oxidizer in solution in the anolyte is limited to the
area of the solid with which the oxidizer can make contact. The
empbodiment used for solids contains a mechanism for multiply puncturing
the solid when it is placed .in the anolyte reaction chamber basket. The
punctures allow the oxidizer to penetrate into the interior of the solid
by-passing difficult to destroy surface layers and increase the rate of

destruction.

MEQ Process Augmented with Free Radicals

The principals of the oxidation process used in this invention in
which a free radical (e.g., ®0uH, ¢OH, *S0O,, *NOs3,) cleaves and oxidize the
mixed waste and/or transuranic/actinides resulting in the formation of
successively smaller hydrocarbon compounds. The intermediate compounds so
formed are easily oxidized to carbon dioxide and water during sequential
reactions.

Inorganic radicals are generated in aqueous solution variants of the
MEO process in this invention. Radicals have been derived from carbonate,
azide, nitrite, nitrate, phosphate, phosphite, sulphite, sulphate,
selenite, thiocyanate, chloride, bromide, iodide and formate ions. The
MEO process may generate organic free radicals, such as sulfhydryl. When
the MEO process in this invention is applied to mixed waste materials they
are broken down into organic compounds that are attacked by the
aforementioned inorganic free radicals, producing organic free radicals,
which contribute to the oxidation process and increase the efficiency of
the MEO process.

These and further and other objects and features of the invention
are apparent in the disclosure, which includes the above and ongoing

written specification, with the characteristics and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1A MEO Apparatus Diagram is a schematic representation of a

system for destroying mixed waste and/or the dissolution of

tranuranics/actinides materials. Figure 1A is a representation of a
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general embodiment of the present invention (with the understanding that
not all of the components shown therein must necessarily be employed in
all situations) and others may be added as needed for a particular
application.

Figure 1B Anolyte Reaction Chamber for Liquids, Mixtures, Small

Particulate and with Continuous Feed is a schematic representation of the

anolyte reaction chamber used for destruction of mixed waste and/or
dissolution of transuranic/actinides fluids, and mixtures which include
small particulate. The anolyte reaction chamber is used for dissolution
of transuranics/actinides (such as a mixed oxide, nitride or carbide
and/or mixture of oxides, nitrides or carbides of uranium and plutonium)
totally dissolving them into solution. This chamber accommodates a
continuous feed of these materials into the chamber.

Figure 1C Anolyte Reaction Chamber for Solids, Mixtures, and Larger

Particulate and with Batch Operation is a schematic representation of the

anolyte reaction chamber used for destruction of mixed waste solids, and
mixtures that include large particulate. This chamber may be used for
batch mode processing of mixed waste and/or dissolution of
transuranic/actinides.

Figure 1D Anolyte Reaction Chamber Remote is a schematic

representation of the anolyte reaction chamber used for destruction of
mixed waste and/or dissolution of transuranic/actinides where the anolyte
reaction chamber is separated from the basic MEO apparatus. This
configuration allows the chamber to be a part of production line or
similar use.

)

Figure 1E Storage Container Used as Anolyte Reaction Chamber is a

schematic representation of an anolyte reaction chamber that is a
container contaminated with transuranic/actinides. The MEO process will
decontaminate this type of equipment, instruments, glassware, and
containers (such as 50 gallon drums) by destroying the mixed waste and
dissolving the transuranic/actinides. This configuration is used to
decontaminate items and clean them for future use or disposal.

Figure 2 MEQO System Model 5.b is a schematic representation of a

preferred embodiment using the Figure 1B anolyte reaction chamber
configuration. The Model 5.b uses the anolyte reaction chamber 5a in the

MEO apparatus depicted in Figure 1lA. This model is used for mixed waste
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and/or transuranic/actinides fluids, and mixtures which include small
particulate,

Figure 3 MEQO Controller for System Model 5.b is a schematic

representation of the MEO electrical and electronic systems. Figure 3 is
a representation of a general embodiment of a controller for the present
invention (with the understanding that not all of the components shown
therein must necessarily be employed in all situations) and others may be
added as needed for a particular application.

Figure 4 MEO System Model 5.b Operational Steps is a schematic

representation of the generalized steps of the brocess used in the MEO
apparatus System Model 5.b (with the understanding that not all of the
components shown therein must necessarily be employed in all situations)

and others may be added as needed for a particular application.

DETATLED DESCRIPTION OF PREFERRED EMBODIMENTS
MEO Chemistry

Mediated Electrochemical Oxidation (MEO) process chemistry described
in this patent uses oxidizer species as described in Table I (simple
anions redox couple mediators); Type I IPAs formed by Mo, W, V, Nb, Ta, or
mixtures there of as addenda atoms; Type I HPAs formed by incorporation
into the aforementioned IPAs of any of the elements listed in Table II
(heteroatoms) either singly or in combination there of; or any HPA
containing at least one heteroatom type (i.e., element) contained in both
Table I and Table II; or combinations of mediator species from any or all
of these generic groups. Since the anolyte and catholyte are completely
separated entities, it is not necessary for bo;h systems to contain the
same electrolyte. Each electrolyte may, independent of the other, consist
of an aqueous solution of acids, typically but not limited to nitric,
sulfuric, of phosphoric; alkali, typically but not limited to sodium or
potassium hydroxide; or neutral salt typically but not limited to sodium
or potassium salts of the aforementioned strong mineral acids.

The MEO Apparatus is unique in that it accommodates the numerous
choices of mediator ions and electrolytes by simply draining, flushing,
and refilling the system with the mediator/electrolyte system of choice.

Because of redundancy and similarity in the description of the

various mediator ions, only the iron and nitric acid combination is
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discussed in detail. However, it is to be understood that the following
discussion of the ferric/ferrate, (Fe*’)/(Fe0,?) redox couple reaction in
nitric acid (HNO3) also applies to all the aforementioned oxidizer species
and electrolytes described at the beginning of this section. Furthermore,
the following discussions of the interaction of ferrate ions with aqueous
electrolytes to produce the aforementioned free radicals also applies to
all aforementioned mediators having an oxidation potential sufficient to
be classified super oxidizers (SO). An SO has an oxidation potential at
least equal to that of the redox couple Ce**/Ce** which has a potential of
approximately 1.7 volts at 1 molar, 25°C and pH 1 in an acid electrolyte.

Figure 1A shows a MEO Apparatus in a schematic representation for
operating in the three modes (dissolution, destruction, and
decontamination) on mixed waste and/or transuranic/actinides.

At the anode of the electrochemical cell 25 Fe(III) ions (Fe”,
ferric) are oxidized to Fe(VI) ions (FeQq7?, ferrate),’

Fe'? + 4H,0 — Fe0,™® + 8H' + 3e~

If the anolyte temperature is sufficiently high, typically above
50°C, the Fe(VI) species may undergo a redox reaction with the water in
the aqueous anolyte. The oxidation of water proceeds by a sequenﬁe of
reactions producing a variety of intermediate reaction products, some of
which react with each other. A few of these intermediate reaction
products are highly reactive free radicals including, but not limited to
the hydroxyl (eOH) and hydrogen peroxy or perhydroxyl (eHO,) radicals.
Additionally, the mediated oxidizer species ions may interact with anions
present in the acid or neutral salt electrolyte (e.g., NO3~, S80,%, or
P03, etc.) to produce free radicals typified by, but not limited to eNOs,
or the anions may undergo direct oxidation at the anode of the cell. The
population of hydroxyl free radicals may be increased by ultraviolet
irradiation of the anolyte (see ultraviolet source 11) in the reaction
chambers 5(a,b,c) and buffer tank 20 to cleave the hydrogen peroxide
molecules, and intermediate reaction products, into two such radicals.
Free radical populations also be increased by ultrasonic vibration (see
ultrasonic source 9) induced by the aforementioned implosion generated
shock wave, augmented by the 4800°C temperature spike and 1000 atmospheres

pressure.
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These secondary oxidation species are capable of oxidizing mixed
waste and/or transuranic/actinides materials and thus act in consort with
Fe(VI) ions to oxidize the mixed waste and/or transuranic/actinides
materials.

The mediator oxidizing species reacts in the anolyte to produce the
secondary oxidizer species (free radicals). The free radical generated
reacts with and oxidizes a reductant. When the mixed waste has
halogenated hydrocarbons (such as solvents) in the mixture they react with
the reductants. The reductants are strong reducing agents and they reduce
the halogenated hydrocarbons which results in their dehalogenation. The
reduced halogens remain in solution as halogen ions, since Table I offer
alternative oxidizers to those previously used such as silver which would
precipitate. The remaining hydrocarbon molecules are oxidized to CO, and
water. Typical of this process is the removal of the chlorine from
halogen hydrocarbons such as PCBs. The chlorine remains in solution and
the remaining hydrocarbon molecules are further decomposed into CO, and
water. A resin column to avoid any release into the atmosphere may be
used to remove the chlorine. The oxidizing species is chosen from Table I
so as to avoid the forming of participates such as silver chloride. An
example of a suitable oxidizer from Table I would be the selection of the
iron oxidizer being discussed in the foregoing paragraphs.

The oxidizers react with the mixed waste to produce CO, and water.
These processes occur in the anolyte on the anode side of the system in
the reaction chambers 5(a,b,c,d), buffer tank 20, and throughout the
anolyte system when in solution. Addition of ferric ions to non-iron-
based MEO systems are also proposed as this has the potential for
increasing the overall rate of mixed waste and/or transuranic/actinides
oxidation compared to the non-iron MEO system alone. (Again it is to be
understood this discussion of the ferric/ferrate redox couple also applies
to all the aforementioned oxidizer species described at the beginning of
this section.) An example is considering the two step process of first of
which is to electrochemically forming a Fe0,? ion. In the second step is
the FeO,? ion oxidizes a mediator ion, from its reduced form (e.g.,
sulfate) to its oxidized form (e.g., peroxysulfate), faster than by the

direct anodic oxidation of the sulfate ion itself. Thus there is an
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overall increase in the rate of mixed waste and/or transuranic/actinides
destruction.

Membrane 27 separates the anode and the cathode chambers in the
electrochemical cell 25. Hydrogen ions (H') or hydronium ions (H30") travel
through the membrane 27 due to the electrical potential from the dc power
supply 29 applied between the anode(s) 26 and cathodes(s) 28. 1In the
catholyte the nitric acid is reduced to nitrous acid

3HNO3 + 6H' "+ 6e™— 3HNO, +H,0
by the reaction between the H' ions and the nitric acid. Oxygen is
introduced into the catholyte through the air sparge 37 located below the
liquid surface, and the nitric acid is regenerated,

3HNO, + 3/20, —> 3HNO,

In the case where the catholyte contain compounds other then
nitrogen such as sulfuric or phosphoric acids or their salts, the hydrogen
ions (H') or hydronium ions (H;0") contact the cathode and hydrcgen gas
evolves. The hydrogen gas is diluted with the air from the air sparge and
released to the atmosphere or the evolved hydrogen gas can be feed to
devices that use hydrogen as a fuel such as the fuel cells. The hydrogen
may under go purification prior to use (e.g., palladium diffusion, etc.)
and/or solid state storage (e.g., adsorption in zirconium, etc.).

In some cases oxygen 1is evolved at the anode due to the over voltage
necessary to create the oxidation species of some of the mediator ions.
The efficiency of these mediators is somewhat less under those conditions.
The eveolved oxygen can be feed to the devices that use hydrogen as a fuel
such as the fuel cells. Using the evolved oxygen to enrich the air above
its nominal oxygen content of 20.9 percent increases the efficiency of
fuel cells deriving their oxygen supply from ambient air.

The overall MEO process may be operate in three different modes
{dissolution, destruction, and decontamination). In the first mode
(dissolution) the process runs until the transuranics (such as a mixed
oxides or carbides, mixture of oxides or carbides of uranium and
plutonium, etc.) are totally dissolved into solution. The transuranic
materials are ﬁsually in form of powder or powder in solution.

The second mode (destruction) the process is operated such that the

mixed waste materials are reduced to CO,, water and small amounts of
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inorganic salts. These mixed waste materials are composed of any item
that has been used in connection with radioactive materials and have
become contaminated (e.g., clothing, rags, absorbents, etc.).

The third mode (decontamination) involves contaminated equipment,
instruments, glassware, containers (such as 50 gallon drums) and
materials. In this mode the MEO process destroys the mixed waste
materials that have contaminated them. Figure 1E is typical of this use.
These items are used as an anolyte reaction chamber and the electrolyte
containing the oxidizing species is introduced into them. The MEO process
cleans the contaminated items rendering them non-toxic and safe to reuse
or dispose of them.

In modes two and three the mixed waste 1s converted to carbon
dioxide, water, and a small amount of inorganic compounds and/or
transuranic/actinides in solution or as a precipitate, which may be
extracted by the inorganic compound removal and treatment system 15. The
MEO process will proceed until complete destruction of the mixed waste and
the dissolving of the transuranic/actinides on contaminated equipment,
instruments, glassware, containers (such as 50 gallon drums) and

materials.

Fach of the following patent(s)/co~pending applications are
incorporated herein by reference in their entireties:

Patent 6,402,932 issued June 11, 2002.
. Application SN 10/263,810 filed October 4, 2002.
. Bpplication SN 10/127,604 filed April 23, 2002.
Provisional Application SN 60/409,202 filed September 10, 2002.
Provisional Application SN 60/398,808 filed July 29, 2002.
.S. Provisional Application SN 60/398,808 filed July 29, 2002.
PCT/US02/03249 filed February 6, 2002.
PCT/US03/02151 based on U.S. Provisional Application SN 60/350,352
filed January 24, 2002. ’
PCT/US03/02152 based on U.S. Provisional Application SN 60/350,377
filed January 24, 2002.
PCT/US03/02153 based on U.S. Provisional Application SN 60/350,378
filed January 24, 2002.
PCT/US03/13051 based on U.S. Provisional Application SN 60/375,430
filed April 26, 2002.
PCT/US03/04065 filed February 12, 2003.
PCT/US02/33732 based on U.S. Provisional Application SN 60/330,436
filed October 22, 2001.

cacacaga
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PCT/US02/32040 based on U.S. Provisional Application SN 60/327,306
filed October 9, 2001.

These and further and other objects and features of the invention are
apparent in the disclosure, which includes the above and ongoing written

specification, with the drawings.

MEO Apparatus

A schematic drawing of the MEO apparatus shown in Figure 1A MEO

Apparatus Diagram illustrates the application of the MEO process to all

three modes of operation; dissolution, destruction and decontamination.
Figures 1B through 1F illustrate typical anolyte reaction chambers that
may be used will the overall system in Figure 1A. There are numerous
combinations of five anolyte reaction chambers and three modes of
operation.

The bulk of the anolyte resides in the anolyte reaction chambers
5(a,b,c,d) and the buffer tank 20. 1In the case where the mixed waste is
solids, liquids and large particles in suspension, the chamber is accessed
by raising the Lid 1 The anolyte portion of the electrolyte solution

contains for example Fe™®/Fe0,™?

redox couple anions and secondary
oxidizing species (e.g., free radicals, Hy0,, etc.).

The MEO apparatus is composed of two separate closed-loop systems
containing an electrolyte solution composed of anolyte and catholyte
solutions. The anolyte and catholyte solutions are contained in the
anolyte (A) system and the catholyte (B) system, respectively. These two

closed-loop systems are discussed in detail in the following paragraphs.

ANOLYTE SYSTEM (A)A

Referring to Figure 1A, the mixed waste and/or transuranic/actinides
may be a liquid, solid, a mixture of solids and liquids, or combined waste
and/or transuranic/actinides. Figures 1B through 1E provide preferred
embodiments of the anolyte reaction chambers 5a through 5d and buffer tank
20. '

The anolyte reaction chamber 5a in Figure 1B is designed for
liquids, mixtures, and small particulate and introduced in a continuous
feed mode. The mixed waste and/or transuranic/actinides is introduced
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into the anolyte reaction chamber 5a by input pump 10 through the Lid 1
into anolyte reaction chamber 5a. The apparatus continuously circulates
the anolyte portion of the electrolyte directly from the electrochemical
cell 25 through the anolyte reaction chamber 5a to maximize the
concentration of oxidizing species contacting the waste and/or
transuranic/actinides. The anolyte is introduced into the anolyte reaction
chamber 5a through the spray head 4(a) and stream head 4(b). The two
heads are designed to increase the exposure of the mixed waste and/or
transuranic/actinides to the anolyte by enhancing the mixing in the
anolyte reaction chamber 5a. Introducing the anolyte into the anolyte
reaction chamber 5a as a spray onto Ehe anolyte surface promotes contact
with (i.e., oxidation of) any immiscible organic surface layers present.
A filter 6 is located at the base of the reaction chamber 5a to limit the
size of the solid particles to approximately lmm in diameter (i.e.,
smaller that the minimum dimension of the anolyte flow path in the
electrochemical cell 25) thereby preventing solid_particles large enough
to clog the electrochemical cell 25 flow paths from exiting the reaction
chamber 5a. Contact of the oxidizing species with incomplete oxidation
products that are gaseous at the conditions within the reaction chamber 5a
may be further enhanced by\using conventional techniques for promoting
gas/liquid contact (e.g., ultrasonic vibration 9, mechanical mixing 7).
An ultraviolet source 11 is introduced into the anolyte reaction chamber
5a to decompose the hydrogen peroxide formed by the MEO process into free
hydroxyl radicals.

The anolyte reaction chamber 5b in Figure 1C is designed for solids,
mixtures and batch operations. The hinged 1id 1 is lifted, and the top of
the basket 3 is opened. The mixed waste and/or transuranic/actinides is
introduced into the basket 3 in the anolyte reaction chamber 5b where the
solid waste and/or transuranic/actinides remains while the liquid portion
of the waste and/or transuranic/actinides flows into the anolyte. The
basket 3 top is closed and the basket 3 is lowered by a lever 36 connected
to the 1id 1 into the anolyte such that all its contents are held
submerged in the anolyte throughout the oxidization process. TLid 1 has a
seal around the opening and it is locked before operation begins.

A mechanical device (penetrator 34) is incorporated into the basket

3 that create multiple perforations in the outer layers of the solid mixed
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waste and/or transuranic/actinides so that the anolyte can penetrate into
the waste and/or transuranic/actinides. This penetration speeds up the
oxidation of the solid mixed waste and/or transuranic/actinides by
increasing the surface area exposed to the anolyte oxidizer, and allowing
saild oxidizer immediate access to portions of the aforementioned waste
and/or transuranic/actinides that are encased in (i.e., protected by) more
difficult to oxidize surrounding outer layers.

The apparatus continuously circulates the anolyte portion of the
electrolyte directly from the electrochemical cell 25 through the anolyte
reaction chamber 5b to maximize the concentration of oxidizing species
contacting the waste and/or transuranic/actinides. The anolyte enters the
anolyte reaction chamber 5b and is injected through two nozzles; one a
spray head to distribute the anolyte throughout the anolyte reaction
chamber 5b, and the second is a stream head to promote circulation and
turbulence in the anolyte in the chamber. Introducing the anolyte into the
anolyte reaction chamber 5b as a spray onto the anolyte surface promotes
contact with (i.e., oxidation of) any immiscible organic surface layers
present, A filter 6 is located at the base of the anolyte reaction chamber
5b to limit the size of the solid particles to approximately lmm in diameter
(i.e., smaller that the minimum dimension of the anclyte flow path in the
electrochemical cell 25) thereby preventing solid particles large enough to
clog the electrochemical cell 25 flow paths from exiting the anolyte reaction
chamber 5b. Contact of the oxidizing species with incomplete oxidation
products that are gaseous at the conditions within the anolyte reaction
chamber 5b may be further enhanced by using conventional techniques for
promoting gas/liquid contact (e.g., ultrasonic vibration 9, mechanical
mixing 7). An ultraviolet source 11 is introduced into the anolyte
reaction chamber 5b to decompose the hydrogen peroxide formed by the MEO
process into free hydroxyl radicals.

The anolyte reaction chamber 5c¢ in Figure 1D is designed.to use an
anolyte reaction chamber that is exterior to the basic MEO apparatus.
Typical of this configuration is an apparatus that is similar to an
ultrasonic bath. The anolyte reaction chamber 5c may be integrated into a
production process to be used to destroy halogenated hydrocarbons as a
part of the process. The anolyte reaction chamber 5c¢ may be connected to

the basic MEO apparatus through tubing and a pumping system. The anolyte
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is pumped from the buffer tank 20 in the basic MEO apparatus by the pump 8
where it 1s introduced into the anclyte reaction chamber 5c¢ through spray
head 4(a) as a spray onto the anolyte surface thereby promoting contact
with (i.e., oxidation of) any immiscible organic surface layers present in
addition to reacting with (i.e., oxidizing) the mixed waste and/or
transuranic/actinides dissolved, suspended or submerged within the anolyte
in the anolyte reaction chamber 5c. The inlet to pump 8 is protected by an
in-line screen filter 6 which prevents solid particles large enough to clog
the spray head 4 (a) from exiting the buffer tank 20. Contact of the
oxidizing species with incomplete oxidation products that are gaseous at the
conditions within the anolyte reaction chamber 5c may be further enhanced by
using conventional technigues for promoting gas/liquid contact (e.g.,
ultrasonic vibration 9, mechanical mixing 7). An ultraviolet source 11 is
introduced into the anolyte reaction chamber 5c to decompose the hydrogen
peroxide formed by the MEO process into free hydroxyl radicals. The input
pump 10 pumps the anolyfe and mixed waste and/or transuranic/actinides
liquid in the aﬁolyte reaction chamber 5c¢ back to the buffer tank in the
basic MEO apparatus through a return tube protected by an in-line screen
filter 6 which prevents solid particles large enough to clog the spray head
4(a) from exiting the anolyte reaction chamber 5c¢c. A third tube is
connected to the anolyte reaction chamber 5c to pump out any gas that is
present from the original contents or from the MEO process. The gas is
pumped by the air pump 32. The return gas tube is submerged in the buffer
tank 20 in the basic MEO system so as to oxidize any volatile organic
compounds in the gas to CO; before release to the gas cleaning system 16.
Contact of the oxidizing species with incomplete oxidation products that are
gaseous at the conditions within the anolyte reaction chamber 5c¢ may be
further enhanced by using conventional techniques for promoting gas/liquid
contact (e.g., ultrasonic vibration 9, mechanical mixing 7). The apparatus
continuously circulates the anolyte portion of the electrolyte directly from
the electrochemical cell 25 through the buffer tank 20 to maximize the
concentration of oxidizing species contacting the waste and/or
transuranic/actinides.

The hinged lid 1 is lifted, and the top of the basket 3 is opened.
The mixed waste and/or transuranic/actinides is introduced into the

wastebasket 3 in the anolyte reaction chamber 5c¢c where the solid waste
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and/or transuranic/actinides remains while the liquid portion of the waste
and/or transuranic/actinides flows into the anolyte. The basket 3 top and
the lid 1 are closed and lid 1 has a seal around the opening and it is
locked before operation begins. With basket 3 1id closed, the basket 3 is
lowered into the anolyte so that all it contents are held submerged in the
anolyte throughout the oxidization process.

A mechanical device (penetrator 34) may be incorporated into the
basket 3 in the anolyte reaction chamber 5c that create multiple
perforations in the outer portion of the solid mixed waste and/or
transuranic/actinides so that the anolyte can rapidly penetrate into the
interior of the waste and/or transuranic/actinides. The penetrator 34
serves the same purpose it does in the anolyte reaction chamber 5b
described in the foregoing section. A filter 6 is located at the base of
the buffer tank 20 to limit the size of the solid particles to approximately
lmm in diameter (i.e., smaller that the minimum dimension of the anolyte flow
path in the electrochemical cell 25) thereby preventing solid particles large
enough to clog the electrochemical cell 25 flow paths from exiting the buffer
tank (20).

The anolyte reaction chamber 5d in Figure 1E is designed to use a
closed container exterior to the basic apparatus as the anolyte reaction
chamber. Figure 1E illustrates one example of an exterior container,
which in this case is a metal vessel such as a 50 gallon storage drum
containing mixed waste and/or transuranic/actinides. A similar system may
be applied to a largér buried storage tank with the same results.

The drum may be connected to the basic MEO apparatus through tubing
and a pumping system. The anolyte is pumped by the pump 8 from the buffer
tank 20 in the basic MEO apparatus into the anolyte reaction chamber 5d
where it reacts with the contents and oxidizes the mixed waste and/or
transuranic/actinides. The anolyte stream is oscillated within the
anolyte reaction chamber 5d to allow for thorough mixing and for cleaning
of the walls of the anolyte reaction chamber. The input pump 10 pumps the
anolyte and mixed waste and/or transuranic/actinides ligquid in the anolyte
reaction chamber 5d back to the buffer tank in the basic MEO apparatus
through a return tube protected by an in-line screen filter 6 which prevents
solid particles large enough to clog the spray head 4(a) from exiting the
anolyte reaction chamber 5d. A third tube is connected to the reaction
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chamber 5d through the air pump 32 to pump out any gas that is present
from the original contents or from the MEO process. The return gas tube
is submerged below the anolyte level in the buffer tank 20 in the basic
MEO system so as to oxidize any volatile organic compounds in the gas to
CO, before release to the gas cleaning system 16.

The anolyte from the electrochemical cell 25 is introduced into the
buffer tank 20 through the spray head 4(a) and stream head 4(b). The two
heads are designed to increase the exposure of the mixed waste and/or
transuranic/actinides to the anolyte by enhancing the mixing in the
anolyte reaction chambers. Introducing the anolyte into the buffer tank 20
as a spray onto the anolyte surface promotes contact with (i.e., oxidation
of) any immiscible halogenated hydrocarbon surface layers present.

The MEO apparatus continuously circulates the anolyte portion of the
electrolyte directly from the electrochemical cell 25 into the buffer tank
20 to maximize the concentration of oxidizing species contacting the waste
and/or transuranic/actinides. A filter 6 is located at the base of the
buffer tank to-limit the size of the solid particles to approximately lmm
in diameter (i.e., smaller than the minimum dimension of the anolyte flow
path in the electrochemical cell 25). Contact of the oxidizing species
with incomplete oxidation products that are gaseous at the conditions
within the buffer tank 20 may be enhanced by using conventional techniques
for promoting gas/liquid contact (e.g., ultrasonic vibration 9, mechanical
mixing 7). An ultraviolet source 11 is introduced into the buffer tank 20
to decompose the hydrogen peroxide formed by the MEO process into free
hydroxyl radicals.

All surfaces of the apparatus in contact with the anolyte are composed
of stainless steel, glass, or nonreactive pclymers (e.g.,
polytetrafluoroethylene (PTFE), PTFE lined tubing, etc), PTFE coated metallic
tubing, glazed ceramic, glazed metallic, and glazed composite from
metallurgic isostatic pressing. These materials provide an anolyte
containment boundary to protect the components of the MEO apparatus from
being oxidized by the electrolyte.

The anolyte circulation system contains a pump 19 and a removal and
treatment system 15 (e.g., filter, centrifuge, hydrocyclone, etc,) to
remove any insoluble inorganic compounds that form as a result of mediator
or electrolyte ions reacting with anions of or containing halogens,

34



WO 2004/012206 PCT/US2003/023491

sulfur, phosphorous, nitrogen, etc. that may be present in the waste
and/or transuranic/actinides stream thus preventing formation of unstable
compounds (e.g., perchlorates, etc.). The anolyte is then returned to the
electrochemical cell 25, where the oxidizing species are regenerated,
which completes the circulation in the anolyte system (A).

The residue of the inorganic compounds is flushed out of the
treatment system 15 during periodic maintenance if necessary. If
warranted, the insoluble inorganic compounds are converted to water-
soluble compounds using any one of several chemical or electrochemical
processes.

Waste and/or transuranic/actinides is added to the anolyte reaction
chambers 5(a,b,c,d) either continuously or in the batch mode depending on
the anolyte reaction configuration chosen.

The MEO system apparatus incorporates two methods that may control
the rate of destruction of mixed waste and/or dissolution of the
transuranic/actinides and control the order of which halogenated
hydrocarbon molecular bonds are broken. In first method the anolyte
temperature is initially at or below the operating temperature and
subsequently increased by the thermal controls 21 and 22 until the desired
operating temperature for the specific waste and/or transuranic/actinides
stream is obtained. In the second method the mixed waste and/ox
transuranic/actinides is introduced into the apparatus, with the
concentration of electrochemically generated oxidizing species in the
anclyte being limited to some predetermined value between zero and the
maximum desired operating concentration for the waste stream by
controlling of the electric current in the electrochemical cell 25 with
the dc power supply 29 and subsequently increased to the desired operating
concentration. These two methods can be used in combination.

The electrolyte is composed of an aqueous solution of mediator
species and electrolytes appropriate for the species selected and is
operated within the temperature range from approximately 0°C to slightly
below the boiling point of the electrolytic solution, usually less then
100°C, at a temperature or temperature profile most conducive to the

desired mixed waste destruction rate (e.g., most rapid, most economical,
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etc.). The acid, alkaline, or neutral salt electrolyte used is determined
by the conditions in which the species may exist.

Considerable attention has been paid to halogens, especially
chlorine and thelr deleterious interactions with silver mediator ions,
however this is of much less concern or importance to this invention. The
wide range of properties (e.g., oxidation potential, solubility of
compounds, cost, etc.) of the mediator species claimed in this patent
allows selection of a single or mixture of mediators either avoiding
formation of insoluble compounds, or easily recovering the mediator from
the precipitated materials, or being sufficiently inexpensive so as to
allow the simple disposal of the insoluble compounds as waste, while still
maintaining the capability to oxidize (i.e., destroy) the mixed waste
economically.

The mixed waste destruction process may be monitored by several
electrochemical and physical methods. First, various cell voltages (e.g.,
open circuit, anode vs. reference electrode, ilon specific electrode, etc.)
yield information about the ratic of oxidized to reduced mediator ion
concentrations which may be correlated with the amount of reducing agent
(i.e., mixed waste and/or transuranic/actinides) either dissolved in or
wetted by the anolyte. Second, if a color change accompanies the
transition of the mediator species between it’s oxidized and reduced
states (e.g., heteropoly blues, etc.), the rate of decay of the color
associated with the oxidized state, under zero current conditions, could
be used as a gross indication of the amount of reducing agent (i.e.,
oxidizable waste and/or transuranic/actinides) present. If no color
change occurs in the mediator, it may be possible to select another
mediator to simply serve as the oxidization potential equivalent of a pH
indicator. Such an indicator is required to have an oxidation potential
between that of the working mediator and the halogenated hydrocarbon .
species, and a color change associated with the oxidization state
transition.

The anolyte reaction chambers 5(a,b,c,d) off-gas consists of CO; and
CO from complete and incomplete combustion (i.e., oxidation) of the
carbonaceous material in the mixed waste, and possibly oxygen from
oxidation of water molecules at the anode. Standard anesthesiology

practice requires these three gases to be routinely monitored in real time
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under operating room conditions, while many other respiratory related
medical practices also require real time monitoring of these gases. Thus,
a mature industry exists for the production of miniaturized gas monitors
directly applicable to the continuous quantitative monitoring of anolyte
off~gas for the presence of combustion products. Although usually not as
accurate and requiring larger samples, monitors for these same gasses are
used in the furnace and boiler service industry for flue gas analysis.

The anolyte is circulated into the reaction chambers 5 (a,b,c,d)
through the electrochemical cell 25 by pump 19 on the anode 26 side of the
membrane 27. A membrane 27 in the electrochemical cell 25 separates the
anolyte portion and catholyte portion of the electrolyte.

Small thermal control units 21 and 22 are connected to the flow
stream to heat or cool the anolyte to the selected temperature range. If
warranted a heat exchanger 23 can be located immediately upstream from the
electrochemical cell 25 to lower the anolyte temperature within the cell
to the desired level. Another heat exchanger 24 can be located
immediately upstream of the anolyte reaction chamber inlet to control the
anolyte temperature in the reaction chamber to within the desired
temperature range to affect the desired chemical reactions at the desired
rates.

The electrochemical cell 25 is energized by a DC power supply 29,
which is powered by the AC power supply 30. The DC power supply 29 is low
voltage high current supply usually operating below 4V DC but not limited
to that range. The AC power supply 30 operates off a typical 110v AC line
for the smaller units and 240v AC for the larger units.

The oxidizer species population produced by electrochemical
generation (i.e., anodic oxidation) of the oxidized form of the redox
couples referenced herein can be enhanced by conducting the process at low
temperatures, thereby reducing the rate at which thermally activated
parasitic reactions consume the oxidizer.

Reaction products resulting from the oxidation processes occurring
in the anolyte system (A) that are gaseous at the anolyte operating
temperature and pressure are discharged to the condenser 13. The more
easily condensed products of incomplete oxidation are separated in the
condenser 13 from the anolyte off-gas stream and are returned to the

anolyte reaction chamber 5(a,b,c) or the buffer tank 20 for further
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oxidation. The non-condensable incomplete oxidation products (e.g., low
molecular weight organics, carbon monoxide, etc.) are reduced to
acceptable levels for atmospheric release by a gas cleaning system 16.
The gas cleaning system 16 is not a neceséary component of the MEO
apparatus for the destruction of most types of mixed waste and/or
dissolution of the transuranic/actinides.

If the gas cleaning system 16 is incorporated into the MEO
apparatus, the anolyte off-gas is contacted in a counter current flow gas
scrubbing system in the off-gas cleaning system 16 wherein the
noncondensibles from the condenser 13 are introduced into the lower
portion of the column through a flow distribution system of the gas
cleaning system 16 and a small side stream of freshly oxidized anolyte
direct from the electrochemical cell 25 is introduced into the upper
portion of the column. This results in the gas phase continuously
reacting with the oxidizing mediator species as it rises up the column
past the down flowing anolyte. Under these conditions the gas about to
exit the top of the column may have the lowest concentration of oxidizable
species and alsoc be in contact with the anolyte having the highest
concentration of oxidizer species thereby promoting reduction of any air
pollutants present down to levels acceptable for release to the
atmosphere. Gas-liquid contact within the column may be promoted by a
number of well established methods (e.g., packed column, pulsed flow,
ultrasonic mixing, etc,) that does not result in any meaningful‘
backpressure within the anolyte flow system. Anolyte exiting the bottom
of the countercurrent scrubbing column is discharged into the anolyte
reaction chamber 5(a,b,c) or buffer tank 20 and mixed with the remainder
of the anolyte. Unique waste and/or transuranic/actinides compositions
may result in the generation of unusual gaseous products that could more
easily be removed by more traditional air pollution technologies. Such
methodologies could be used in series with the afore described system as a
polishing process treating the gaseous discharge from the countercurrent
column, or if advantageous, instead of it. The major products of the
oxidation process are COp, and water (including minor amounts of CO and
inorganic salts), where the CO; is vented 14 out of the system.

An optional inorganic compound removal and treatment systems 15 is

used should there be more than trace amcunt of halogens, or other
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precipitate forming anions present in the mixed waste being processed,
thereby precluding formation of unstable oxycompounds (e.g., perchlorates,
etc.).

The MEO process proceeds until complete destruction of the mixed
waste and/or the dissolution of the transuranic/actinides has been

affected.

CATHOLYTE SYSTEM (B)

The bulk of the catholyte is resident in the catholyte reaction
chamber 31. All surfaces of the apparatus in contact with the catholyte are
composed of acid and alkaline resistant materials. The catholyte portion of
the electrolyte is circulated by pump 43 through the electrochemical cell
25 on the cathode 28 side of the membrane 27. The catholyte portion of
the electrolyte flows into a catholyte reservoir 31. Small thermal
control units 45 and 46 are connected to the catholyte flow stream to heat
or cool the catholyte to the selected temperature range.

External air is introduced through an air sparge 37 into the
catholyte reservoir 31. 1In the case where nitrogen compounds (such as
nitrates; are used in the catholyte, the oxygen contained in the air
oxidizes any nitrous acid and the small amounts of nitrogen oxides (NO,),
produced by the cathode reactions. Contact of the oxidizing gas with
nitrogen compounds (nitrous acid) may be enhanced by using conventional
techniques for promoting gas/liquid contact such as ultrasonic vibration
48, mechanical mixing 35, etc. Systems using non-nitric acid catholytes
may also require air sparging to dilute and remove off-gas such as
hydrogen. An off-gas cleaning system 39 is used to remove any unwanted
gas products (e.g. NO,, etc.). The cleaned gas stream, combined with the
unreacted components of the air introduced into the system is discharged
through the atmospheric vent 47.

Optional anolyte recovery system 41 is positioned on the catholyte
side. Some mediator oxidizer ions may cross the membrane 27 and this
option is available if it is necessary to remove them through the anolyte
recovery system 41 to maintain process efficiency or cell operability, or
their economic worth necessitates their recovery. Operating the
electrochemical cell 25 at higher than normal membrane 27 current

densities (i.e., above about 0.5 amps/cmz) increases the rate of mixed
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waste destruction and/or the dissolution of the transuranic/actinides, but
also result in increased mediator ion transport through the membrane into
the catholyte. It may be economically advantageous for the
electrochemical cell 25 to be operated in this mode. It is advantageous
whenever the replacement cost of the mediator species or removal/recovery
costs are less than the cost benefits of increasing the waste throughput
(i.e., oxidation rate) of the electrochemical cell 25. Increasing the
capitol cost of expanding the size of the electrochemical cell 25 can be

avoided by using this operational option.

MEQO CONTROLLER
An operator runs an MEO Apparatus (Figure 1A) by using an MEO
Controller. Figure 3 MEO Controller for System Model 5.b is used to

depict a typical controller such as would be used with MEO Apparatus
(Figure 1A). The controller 49 with microprocessor is connected to a
monitor 51 and a keyboard 53. The operator inputs commands to the
controller 49 through the keyboard 53 responding to the information
displayed on the monitor 51. The controller 49 runs a program that
sequences the steps for the operation of the MEO apparatus. The program
has pre-programmed sequences of standard operations that the operator may
follow or may choose his own sequences of operations. The controller 49
allows the operator to select his own seguences within limits that assure
a safe and reliable operation. The controller 49 sends digital commands
that regulates the electrical power (AC 30 and DC 29) to the various
components in the MEO apparatus; pumps 19 and 43, mixers 7 and 35, thermal
controls 21, 22, 45, 46, ultraviolet sources 11, ultrasonic sources 9 and
48, CO, vent 14, air sparge 37, and electrochemical cell 25. The
controller receives component response and status from the components.
The controller sends digital commands to the sensors to access sensor
information through sensor responses. The sensors in the MEO apparatus
provide digital information on the state of the various components.
Sensors measure flow rate 59, temperature 61, pH 63, CO, ,CO, Op, venting
65, degree of oxidation 67, alr sparge sensor 69, etc. The controller 49
receives status information on the electrical potential (voltmeter 57)
across the electrochemical cell, or individual cells if a multi-cell

configuration, and between the anode(s) and reference electrodes internal
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to the cell(s) 25 and the current (ammeter 55) flowing between the

electrodes within each cell.
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EXaMPL.E SYSTEM MODEL
A preferred embodiment, MEO System Model 5.b (shown in Figure 2 MEO

System Model 5.b) is sized for use for a small to mid-size application

for the destruction of solids and mixtures of solids and liquid mixed
waste and/or transuranic/actinides being batch feed. This embodiment
depicts a configuration using the system apparatus presented in Figures 1A
and 1C. Other preferred embodiments (representing Figures 1B, 1D, and 1E
have differences in the external configuration and size but are
essentially the same in internal function and components as depicted in
Figures 1A and 1C.

The preferred embodiment in Figure 2 comprises a housing 72
constructed of metal or high strength plastic surrounding the
electrochemical cell 25, the electrolyte and the foraminous basket 3. The
AC power is provided to the AC power supply 30 by the power cord 78. A
monitor screen 51 is incorporated into the housing 72 for displaying
“information about the system and about the waste and/or
transuranic/actinides being treated. Additionally, a control keyboard 53
is incorporated into the housing 72 for inputting information into the
system. The monitor screen 51 and the control keyboard 53 may be attached
to the system without incorporating them into the housing 72. 1In a
preferred embodiment, status lights 73 are incorporated into the housing
72 for displaying information about the status of the treatment of the
mixed waste and/or transuranic/actinides material. An air sparge 37 is
incorporated intoc the housing 72 to allow air to be introduced into the
catholyte reaction chamber 31 below the surface of the catholyte. In
addition, a CO2 vent 14 is incorporated into the housing 72 to all&w for
CO; release from the anolyte reaction chamber 5b via the gas cleaning
system 16 housed within. In a preferred embodiment, the housing includes
means for cleaning out the MEO waste treatment system, including a
flush(s) 18 and drain(s) 12 through which the anolyte and catholyte pass.
The preferred embodiment further comprises an atmospheric vent 47
facilitating the releases of gases into the atmosphere from the catholyte
reaction chamber 31 via the gas cleaning system 39. Other preferred

embodiment systems are similar in nature but are scaled up in size to
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handle a larger capacity of waste, such as a incinerator replacement
units.

The system has a control keyboard 53 for input of commands and data.
The On/Off button 74 is used to turn the apparatus power on and off.
There is a monitor screen 51 to display the systems operation and
functions. Below the keyboard 53 and monitor screen 51 are the status
lights 73 for on, off, and standby.

Mixed waste and/or transuranic/actinides is introduced into the
anolyte reaction chambers 5b as depicted in Figures 1C. In the case of
solid, mixtures, and batch feed operation, the hinged lid 1 is opened and
the mixed waste and/or transuranic/actinides is deposited in the basket 3
in the anolyte reaction chamber 5b. The top of basket 3 is closed and the
basket 3 is lowered so that the mixed waste and/or transuranic/actinides
is totally submerged in the anolyte. ILid 1 is closed and 1lid stop 2
keeps the 1lid opening controlled. The hinged lid 1 is equipped with a
locking latch 76 that is operated by the controller 49. A penetrator 34
attached to the basket 3 punctures the solids in the basket 3 thus
increasing the surface area exposed to the oxidizer and providing mediator
flow paths into the interior of the solid mixed waste and/or
transuranic/actinides. ,

In the ano%yte reaction chamber 5b is the aqueous acid, alkali, or
neutral salt electrolyte and mediated oxidizer species solution in which
the oxidized form of the mediator redox couple initially may be present or
may be generated electrochemically after introduction of the mixed waste
and/or transuranic/actinides and application of DC power 29 to the
electrochemical cell 25. Similarly, the mixed waste and/or
transuranic/actinides may be introduced when the anolyte is at or below
room temperature, operating temperature or some optimum intermediate
temperature. DC power supply 29 provides direct current to an
electrochemical cell 25. Pump 19 circulates the anolyte portion of the
electrolyte and the mixed waste and/or transuranic/actinides material is
rapidly oxidized at temperatures below 100°C and at ambient pressure. 2An
in-line filter 6 prevents solid particles large enough to clog the
electrochemical cell 25 flow paths from exiting this anolyte reaction
champer 5b. The oxidation process continues to break the materials down

into smaller and smaller molecules until the products are CO,, water, and
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some CO and inorganic salts. Any residue is pacified in the form of a
salt and may be periodically removed through the Inorganic Compound
Removal and Treatment System 15 and drain outlets 12. The basic design of
the MEO apparatus permits the user to change the type of electrolyte
without having to alter the equipment in the apparatus. The changing of
the electrolyte is accomplished by using the drain(s) 12 and flush(s) 18
or by opening the anolyte reaction chamber 5b and catholyte reaction
chamber 31 to introduce the electrolyte(s). The ability to change the
type of electrolyte(s) allows the user to tailor the MEO process to
differing mixed waste and/or transuranic/actinides properties. The
catholyte reservoir 31 has a screwed top 33 (shown in Figure 1A4), which
allow access to the reservoir 31 for cleaning and maintenance by service
personnel.

The MEO process advantageous properties of low power consumption and
very low loses of the mediated oxidizer species and electrolyte, provide
as an option for the device to be operated at a low power level during the
day to achieve a'slow rate of destruction of the mixed waste and/or the
dissolution of the transuranic/actinides throughout the day. While the
MEO apparatus is in this mode, mixed waste and/or transuranic/actinides is
added as it is generated throughout the day and the unit placed in full
activation during non-business hours.

The compactness of the device makes it ideal small and mid-size
applications as well as being suitable for use with high volume inputs of
industrial processes activities. The process operates at low temperature
and ambient atmospheric pressure and does not generate toxic compounds
during the destruction of the mixed waste and/or dissolution of the
transuranic/actinides, making the process indoors compatible. The system
is scalable to a unit large enough to replace a hospital incinerator
system. The CO, oxidation product from the anolyte system A is vented out
the CO, vent 14. The off-gas products from the catholyte system B is

vented through the atmospheric air vent 47 as shown.

Steps of the Operation of the MEQ System Model 5.b

The steps of the operation of the MEO process are depicted in Figure

4 MEQ System Model 5.b Operational Steps. These operational steps are

presented to illustrate the operation of one of the MEO apparatus’ from
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the four configurations previously discussed for oxidizing the various
types of mixed waste. When other anolyte reaction chambers 5{a,c,d)
configurations are used the series of steps would be similar to the ones
for Figure 1C which covers solids, mixtures of solids and liquids being
processed in a batch feed mode.

This MEO apparatus is contained in the housing 72. The MEO system
is started 81 by the operator engaging the 'ON' button 74 on the control
keyboard 53. The system controller 49, which contains a microprocessor,
runs the program that controls the entire sequence of operations 82. The
monitor screen 51 displays the steps of the process in the proper
sequence. The status lights 73 on the panel provide the status of the MEO
apparatus (e.g. on, off, ready, standby).

The mixed waste and/or transuranic/actinides is introduced into the
anolyte reaction chambers 5b as depicted in Figures 1C. In the case of
solids, mixtures, and batch operation, lid 1 is opened and the mixed waste
and/or transuranic/actinides (which can be in liquid, solid, and a
mixture) is placed 83 in the basket 3, whereupon the solid portion of the
mixed waste and/or transuranic/actinides is retained and the liquid
portion flows through the basket and into the anolyte. The locking latch
76 is activated.

The pumps 19 and 43 begin circulation 85 of the anolyte 87 and
catholyte 89, respectively. As soon as the electrolyte circulation is
established throughout the system, the mixers 7 and 35 begin %to operate 91
and 93. Depending upon mixed waste characteristics (e.g., reaction
kinetics, heat of reaction, etc.) it may be desirable to introduce the
mixed waste and/or transuranic/actinides into a room temperature or cooler
anolyte system with little or none of the mediator redox couple in the
oxidized form. Once flow is established the thermal controls units 21,
22, 45, and 46 are turned on 95/97, initiating predetermined anodic
oxidation and electrolyte heating programs.

The electrochemical cell 25 is energized 94 (by electrochemical cell
commands 56) to apply the correct voltage and current as is monitored by
the voltmeter 57 and ammeter 55 determined by the controller program. By
using programmed electrical power levels and electrolyte temperature it is
possible to maintain a predetermined mixed waste destruction and/or the

dissolution of transuranic/actinides rate profile such as a relatively
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constant reaction rate as the more reactive mixed waste and/or
transuranic/actinides components are oxidized, thus resulting in the
remaining mixed waste and/or transuranic/actinides becoming less and less
reactive, thereby requiring more and more vigorous oxidizing conditions.

The ultrasonic sources 9 and 48 and ultraviolet systems 11 are
activated 99 and 101 in the anolyte reaction chambers 5b and catholyte
reaction chamber 31 respectively, if those options are chosen in the
controller program.

The CO; vent 14 1s activated 103 to release CO, from the mixed waste
and/or transuranic/actinides oxidation process in the anolyte reaction
chambers S5b. Air sparge 37 draws air 105 into the catholyte reservoir 31,
and the air is discharged out the atmospheric vent 47. The progress of
the destruction process may be monitored in the controller (oxidation
sensor 67) by various cell voltages and currents 55, 57 (e.g., open
circuit, anode vs. reference electrode, ion specific electrodes, etc,) as
well as monitoring anolyte off-gas (using the sensor 65) composition for
COz, CO and oxygen content.

When the oxidation sensors 65 and 67 determine the desired degree of
mixed waste destruction and/or the dissolution of transuranic/actinides
has been obtained 107, the system goes to standby 1009. The system

cperator executes system shutdown 111 using the controller keyboard 53.
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Examples
The following examples illustrate the application of the process and the
apparatus.

Example (1) Destruction of Mixed Waste Surrogates:

The following surrogates have been destroyed in the MEO System
Apparatus: tungsten carbide, manganese dioxide, etc. The destruction
results were the oxidizing of the surrogates into solution.

Example (2) Efficient and Environmentally Safe Products: The MEQ

process produces oxidized the mixed waste into COz, water, and trace
inorganic salts all of which are considered benign for introduction into
the environment by regulatory agencies. The transuranic/actinides ions
produced by the MEO process are removed from the anolyte solution by
either a precipitation or filtering process. The cost of using the MEO
process in this invention is competitive with both the existing
methodologies (silver II, cobalt III, cerium IV and peroxysulfate). The
MEO process is uniquely suited for destruction of mixed waste because
water is actually a source of secondary oxidizing species, rather than
parasitic reactions competing for the mediator oxidizing species.
Furthermore, the energy that must be provided in the MEO process to heat
the waste stream water component from ambient to the electrolyte operating
temperature (i.e., 80°C maximum temperature increase) is trivial compared
to the water enthalpy increase required in incineration based processes.

Example (3) )_System Flexibility: The system is built so that the

composition of the electrolyte may be changed to adapt the system to a
given composition of the mixed waste and/or transuranic/actinides stream.
Different composition of mixed waste and/or transuranic/actinides stream
can be processed by the same system by either using the same electrolyte
or replacing the mediator and electrolyte (either or both the catholyte
and anolyte) more suitable for the alternative mixed waste and/or
transuranic/actinides. The system is configured with ports to flush and
drain the anolyte and catholyte separately.

Example (4) System By-Products are Safe: The system flexibility

provides for the introduction of more then one mediator ion resulting in

marked improvement in the efficiency of the electrolyte. Furthermore, the
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wide choice of mediators listed in Table I or available as POMs, -and
electrolytes in this patent, desensitizes the system to the formation of

participates in solution (i.e. allows increased ease in preventing
formation of unstable oxy compounds).

While the invention has been described with reference to specific
embodiments, modifications and variations of the invention may be
constructed without departing from the scope of the invention, which is

defined in the following characteristics and features.
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The invention provides the following new characteristics and features:

1. A process for treating and oxidizing mixed waste and/or
tranuranics/actinides materials comprising disposing an electrolyte in an
electrochemical cell, separating the electrolyte into an anolyte portion
and a catholyte portion with an ion-selective membrane or semi permeable
membrane applying a direct current voltage between the anolyte portion and
the catholyte portion, placing the mixed waste and/or
transuranic/actinides materials in the anolyte portion, and oxidizing the
mixed waste and/or transuranic/actinides materials in the anolyte portion
with a mediated electrochemical oxidation (MEO) process, wherein the
anolyte portion further comprises a mediator in aqueous solution and the
electrolyte is an acid, neutral or alkaline aqueous solution.

2. The process of paragraph 1, wherein:

a. the anolyte portion further comprises one or more simple anions
mediator ions species selected from the group described in Table I in the
aqueous solution and the electrolyte is an acid, neutral or alkaline
solution;

b. The oxidizing species are selected from one or more Type I
isopolyanions (i.e., complex anion redox couple mediators) containing
tungsten, molybdenum, vanadium, niobium, tantalum, or combinations thereof
as addenda atoms in aqueous solution and the electrolyte is an acid,
neutral or alkaline aqguecus solution;

c. The oxidizing species are selected from one or more Type I
heteropolyanions formed by incorporation into the aforementioned
isopolyanions, as heteroatoms, any of the elements listed in Table II,
either singly or in combination thereof in the aqueous solutions and the
electrolyte is an acid, neutral, or alkaline aqueous solution;

d. The oxidizing species are selected from one or more of any
heteropolyanions containing at least one heteroatom type (i.e., element)
contained in both Table I and Table II_in the aqueous solutions and the
electrolyte is an acid, neutral, or alkaline aqueous solution;

€. The oxidizing species are selected from combinations of anion
redox couple mediators from any or all of the previous four subparagraphs
(2a., 2b., 2c., and 2d.);

f. introducing catalyst additives to the electrolyte and
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contributing to kinetics of the mediated electrochemical processes while
keeping the additives from becoming directly involved in the oxidizing of
the mixed waste and/or transuranic/actinides materials;

g. adding stabilizing compounds to the electrolyte and stabilizing
higher oxidation state species of the simple and complex anion redox
couple mediators;

h. each of the species has normal valence states and higher valence
oxidizing states and further comprising creating the higher valence
oxidizing states of the oxidizing species by stripping electrons from
normal valence state species in the electrochemical cell;

i. the oxidizing species are “super oxidizers” (SO) {typically
exhibit oxidation potentials at least equal to that of the Ce*3/ce* redox
couple (i.e., i.7 volts at 1 molar, 25°C and pH 1)) which are redox couple
species that have the capability of producing free radicals such as
hydroxyl or perhydroxyl and further comprising creating secondary
oxidizers by reacting the SO’s with water;

j. using an alkaline solution for aiding decomposing of the mixed
waste and/or transuranic/actinides materials derived from the
saponification (i.e., base promoted ester hydrolysis) of fatty acids to
form water soluble alkali metal salts of the fatty acids (i.e., soaps) and
glycerin, a process similar to the production of socap from animal fat by
introducing it into a hot aqueous lye solution;

k. using an alkaline anolyte solution that absorbs CO, forming from
oxidation of the mixed waste sodium bicarbonate/carbonate solution which
subsequently circulates through the electrochemical cell, producing a
percarbonate oxidizer;

1. super oxidizers generating inorganic free radicals in aqueous
soluticns from species such as but not limited to carbonate, azide,
nitrite, nitrate, phosphite, phosphate, sﬁlfite, sulfate, selenite,
thiocyanate, chloride, bromide, iodide, and formate oxidizing species;

m. regenerating the anolyte portion within the electrochemical cell;

n., the membrane (separator between anolyte and catholyte solutions)
can be microporous plastic, sintered glass frit, etec.;

0. the impression of an AC voltage upon the DC voltage to retard the
formation of cell performance limiting surface films on the'electrode

and/or membranes;
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p. disposing a foraminous basket in the anolyte;

g. adding oxygen (this is necessary only for HNO;~ or NO3~ salts) to
the catholyte portion;

r. described in Table I (simple anions); Type I isopolyanions
containing tungsten, molybdenum, vanadium, niobium, tantalum, or
combinations thereof as addenda atoms; Type I heteropolyanions formed by
incorporation into the aforementioned isoopolyanions, as heteroatoms, any
of the elements listed in Table II, either singly or in combinations
thereof; or any heteropolyanions containing at least one hetercatom type
(i.e., element) contained in both Table I and Table II;

s. adjust the temperature (e.g. between 0° C and slightly below the
boiling point) of the anolyte before it enters the electrochemical cell to
enhance the generation of the oxidized form of the anion redox couple
mediator; and

t. adjust the temperature between 0° C and slightly below the
boiling point of the anolyte entering the anolyte reaction chamber to
affect the desired chemical reactions at the desired rates following the
léwering of the temperature of the anolyte entering the electrochemical

cell.

3. The process of paragraph 1, wherein:

a. introducing ultraviolet energy into the anolyte portion and
decomposing hydrogen peroxide into hydroxyl free radicals therein, thereby
increasing efficiency of the MEO process by converting products of
electron consuming parasitic reactions (i.e., ozone and hydrogen peroxide)
into viable free radical (i.e., secondary) oxidizers without the
consumption of additional electrons;

b. using a surfactant to be added to the anolyte promote dispersion
of the mixed waste or intermediate stage reaction products within the
aqueous solution when these mixed waste or reaction products are not
water-soluble and tend to form immiscible layers;

c. using simple and/or complex redox couple mediators, and attacking
specific halogenated hydrocarbon molecules with the oxidizing species
while operating at low temperatures thus preventing the formation of

dioxins and furans;
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c. breaking down mixed waste materials into organic compounds and
attacking the organic compounds using either the simple and/or complex
anion redox couple mediator or inorganic free radicals to generating
organic free radicals;

e. raising normal valence state anions to a higher valence state and
stripping the normal valence state anions of electrons in the
electrochemical cell; [The oxidized forms of any other redox couples
present are produced either by similar anodic oxidation or reaction with
the oxidized form of other redox couples present. The oxidized species of
the redox couples oxidize the mixed waste and/or transuranic/actinides
molecules and are themselves converted to their reduced form, whereupon
they are reoxidized by either of the aforementioned mechanisms and the
redox cycle continues];

f. circulating anions through an electrochemical cell to affect the
anodic oxidation of the reduced form of the reversible redox couple into
the oxidized form;

g. contacting anions with mixed waste and/or transuranic/actinides
materials in the anolyte portion;

h. circulating anions through the electrochemical cell;

i. involving anions with an oxidation potential above a threshold
value of 1.7 volts at 25°C and pH 1 (i.e., supér oxidizer) in a secondary
oxidation process and producing oxidizers;

j. adding a ultra-violet (UV) energy source to the anolyte portion
and augmenting secondary oxidation processes, breaking down hydrogen
peroxide into hydroxyl free radicals, and thus increasing the oxidation
processes; and

k. The oxidizer species addressed in this patent are described in
Table I (simple anions redox couple mediators): Type I IPAs formed by Mo,
W, V, Nb, Ta, or mixtures there of; Type I HPAs formed by incorporation
into the aforementioned IPAs if any of the elements listed in Table II
(heteroatoms) either singly or in thereof; Or any HPA containing at least
one heteroatom type (i.e., element) contained in both Table I and Table II

or combinations mediator species from any or all of these generic groups.

4, The process of paragraph 1, further comprising:
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a. using oxidizer species that are found in situ in the, mixed waste
to be destroyed, by circulating the mixed waste-anolyte mixture through an
electrochemical cell where the oxidized form of the in situ reversible
redox couple formed by anodic oxidation or alternately reacting with the
oxidized form of a more powerful redox couple, if added to the anolyte and
anodically oxidized in the electrochemical cell, thereby destroying the
mixed waste and/or the dissolution of the transuranic/actinides material;

b. using an alkaline electrolyte, such as but not limited to NaOH or
RKOH with mediator species wherein the reduced form of said mediator redox
couple displays sufficient solubility in said electrolyte to allow the
desired oxidation of the mixed waste to procéed at a practical rate. The
oxidation potential of redox reactions producing hydrogen ions (i.e., both
mediator species and mixed waste molecules reactions) are inversely
proportional to the electrolyte pH, thus with the proper selection of a
mediator redox couple, it is possible, by increasing the electrolyte pH,
to minimize the electric potential required to affect the desired
oxidation process, thereby reducing the electric power consumed per unit
mass of mixed waste destroyed and/or the dissolution of the
transuranic/actinides; c. the aqueous solution is chosen from acids such
as but not limited to nitric acid, sulfuric acid, or phosphoric acid, or
mixtures thereof; or alkalines such as but not limited to of sodium
hydroxide or potassium hydroxide, or mixtures thereof, or neutral
electrolytes,. such as but not limited to sodium or potassium nitrates,
sulfates, or phosphates or mixtures thereof; and d. the use of ultrasonic
energy induce microscopic bubble implosion which may be used to affect a
desired reduction in size of the individual second phase waste volumes

dispersed in the anolyte.

5. The process of paragraph 1, further comprising:

a. interchanging oxidizing speciles in a preferred embodiment without
changing equipment; and

b. the electrolyte is acid, neutral, or alkaline in aqueous

solution.

6. The process of paragraph 1, further comprising:
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a. separating the anolyte portion and the catholyte portion with an
ion-selective or semi permeable membrane or microporous polymer, porous
ceramic or glass frit membrane;

b. energizing the electrochemical cell at a electrical potential
sufficient to form the oxidized form of the redox couple having the
highest oxidation potential in the anolyte;

c. introducing mixed waste materials into the anolyte portion;

d. forming the reduced form of one or more reversible redox couples
by contacting with oxidizable molecules, the reaction with which oxidizes
the oxidizable material with the concuminent reduction of the oxidized
form of the reversible redox couples to their reduced form;

e, a ultrasonic source connected to the anolyte for augmenting
secondary oxidation processes by momentarily heating the hydrogen peroxide
in the electrolyte to 4800°C at 1000 atmospheres thereby dissociating the
hydrogen peroxide into hydroxyl free radicals thus increasing the
oxidation processes;

f. oxidation potentials of redox reactions producing hydrogen ions
are inversely related to pH;

g. the process is performed at a temperature from slightly above 0°C
to slightly below the boiling point of the electrolyte usually less then
100°C;

h. the temperature at which the process is performed is varied;

i. the treating and oxidizing mixed waste and/or
transuranic/actinides comprises treating and oxidizing solid waste and/or
transuranic/actinides;

j. the treating and oxidizing mixed waste and/ox
transuranic/actinides comprises treating and oxidizing liquid waste and/or
transuranic/actinides;

k. the. treating and oxidizing mixed waste and/or
transuranic/actinides comprises treating and oxidizing a combination of
liquids and solids; and

1. removing and treating precipitates resulting from combinations of
oxidizing species and other species released from the mixed waste during

destruction.
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7. The process of paragraph 1, further comprising that it is not necessary
for both the anolyte and catholyte solutions to contain the same
electrolyte raiher each electrolyte system may be independent of the
other, consisting of an aqueous solution of acids, typically but not
limited to nitric, sulfuric or phosphoric; alkali, typically but not
limited to sodium or potassium hydroxide; or neutral salt, typically but
not limited to sodium or potassium salts of the afore mentioned strong

acids.

8. The process of paragraph 1, further comprising the operating of the
electrochemical cell at a current density greater then .5 amp per square
centimeter across the membrane, even though this is the limit over which
there is the possibility that metallic anions may leak through the
membrane in small quantities, and recovering the metallic anions through a
devise such as a resin column thus allowing a greater rate of destruction

of materials in the anolyte chamber.

9. The process of paragraph 1, wherein:

a. the catholyte solution further comprises an aqueous solution and
the electrolyte in the solution is composed of acids, typically but not
limited to nitric, sulfuric or phosphoric; or alkali, typically but not
limited to sodium or potassium hydroxide; or neutral salt, typically but
not limited to sodium or potassium salts of the afore mentioned strong
acids;

b. adding oxygen (this is necessary only for HNO; or NO; salts) to
the catholyte portion;

c. concentration of electrolyte in the catholyte is governed by its
effect upon the conductivity of the catholyte solution desired in the
electrochemical cell;

d. ultrasonic energy induced microscopic bubble implosion is used to
affect vigorous mixing in the catholyte solution where it is desirable to
oxidize nitric acid and the small amounts of nitrogen oxides when nitric
acid is used in the catholyte electrolyte;

e. mechanical mixing is used to affect vigorous mixing in the
catholyte solution where it is desirable to oxidize nitric acid and the

small amounts of nitrogen oxides;
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f. air is introduced into the catholyte solution to promote
oxidation of nitric acid and the small amounts of nitrogen oxides when
nitric acid is used in the catholyte electrolyte;

g. air is introduced into the catholyte solution to dilute any
hydrogen produced in the catholyte solution before being released; and

h. hydrogen gas evolving from the cathode is feed to an apparatus
that uses hydrogen as a fuel such as a proton exchange membrane (PEM)fuel

cell.

10. An apparatus for treating and oxidizing mixed waste and/or
transuranic/actinides materials comprising an electrochemical cell, an
electrolyte disposed in the electrochemical cell, an ion-selective or semi
permeable membrane, disposed in the electrochemical cell for separating
the cell into anolyte and catholyte chambers and separating the
electrolyte into anolyte and catholyte portions, electrodes further
comprising an anode and a cathode disposed in the electrochemical cell
respectively in the anolyte and catholyte chambers and in the anolyte and
catholyte portions of the electrolyte, a power supply connected to the
anode and the cathode for applying a direct current voltage between the
anolyte and the catholyte portions of the electrolyte, and oxidizing of
the mixed waste and/or transuranic/actinides materials in the anolyte
portion with a mediated electrochemical oxidation (MEO) process wherein
the anolyte portion further comprises a mediator in aqueous sclution and
the electrolyte is an acid, neutral or alkaline aqueous solution.

11. The apparatus of paragraph 10, wherein:

a. adding stabilizing compounds to the electrolyte such as tellurate
or periodate ions which serve to overcome and stabilize the short lifetime
of the oxidized form of the higher oxidation state species of the simple
and complex anion redox couple mediators;

b. the oxidizer species addressed in this patent are described in Table
I (simple anions redox couple mediators);

c. the oxidizer species addressed in this patent are described in
Table I (simple anions redox couple mediators): Type I IPAs formed by Mo,
W, V, Nb, Ta, or mixtures there of; Type I HPAs formed by incorporation
into the aforementioned IPAs if any of the elements listed in Table IT

{heteroatoms) either singly or in thereof; Or any HPA containing at least
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one heterocatom type (i.e., element) contained in both Table I and Table
II;

d. the oxidizer species addressed in this patent are combinations
mediator species from any or all of these generic groups;

e. the oxidizing species are super oxidizers and further comprising
creating secondary oxidizers by reacting the super oxidizers with the
aqueous anolyte;

f. an alkaline solution for aiding decomposing the mixed waste and
the dissolution of the actinide materials;

g. an alkaline solution for absorbing CO; and forming alkali metal
bicarbonate/carbonate for circulating through the electrochemical cell for
producing a percarbonate oxidizer;

h. using oxidizing species from the MEO process inorganic free
radicals may be generatedin aqueous solutions derived from carbonate,
azide, nitrite, nitrate, phosphite, phosphate, sulfite, sulfate, selenite,
thiocyanate, chloride, bromide, iodide, and species;

i. organic free radicals for aiding the MEO process and breaking
down the mixed waste materials into simpler (i.e., smaller molecular
structure) organic compounds;

j. anions with an oxidation potential above a threshold value of 1.7
at 25°C and pH 1 volts (i.e., super oxidizer) for involving in a secondary
oxidation process for producing oxidizers;

k. the use of ultrasonic energy induce microscopic bubble implosion
which 1s used to affect a desired reduction in sized of the individual
second phase mixed waste volumes dispersed in the anolyte;

1. membrane can be microporous polymer, ceramic or glass frit;

m. with the possible impression of an AC voltage upon the DC voltage
to retard the formation of cell performance limiting surface films on the
electrode and/or membranes; and

n. external ailr is introduced through an air sparge into the
catholyte reservoir where oxygen contained in the air oxidizes nitrogen
compounds produced by the cathode reactions (this is necessary only when

nitrogen compounds can occur in the catholyte).

12, The apparatus of paragraph 10, wherein:
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a. each of the oxidizing species has normal valence states (i.e.,
reduced form of redox couple) and higher valence oxidizing states and
further comprising creating the higher valence oxidizing states (i.e.,
oxidized form of redox couple)of the oxidizing species by stripping and
reducing electrons off normal valence state species in the electrochemical
cell;

b. using species that are usable in alkaline solutions since
oxidation potentials of redox reactions producing hydrogen ions are
inversely related to pH which reduces the electrical power required to
destroy the mixed waste;

c. further oxidizing species, and attacking specific halogenated
hydrocarbon molecules with the oxidizing species while operating at
temperatures sufficiently low so as to preventing the formation of toxic
materials (such as dioxins and furans);

d. energlzing the electrochemical cell at a potential level
sufficient to form the oxidized form of the redox couple having the
highest oxidation potential in the anolyte;

e. adjust the temperature (e.g. between 0° C and slightly below the
boiling point) of the anolyte with the heat exchanger before it enters the
electrochemical cell to enhance the generation of the oxidized form of the

anion redox couple mediator; and

f. raise the temperature between 0° C and slightly below the
boiling point of the anolyte entering the anolyte reaction chamber with
the heat exchanger to affect the desired chemical reactions at the desired
rates following the lowering of the temperature of the anolyte entering

the electrochemical cell.

13. The apparatus of paragraph 10, wherein:

a. the oxidizing species are one or more Type I isopolyanions (i.e.,
complex anion redox couple mediators) containing tungsten, molybdenum,
vanadium, niobium, tantalum, or combinations thereof as addenda atoms in
aqueous solution and the electrolyte is an acid, neutral or alkaline
agueous solution;

b. the oxidizing species are one or more Type I heteropolyanions

formed by incorporation into the aforementioned isopolyanions, as
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heterocatoms, any of the.elements listed in Table II, either singly or in
combination thereof in the aqueous solutions and the electrolyte is an
acid, neutral, or alkaline aqueous solution;

c. the oxidizing species are one or more of any heteropolyanions
containing at least one heterocatom type (i.e., element) contained in both
Table I and Table II in the aqueous solutions and the electrolyte is an
acid, neutral, or alkaline aqueous solution;

d. the oxidizing species are combinations of anion redox couple
mediators from any or all of the previous four subparagraphs (13a., 13b.,
13c):

e. the oxidizing species are higher valence state of species found
in situ for destroying the mixed waste and/or the dissolution of actinide
material; and

f. the electrolyte is an acid, neutral, or alkaline aqueous

solution.

14, The apparatus of paragraph 10, further comprising:

a. the agueous solution is chosen from acids such as but not limited
to nitric acid, sulfuric acid, or phosphoric acid; alkalines such as but
not limited to of sodium hydroxide or potassium hydroxide; or neutral
electrolytes such as but not limited to sodium or potassium nitrates,
sulfates, or phosphates;

b. a with a ion-selective or semi-permeable , microporous polymer,
ceramic or sintered glass frit membrane for separating the anolyte portion
and the catholyte portion while allowing hydrogen or hydronium ion passage
from the anclyte to the catholyte;

c. oxidation potentials of redox reactions producing hydrogen ions
are inversely related to pH;

d. the mixed waste and/or transuranic/actinides is liquid waste;

e. the mixed waste and/or transuranic/actinides is solid waste;

f. the mixed waste and/or transuranic/actinides is a combination of
liquids and solids and non-organic waste; and

g. oxidizing species may be interchanged in a preferred embodiment

without changing equipment.

15. The apparatus of paragraph 10, further comprising:
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a. anolyte reaction chamber(s) 5(b,c) and buffer tank 20 housing the
bulk of the anolyte portion and the foraminous basket 3;

b. anolyte reaction chamber 5a housing the bulk of the anolyte
portion;

c. an anolyte reaction chamber 5d and buffer tank 20 housing the
bulk of the anolyte portion;

d. an input pump 10 is attached to the anolyte reaction chamber 5a
to enter liquid mixed waste and/or transuranic/actinides into the anolyte
reaction chamber 5a; '

e. a spray head 4(a) and a stream head 4(b) attached to the tubing
coming from the electrochemical cell 25 that inputs the anolyte containing
the oxidizer into the anolyte reaction chamber(s) 5(a,b,c) and buffer tank
20 in such a manner as to promote mixing of the incoming anolyte with the
anolyte already in the anolyte reaction chambers(s) 5(a,b,c);

f. a anolyte reaction chamber(s) 5(b,c) houses a foraminous baske£ 3
with a top that holds solid forms of the mixed waste and/or
transuranic/actinides in the electrolyte:;

g. a hinged 1id 1 attached to the reaction chamber(s) 5(a,b,c)
allowing insertion of mixed waste and/or transuranic/actinides into the
anolyte portion as liquid, solid, or a mixture of liquids and solids;

h. the lid 1 contains an locking latch 76 to secure the anolyte
reaction chamber(s) 5{a,b,c) during operation;

i. a suction pump 8 is attached to buffer tank 20 to pump anolyte to
the anolyte reaction chamber(s) 5(c,d);

j. an input pump 10 i1s attached to buffer tank 20 to pump anolyte
from the anolyte reaction chamber({s) 5(c,d) back to the buffer tank 20;
and

k. an air pump 32 is attached to buffer tank 20 to pump off gases
from the anolyte reaction chamber(s) 5(c,d) back to the buffer tank 20 for

further oxidation.

16. The apparatus of paragraph 10, further comprising:

a. an ultraviolet source 11 connected to the anolyte reaction
chamber (s) 5(a,b,c) and buffer tank 20 and decomposing hydrogen peroxide
into hydroxyl free radicals therein and increasing efficiency of the MEO

process by recovering energy through the oxidation of the mixed waste
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and/or transuranic/actinides materials in the anolyte chamber by these
secondary oxidizers;

b. an ultrasonic source 9 connected to the anolyte reaction
chamber(s) 5(a,b,c) and buffer tank 20 for augmenting secondary oxidation
processes by heating the hydrogen peroxide containing electrolyte to
produce extremely short lived and localized conditions of 4800°C and 1000
atmospheres pressure within the anolyte to dissociate hydrogen peroxide
into hydroxyl free radicals thus increasing the oxidation processes;

c. an ultrasonic energy 9 source connected into the anolyte reaction
chamber (s) 5(a,b,c) and buffer tank 20 for irradiating cell membranes in
nixed waste materials by momentarily raising temperature within the cell
membranes and causing cell membrane fail and rupture thus creating greater
exposure of cell contents to oxidizing species in the anolyte;

d. the use of ultrasonic energy for mixing material in the anolyte,
via the ultrasonic energy source 9, to induce microscopic bubble implosion
which is used to affect a desired reduction in size of the individual
second phase waste volumes and disperse throughout the anolyte;

. e. a mixer 35 for stirring the anolyte connected to the anolyte
reaction chamber(s) 5(a,b,c) and the buffer tank 20;

f. a CO, vent 14 for releasing CO, atmospherically;

g. an external CO, vent 14 connected to the housing for releasing CO
into the atmosphere;

h. a penetrator 34 is attached to the basket 3 to puncture the
solids thus increasing the surface area exposed to the oxidizer;

i. an inorganic compounds removal and treatment system 15 connected
to the anolyte pump is used should there be more than trace amount of
chlorine, or other precipitate forming anions present in the mixed waste
being processed, thereby precluding formation of unstable oxycompounds
(e.g., perchlorates, etc.);

j. an off-gas cleaning system 16 comprises scrubber/absorption
colunmns;

k. a condenser 13 connected to the anolyte reaction chamber (s)

5(a,b,c) and buffer tank 20;
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1. non-condensable incomplete oxidation products (e.g., low
molecular weight organics, carbon monoxide, etc.) are reduced to
acceptable levels for atmospheric release by a gas cleaning system 16;

m. gas-cleaning system 16 is not a necessary component of the MEO
apparatus for the destruction of most types of mixed waste;

n. if the gas cleaning system 16 is incorporated into the MEO
apparatus, the anolyte off-gas is contacted in a gas cleaning system 16
wherein the noncondensibles from the condenser 13 are introduced into the
lower portion of the gas cleaning system 16 through a flow distribution
system and a small side stream of freshly oxidized anolyte direct from the
electrochemical cell 25 is introduced into the upper portion of the
column, this results in the gas phase continuously reacting with the
oxidizing mediator species as it rises up the column past the down flowing
anolyte;

o. external drain 12, for draining to the organic compound removal
system 17 and the inorganic compounds removal and treatment system 15, and
for draining the anolyte system;

p. organic compounds recovery system 17 is used to recover a)
organic materials that are benign and do not need further treatment, and
b) organic materials (such as biphenyls) that may be used in the form they
have been reduced and thus would be recovered for that purpose;

qg. optional inorganic compound removal and treatment systems 15 is
used should there be more than trace amount of precipitate forming ions
present in the mixed waste being processed, thereby precluding formation
of unstable oxycompounds (e.g., perchlorates, etc.);

r. small thermal control units 21 and 22 are connected to the flow
stream to heat or cool the anolyte to the selected temperature range;

s. anolyte is circulated into the reaction chambers 5(a,b,c,d)
through the electrochemical cell 25 by pump 19 on the anode 26 side of the
membrane 27;

t. a flush(s) 18 for flushing the anolyte and catholyte system;

u., filter 6 is located at the base of the reaction chambers
5(a,b,c,d) and buffer tank 20 to limit the size of the solid particles to
approximately 1lmm in diameter;

v. membrane 27 in the electrochemical cell 25 separates the anolyte

portion and catholyte portion of the electrolyte;
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w. electrochemical cell 25 is energized by a DC power supply 29,
which i1s powered by the AC power supply 30;

x. DC power supply 29 is low voltage high current supply usually
operating below 4V DC but not limited to that range:;

y. AC power supply 29 operates off a typical 110v AC line for the
smaller units and 240v AC for the larger units;

z. electrolyte containment boundary is composed of materials
resistant to the oxidizing electrolyte (e.g., stainless steel, PTFE, PTFE
lined tubing, glass, etc.); and

aa. an electrochemical cell 25 connected to the anolyte reaction

chamber(s) 5(a,b,c) and buffer tank 20.

17. The apparatus of paragraph 10, wherein:

a. in the chambers 5(a,b,c) and buffer tank 20 is the aqueous acid,
alkali, or neutral salt electrolyte and mediated oxidizer species solution
in which the oxidizer form of the mediator redox couple initially may be
present or may be generated electrochemically after introduction of the
mixed waste and/or transuranic/actinides and application of DC power 30 to
the electrochemical cell 25;

b. mixed waste and/or transuranic/actinides is introduced when the
anolyte is at room temperature, operating temperature or some optimum
intermediate temperature;

c. DC power supply 30 provides direct current to an electrochemical
cell 25;

d. pump 19 circulates the anolyte portion of the electrolyte and the
mixed waste and/or transuranic/actinides material is répidly oxidized at
temperatures below 100°C and ambient pressure;

e. in-line filter 6 prevents solid particles large enough to clog
the electrochemical cell 25 flow paths from exiting this reaction chambers
5(a,b,c,d) and buffer tank 20;

f. residue is pacified in the form of a salt and may be periodically
removed through the Inorganic Compound Removal and Treatment System 15 and
drain outlets 12;

g. electrolyte may be changed through this same plumbing for

intreduction into the reaction chambers 5 and 31;
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h. catholyte reservoir 31 has a screwed top 33 (shown in Figure 1),
which allow access to the catholyte reservoir 31 for cleaning and
maintenance by service personnel;

i. the system is scalable to a unit large for a large industrial
application;

j. the process operates at low temperature and ambient atmospheric
pressure and does not generate toxic compounds during the destruction of
the mixed waste and/or transuranic/actinides, making the process indoors
compatible;

k. the system is scalable to a unit large for a large industrial
application; and

1. CO; oxidation product from the anolyte system A is vented out the

CO, vent 14.

18. The apparatus of paragraph 10, wherein:

a. an anolyte recovery system 41 connected to the catholyte pump
(43);

b. a thermal control unit 45 connected to the catholyte reservoir 31
for varying the temperature of the catholyte portion;

c. a catholyte reservoir 31 connected to the cathode portion of the
electrochemical cell;

d. bulk of the catholyte is resident in the catholyte reservoir 31;

e. catholyte portion of the electrolyte flows into a catholyte
reservoir 31;

f. an air sparge 37 connected to the catholyte reservoir 31 for
introducing air into the catholyte reservoir;

g. an anolyte recovery system 41 for capturing the anions and for
reintroducing the anions into the anolyte reaction chamber or disposal
from the catholyte electrolyte;

h, an off-gas cleaning system 39 for cleaning gases before release
into the atmosphere connected to the catholyte reservoir 31;

i. an atmospheric vent 47 for releasing gases into the atmosphere
connected to the off-gas cleaning system;

j. cleaned gas from the off-gas cleaning system 39 is combined with
unreacted components of the air introduced into the system and discharged

through the atmospheric vent 47;
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k. a catholyte reservoir 31 has a screwed top 33 (shown in Figure
14a), which allow access to the reservoir 31 for cleaning and maintenance
by service personnel;

1. a mixer 35 for stirring the catholyte connected to the catholyte
reservoir 31;

m. a catholyte pump 43 for circulating catholyte back to the
electrochemical cell connected to the catholyte reservoir;

n. a drain 12 for draining catholyte;

o. a flush 18 for flushing the catholyte system;

p. an air sparge 37 connected to the housing for introducing air
into the catholyte reaction chamber 31;

q. catholyte portion of the electrolyte is circulated by pump 43
through the electrochemiéal cell 25 on the cathode 28 side of the membrane
27;

r. small thermal control units 45 and 46 are connected to the
catholyte flow stream to heat or cool the catholyte to the selected
temperature range; '

s. contact of the oxidizing gas with the catholyte may be enhanced
by using conventional techniques for promoting gas/liquid contact by
ultrasonic vibration 48, mechanical mixing 35, etc.:;

t. operating the electrochemical cell 25 at higher than normal
membrane 27 current densities (i.e., above about 0.5 amps/cm?) increases
the rate of mixed waste destruction and/or the dissolution of the
transuranic/actinides, but also result in increased mediator ion transport
through the membrane into the catholyte;

u. optional anolyte recovery system 41 is positioned on the
catholyte side;

v. systems using non-nitric acid catholytes may also require air
sparging to dilute and remove off-gas such as hydrogen;

w. some mediator oxidizer ions may cross the membrane 27 and this
option is available if it is necessary to remove them through the anolyte
recovery system 41 to maintain process efficiency or cell operability, or
their economic worth necessitates their recovery:;

X. using the anolyte recovery system 41 the capitol cost of

expanding the size of the electrochemical cell 25 can be avoided; and
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y. operating the electrochemical cell 25 at higher than normal
membrane current density (i.e., above about 0.5 amps per centimeter

squared) improves economic .efficiency.

19. The apparatus of paragraph 10, wherein:

a. operator runs the MEO Apparatus (Figure 1A) and Figure 1B by
using the MEO Controller depicted in Figure 3 MEO System Model 5.b
Controller;

b. controller 49 with microprocessor is connected to a monitor 51
and a keyboard 53;

c. operator inputs commands to the controller 49 through the
keyboard 53 responding to the information displayed on the monitor 51;

d. controller 49 runs a program that sequences the steps for the
operation of the MEO apparatus;

e, program has pre-programmed sequences of standard operations that
the operator may follow or choose his own sequences of operations;

f. controller 49 allows the operator to select his own seguences
within limits that assure a safe and reliable operation;

g. controller 49 sends digital commands that regulates the
electrical power (AC 30 and DC 29) to the various components in the MEO
apparatus: pumps 19 and 43, mixers 7 and 35, thermal controls 21, 22, 45,
46, heat exchangers 23 and 24, ultraviolet sources 11, ultrasonic sources
9 and 48, CO, vent 14, air sparge 37, and electrochemical cell 25;

h. controller receives component response and status from the
components;

i. controller sends digital commands to the sensors to access sensor
information through sensor responses;

. sensors in the MEO apparatus provide digital information on the
state of the wvarious components;

k. sensors measure flow rate 59, temperature 61, pH 63, CO; venting
65, degree of oxidation 67, air sparge sensor 69, etc; and

1. controller 49 receives status information on the electrical
potential (voltmeter 57) across the electrochemical cell or individual
cells if a multi-cell configuration and between the anode(s) and reference
electrodes internal to the cell(s) 25 and the current (ammeter 55) flowing

between the electrodes within each cell.
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20. The apparatus of paragraph 10, wherein:

a. preferred embodiment, MEO System Model 5.b is sized for use for a
small to mid-size application for the destruction of solids and mixtures
of solids and liquid mixed waste and/or transuranic/actinides being batch
feed. This embodiment depicts a configuration using the system apparatus
presented in Figures 1A and 1C. Other preferred embodiments (representing
Figures 1B, 1D, and 1lE) have differences in the external configuration and
size but are essentially the same in internal function and components as
depicted in Figures 1A and 1B;

b. preferred embodiment in Figure 2 comprises a housing 72
constructed of metal or high strength plastic surrounding the
electrochemical cell 25, the electrolyte and the foraminous basket 3;

c. AC power is provided to the AC power supply 30 by the power cord
78;

d. monitor screen 51 is incorporated into the housing 72 for
displaying information about the system and about the mixed waste and/or
transuranic/actinides being treated;

e. control keyboard 53 is incorporated into the housing 72 for
inputting information into the system;

f. monitor screen 51 and the control keyboard 53 may be attached to
the system without incorporating them into the housing 72;

g. system model 5.b has a control keyboard 53 for input of commands
and data;

h. monitor screen 51 to display the systems operation and functions;

i. status lights 73 for on, off and standby, are located below the
keyboard 53 and monitor screen 51;

j. in a preferred embodiment, status lights 73 are incorporated into
the housing 72 for displaying information about the status of the
treatment of the mixed waste and/or transuranic/actinides material;

k. air sparge 37 is incorporated into the housing 72 to allow air to
be introduced into the catholyte reservoir 31 below the surface of the
catholyte;

1. a CO; vent 14 is incorporated into the housing 72 to allow for CO»

release from the anolyte reaction chamber housed within;
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m. in a preferred embodiment, the housing includes means for
cleaning out the MEO mixed waste and/or transuranic/actinides treatment
system, including a flush(s) 18 and drain(s) 12 through which the anolyte
and catholyte pass;

n. the preferred embodiment further comprises an atmospheric vent 47
facilitating the releases of gases into the atmosphere from the catholyte
reservoir 31;

o. hinged 1id 1 is opened and the mixed waste and/or
transuranic/actinides is deposited in the basket 3 in the anolyte reaction
chamber 5b;

p. 1lid stop 2 keeps lid opening controlled; and

g. hinged lid 1 is equipped with a locking latch 76 that is operated
by the controller 49. ’

21. The apparatus of paragraph 10, wherein:

a. MEO apparatus is contained in the housing 72;

b. MEO system is started 81 by the operator engaging the 'ON' button
(status buttons 73) on the control keyboard 53;

c. system controller 49, which contains a microprocessor, runs the
program that controls the entire sequence of operations 82;

d. monitor screen 51 displays the steps of the process in the proper
sequence;

e. status lights 73 on the panel provide the status of the MEO
apparatus (e.g. on, off, ready, standby):

f. 1id 1 is opened and the mixed waste and/or transuranic/actinides
is placed 83 in the basket 3 as a liquid, solid, or a mixture of liquids
and solids, whereupon the solid portion of the mixed waste and/or
transuranic/actinides . is retained and the liquid portion flows through the
basket 3 and into the anolyte;

g. locking latch 76 is activated after waste and/or
transuranic/actinides is placed in basket;

h. pumps'19 and 43 are activated which begins circulation 85 of the
anolyte 87 and catholyte 89, respectively;

i. once the electrolyte circulation is established throughout the

system, the mixers 7 and 35 begin to operate 91 and 93;
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J. depending upon waste and/or transuranic/actinides characteristics
(e.g., reaction kinetics, heat of reaction, etc.) it may be desirable to
introduce the mixed waste and/or transuranic/actinides into a room
temperature or cooler system with little or none of the mediator redox
couple in the oxidizer form;

k. once flow is established the thermal controls units 21, 22, 45,
and 46 are turned on 95/97, initiating predetermined anodic oxidation and
electrolyte heating programs; )

l. the electrochemical cell 25 is energized 94 (by cell commands 56)
to the electric potential 57 and current 55 density determined by the
controller program;

m. by using programmed electrical power and electrolyte temperature
ramps it is possible to maintain a predetermined mixed waste destruction
rate and/or the dissolution of the transuranic/actinides profile such as a
relatively constant reaction rate as the more reactive mixed waste and/or
transuranic/actinides components are oxidized, thus resulting in the
remaining waste and/or transuranic/actinides becoming less and less
reactive, thereby requiring more and more vigorous oxidizing conditions;

n. the ultrasonic 9 and 48 and ultraviolet systems 11 are activated
99 and 101 in the anolyte reaction chambers 5(a,b,c) and catholyte
reservoir 31 if those options are chosen in the controller program;

0. CO; vent 14 is activated 103 to release CO, from the mixed waste
and/or transuranic/actinides oxidation process in the anolyte reaction
chambers 5(a,b,c,d) and buffer tank 20;

p. air sparge 37 and atmospheric vent 47 are activated 105 in the
catholyte system;

q. progress of the destruction process is monitored in the
controller (oxidation sensor 67) by various cell voltages and currents 55,
97 (e.g., open circuit, anode vs. reference electrode, ion specific
electrodes, etc,) as well as monitoring COz, CO, and O, gas 65 composition
for CO;, CO and oxygen content;

r. mixed waste is being decomposed into water and CO, the latter
being discharged 103 out of the CO, vent 14;

s. air sparge 37 draws air 105 into the catholyte reservoir 31, and
excess air is discharged out the atmospheric vent 47;

t. when the oxidation sensor 67 determine the desired degree of
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mixed waste destruction and/or the dissolution of the
transuranic/actinides has been obtained 107, the system goes to standby
109;

u. MEO apparatus as an option may be placed in a standby mode with
mixed waste and/or transuranic/actinides being added as it is generated
throughout the day and the unit placed in full activation during non-

business hours; and

V. system operator executes system shutdown 111 using the controller
keyboard 53.
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We claim:

1. A treatment of waste process comprises oxidizing mixed waste
by (a) dissolution of transuranic elements plutonium, neptunium, americium,
curium, and californium, and/or compounds thereof in transuranic waste
(TRUW), low level waste (LLW), low level mixed waste (LLMW), special case
waste (SCW), and greater than class C (GTCC) LLW;. (b) destruction of non-

fluorocarbon organic component in the waste ; or (c) decontamination of

transuranic/actinide contaminated equipment, further comprising disposing an
electrolyte in an electrochemical cell, separating the electrolyte into an
anolyte portion and a catholyte portion with an ion-selective membrane or
semi permeable membrane, applying a direct current voltage between the
anolyte portion and the catholyte portion, placing the mixed waste and/or
transuranic/actinides materials in the anolyte portion, and oxidizing the
mixed waste and/or transuranic/actinides materials in the anolyte portion
with a mediated electrochemical oxidation (MEO) process, wherein the
anolyte portion further comprises a mediator oxidizing species in aqueous
solution and containing an ;cid, neutral or alkaline electrolytes.

2. The process of claim 1, wherein the mediator oxidizing species
is selected from the group of mediators described in Table I.

3. The process of claim 1, wherein the mediator oxidizing species
are selected from one or more of a group of Type I complex anion redox
couple isopolyanion mediators containing tungsten, molybdenum, vanadium,
niobium, tantalum, or combinations thereof as addenda atoms in agueous
sclution.

4, The process of claim 1, wherein the mediator oxidizing species
are selected from one or more of a group of Type I heteropolyanions formed
by incorporation into Type I isopolyanions, as heteroatoms, any of the
elements listed in Table II, either singly or in combination thereof in
the aqueous solution.

5. The process of claim 1, wherein the mediator oxidizing species
are selected from one or more of a group of heteropolyanions containing at
least one heteroatom type element contained in both Table I and Table II
in the aqueous solution.

6. The process of claim 1, wherein the mediator oxidizing species
are selected from a group of combinations of anion redox couple mediators

described in Tables I and II, and wherein reduced forms of the redox
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couples are reoxidized in the anolyte portion within the electrochemical
cell.

7. The process of claim 1, further comprising introducing
catalyst additives to the electrolyte and thereby increasing the kinetics
of the mediated electrochemical processes while keeping the additives from
becoming directly involved in the oxidizing of mixed waste materials.

8. The process of claim 1, further comprising adding stabilizing
compounds to the electrolyte for overcoming and stabilizing the short
lifeﬁime of oxidized forms of higher oxidation state species'of the
mediator oxidizing species.

9. The process of claim 1, wherein the mediator oxidizing species
are identified in Table I, and wherein each of the species has normal
valence states and higher valence oxidizing states and further comprising
creating the higher valence oxidizing states of the mediator oxidizing
species by stripping electrons from normal valence state species in the
electrochemical cell,

10. The process of claim 1, wherein the mediator oxidizing species
are super oxidizers which exhibit oxidation potentials of at least 1.7
volts at 1 molar, 25°C and pH 1 and which are redox couple species that
have the capability of producing free radicals of hydroxyl or perhydroxyl,
and further comprising creating free radical secondary oxidizers by
reacting the super oxidizers with water.

11. The process of claim 1, further comprising using an alkaline
solution, aiding decomposing of the biological materials in mixed waste
derived from base promoted ester hydrolysis, saponification, of fatty
acids, and forming water soluble alkali metal salts of the fatty acids and
glycerin in a process similar to the production of soap from animal fat by
introducing it into a hot aqueous lye solution.

12. The process of claim 1, further comprising using an alkaline
anolyte solution for absorbing CO, from the oxidizing of mixed waste
materials and forming bicarbonate/carbonate solutions, which subsequently
circulate through the electrochemical cell, producing percarbonate
oxldizers.

13. The process of claim 1, wherein the mediator oxidizing species
are super oxidizers, and further comprising generating inorganic free

radicals in aqueous solutions from carbonate, azide, nitrite, nitrate,
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phosphite, phosphate, sulfite, sulfate, selenite, thiocyanate, chloride,
bromide, iodide, and formate oxidizing species.

14. The process of claim 1, wherein the membrane is microporous
plastic, ion-selective, porous ceramic or sintered glass frit.

15. The process of claim 1, Ffurther comprising impressing an AC
voltage upon the direct current voltage for retarding formation of cell
performance limiting surface films on the electrodes or the membrane.

le6. The process of claim 1, further comprising disposing a
foraminous basket in the anolyte and holding the mixed waste in the
basket.

17. The process of claim 1, wherein the catholyte portion contains
HNO; or NO3~ salts, and further comprising adding oxygen to the catholyte
portion to suppress the formation of NO,.

18. The process of claim 1, wherein the mediator oxidizing species
is simple anions described in Table I, Type I isopolyanions containing
tungsten, molybdenum, vanadium, niobium, tantalum, or combinations thereof
as addenda atoms; Type I heteropolyanions formed by incorporation into the
aforementioned isopolyanions, as heteroatoms, any of tHe elements listed
in Table II, either singly or in combinations thereof; or any
heteropolyanions containing at least one heteroatom type contained in both
Table I and Table II.

19. The process of claim 1, further comprising adjusting
temperature between 0°C and slightly below the boiling point of the
anolyte portion before it enters the electrochemical cell for enhancing
generation of oxidized forms of the mediator oxidizing species, and
adjusting the temperature between 0°C and below the boiling temperature of
the anolyte portion entering the anolyte reaction chamber affecting
desired chemical reactions at desired rates.

20, The process of claim 1, further comprising introducing an
ultrasonic energy into the anolyte portion, rupturing cell membranes in
the biological materials in mixed waste by momentarily raising local
temperature and pressure within the cell membranes with the ultrasonic
energy to above several thousand degrees and thousand atmospheres, and
causing cell membrane failure.

21. The process of claim 1, further comprising introducing

ultraviolet energy into the anolyte portion and decomposing hydrogen
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peroxide into hydroxyl free radicals therein, thereby increasing
efficiency of the process by converting products of electron consuming
parasitic reactions, ozone and hydrogen peroxide, into viable free radical
secondary oxidizers without consumption of additional electrons.

22. The process of claim 1, further comprising adding a surfactant
to the anolyte portion for promoting dispersion of the mixed waste or
intermediate stage reaction products within the aqueous solution when the
mixed waste or reaction products are not water-soluble and tend to form
immiscible layers.

23. The process of claim 1, further comprising attacking specific
organic molecules in the mixed waste with the mediator oxidizing species
while operating at a sufficiently low temperatures and preventing
formation of dioxins and furans.

24. The process of claim 1, further comprising breaking down the
mixed waste materials into biological and organic compounds and attacking
these compounds using as the mediator simple and/or complex anion redox
couple mediators or inorganic free radicals and generating organic free
radicals,

25. The process of claim 1, further comprising raising normal
valence state mediator anions to a higher valence state by stripping the
mediator anions of electrons in the electrochemical cell, wherein oxidized
forms of weaker redox coupleé present in the mediator oxidizing species
are produced by similar anodic oxidation or reaction with oxidized forms
of stronger redox couples present and the oxidized species of the redox
couples oxidize molecules of the mixed waste and are themselves converted
to their reduced form, whereupon they are oxidized by the aforementioned
mechanisms and the redox cycle continues.

26. A process for treating waste comprising oxidizing mixed waste
materials by circulating anions of mediator oxidizing species in an
electrolyte through an electrochemical cell and affecting anodic oxidation
of reduced forms of reversible redox couples into oxidized forms,
contacting the anions with the mixed waste materials in an anolyte portion
of the electrolyte in a primary oxidation process, involving super
oxidizer anlons, having an oxidation potential above a threshold value of
1.7 volts at 1 molar, 25°C and pHl creating a free radical oxidizer driven

secondary oxidation process, adding energy from an energy source to the
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anolyte portion and augmenting the secondary oxidation processes, breaking
down hydrogen peroxide in the anolyte portion into hydroxyl free radicals,
and increasing an oxidizing effect of the secondary oxidation processes.

27. The process of claim 26, wherein the adding energy comprises
irradiating the anolyte portion with ultraviolet enerqgy.

28. The process of claim 26, wherein the adding energy comprises
introducing an ultrasonic energy source into the anolyte portion,
irradiating cell membranes in the mixed waste, momentarily raising local
temperature within the cell membranes, causing failure of the cell
membranes, and creating greater exposure of cell contents in the mixed
waste to oxidizing species in the anolyte portion.

29. The process of claim 26, wherein the adding energy comprises
introducing an ultrasonic energy source and/or an ultraviolet energy
source into the anoclyte portion, promoting formation of the hydroxyl free
radicals.

30. The process of claim 26, wherein the mediator oxidizing
species are simple anions redox couple mediators described in Table I;
Type I isopolyanions formed by Mo, W, V, Nb, Ta, or mixtures thereof; Type
I heteropolyanions formed by incorporation into the isopolyanions if any
of the elements listed in Table II (heteroatoms) either singly or in
thereof, or heteropolyanions containing at least one heteroatom type
element contained in both Table I and Table II or combinations of the
mediator oxidizing species from any or all of these generic groups.

31. The process of claim 26, further comprising using the mediator
oxidizing species that are found in situ in the mixed waste to be
decomposed, by circulating the mixed waste~anolyte mixture through the
electrochemical cell wherein an oxidized form of an in situ reversible
redox couple is formed by anodic oxidizing or reacting with an oxidized
form of a more powerful redox couple added to or already present in the
anolyte portion and anodically oxidized in the electrochemical cell,
thereby destroying biological and organic materials in the mixed waste

32. The process of claim 26, further comprising using an alkaline
electrolyte selected from a group consisting of NaOH or KOH and
combinations thereof, with the mediator oxidizing species, wherein a

reduced form of a mediator redox couple has sufficient solubility in said
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electrolyte for allowing desired oxidation of biological and organic
materials in the mixed waste.

33. The process of claim 26, wherein the oxidation potential of
redox reactions of the mediator oxidizing species and the biological and
organic molecules in the mixed waste producing hydrogen ions are inversely
proportional to electrolyte pH, and thus with a selection of a mediator
redox couple increasing the electrolyte pH reduces the electric potential
required, thereby reducing electric power consumed per unit mass of the
mixed waste destroyed.

34. The process of claim 26, wherein the electrolyte is an aqueous
solution chosen from acids, alkalines and neutral electrolytes and
mixtures thereof.

35. The process of claim 26, wherein the added energy comprises
using ultrasonic energy and inducing microscopic bubble expansion and
implosion for reducing in size individual second phase mixed waste volumes
dispersed in the anolyte

36. The process of claim 26, further comprising interchanging the
mediator oxidizing species without changing equipment, and wherein the
electrolyte is an acid, neutral or alkaline aqueous solution.

37. The process of claim 26, further comprising separating the
anolyte portion and a catholyte portion of the electrolyte with a hydrogen
or hydronium ion-permeable membrane, microporous polymer, porous ceramic
or glass frit membrane.

38. The process of claim 26, further comprising electrically
energizing the electrochemical cell at a potential level sufficient for
forming the oxidized forms of redox couples having highest oxidizing
potential in the anolyte, introducing the mixed waste into the anolyte
portion, forming reduced forms of one or more reversible redox couples by
contacting with oxidizable molecules, reacting and oxidizing oxidizable
material with concomitant reduction of the oxidized forms of the
reversible redox couples to their reduced forms, and wherein the adding
energy comprises providing an ultrasonic source connected to the anolyte
portion for augmenting secondary oxidizing processes by momentarily
heating the hydrogen peroxide in the electrolyte to 4800°C at 1000
atmospheres thereby dissociating the hydrogen peroxide into hydroxyl free

radicals thus increasing the oxidizing.
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39. The process of claim 38, wherein oxidation potentials of redox
reactions producing hydrogen ions are inversely related to PH;

40. The process of claim 26, wherein the process is performed at a
temperature from slightly above 0°C to slightly below the boiling point of
the electrolyte.

41. The process of claim 40, wherein the temperature at which the
process is performed is varied.

42. 'The process of claim 26, wherein the oxidizing and destroying
mixed waste materials comprises destroying and oxidizing solid mixed
waste.

43. The process of claim 26, wherein the oxidizing and destroying
mixed waste materials comprises oxidizing and destroying liquid mixed
waste.

44, The process of claim 26, wherein the oxidizing and destroying
mixed waste materials comprises oxidizing and destroying a combination of
liqguids and solids in mixed waste.

45, The process of claim 26, further comprising requiring removing
and treating precipitates resulting from combinations of the oxidizing
species and other species released from the mixed waste during destruction
and sterilization.

46.  The process of claim 26, further comprising a catholyte
portion of the electrolyte, and wherein the anolyte and catholyte portions
of electrolyte are independent of one another, and comprise aqueous
solutions of acids, alkali or neutral salt.

47, The process of claim 26, further comprising separating a
catholyte portion of the electrolyte from the anolyte portion with a
membrane, operating the electrochemical cell at a higher current density
across the membrane, and near a limit over which there is the possibility
that metallic anions may leak through the membrane in small quantities,
and recovering the metallic anions through a resin column, thus allowing a
greater rate of destruction of mixed waste materials in the anolyte
portion.

48. The process of claim 47, wherein the catholyte portion further
comprises an aqueous solution and the electrolyte in the solution is
composed of acids, alkali or neutral, and further comprising adding oxygen

to the solution when HNO3 or NO;~ can occur in the catholyte portion,
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controlling concentration of electrolyte in the catholyte to maintain
conductivity of the catholyte portion desired in the electrochemical cell,
providing mechanical mixing and/or ultrasonic energy induced microscopic
bubble formation, and implosion for vigorous mixing in the catholyte
solution for oxidizing the nitrous acid and small amcunts of nitrogen
oxides NO,, introducing air into the catholyte portion for promoting the
oxidizing of the nitrous acid and the small amounts of NO,, and diluting
any hydrogen produced in the catholyte portion before releasing the air
and hydrogen.

49, Apparatus for the use of a treatment of waste process comprises
oxidizing mixed waste by (a) dissolution of transuranic elements plutonium,
neptunium, americium, curium, and californium, and/or compounds thereof in
transuranic waste (TRUW), low level waste (LLW), low level mixed waste
(LLMW) , special case waste (SCW), and greater than class C (GTCC) LLW;. (b)
destruction of non-fluorocarbon organic component in the waste ; or (c)

decontamination of transuranic/actinide contaminated equipment, further

comprising an electrochemical cell, an aqueous electrolyte disposed in the
electrochemical cell, a hydrogen or hydronium ion-permeable or selective
membrane, disposed in the electrochemical cell for separating the cell
into anolyte andvcatholyte chambers and separating the electrolyte into
aqueous anolyte and catholyte portions, electrodes further comprising an
anode and a cathode disposed in the electrochemical cell respectively in
the anolyte and catholyte chambers and in the anolyte and catholyte
portions of the electrolyte, a power supply cohnected to the anode and the
cathode for applying a direct current voltage between the anolyte and the
catholyte portions of the electrolyte, and oxidizing of the materials in
the anolyte portion with a mediated electrochemical oxidation (MEO)
process wherein the anolyte portion further comprises a mediator in
aqueous solution for producing reversible redox couples used as oxidizing
species and the electrolyte is an acid, neutral or alkaline aqueous
solution.

50. The apparatus of claim 49, further comprising an anolyte
reaction chamber and buffer tank housing the bulk of the anolyte solution,
an input pump to enter liquid mixed waste materials into the anolyte
reaction chamber, a spray head and stream head to introduce the anolyte

from the electrochemical cell into the anolyte reaction chamber in such a
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manner as to promote mixing of the incoming anolyte and the anolyte
mixture in the anolyte reaction chamber, a hinged lid to allow insertion
of mixed waste into the anolyte portion as liquid, solid of combination of
both, a locking latch to secure the 1lid during operation of the system, a
suction pump attached to the buffer tank to pump anolyte from the buffer
tank to the anolyte reaction chamber, a input pump to pump anolyte from
the anolyte reaction chamber back to the buffer tank, and an air pump to
pump off gases from the anolyte reaction chamber back to the buffer tank
for further oxidation.

51. The apparatus of claim 49, further comprising a foraminous
basket disposed in the anolyte chamber for receiving the solid mixed waste
materials.

52. The apparatus of claim 49, further comprising additives
disposed in the electrolyte for contributing to kinetics of the mediated
electrochemical processes while keeping it from becoming directly involved
in the oxidizing of the mixed waste materials, and stabilizer compounds
disposed in the electrolyte for stabilizing higher oxidation state species
of oxidized forms of the reversible redox couples used as the mediator
oxidizing species in the electrolyte.

53. The apparatus of claim 49, wherein the mediator oxidizer
species are simple anions redox couple mediators described in Table I:
Type I isopolyanions formed by Mo, W, V, Nb, Ta, or mixtures there of,
Type I heteropolyanions formed by incorporation into the isopolyanions in
heteroatom elements listed in Table II, or any heteropolyanions containing
at least one heteroatom type element contained in both Table I and Table
II or combinations of mediator species from any or all of these generic
groups.

54. The apparatus of claim 49, wherein the mediator oxidizing
species are super oxidizers and further comprising creating secondary
oxidizers disposed in the anolyte portion by reacting with the super
oxidizers in the aqueous anolyte.

55, The apparatus of claim 49, wherein the anolyte portion
comprises an alkaline solution for alding decomposing the materials, for
absorbing CO;, for forming alkali metal bicarbonate/carbonate for
circulating through the electrochemical cell, and for producing a

percarbonate oxidizer.
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56. The apparatus of claim 49, wherein the anolyte portion further
comprises super oxidizers generating inorganic free radicals in aqueous
solutions derived from carbonate, azide, nitrite, nitrate, phosphite,
phosphate, sulfite, sulfate, selenite, thiocyanate, chloride, bromide, and
iodide species, anions with an oxidation potential above a threshold value
of 1.7 volts at 1 molar, 25°C and pHl (i.e., super oxidizer) for involving
in a secondary oxidation process for producing oxidizers, and organic free
radicals for aiding the process and breaking down the mixed materials into
simpler smaller molecular structure biological and organic compounds.

57. The apparatus of claim 49, further comprising an ultrasonic
energy source within or near the anclyte chamber for producing microscopic
bubbles and implosions for reducing in size individual second phase mixed
waste volumes dispersed in the anolyte.

538. The apparatus of claim 49, wherein the membrane is made of
microporous polymer, porous ceramic or glass frit.

59. The apparatus of claim 48, further comprising an AC source for
impression of an AC voltage upon the DC voltage to retard the formation of
cell performance limiting surface films on the electrodes and/or
membranes.

60. The apparatus of claim 49, further comprising an air sparge
connected to the catholyte reservoir, whereby oxygen contained in the air
oxidizes nitrous acid and the small amounts of nitrogen oxides (NO,),
produced by cathode reactions when HNO; or NO; salts are present in the
catholyte.

61. The apparatus of claim 49, wherein each of the mediator
oxidizing species has normal valence states in reduced forms of redox
couples and higher valence oxidizing states oxidized forms of redox
couples of the mediator oxidizing species created by stripping and
reducing electrons off normal valence state species in the electrochemical
cell.

62. The apparatus of claim 49, wherein the anolyte portions are
alkaline solutions and oxidation potentials of redox reactions producing
hydrogen ions are inversely related to pH, which reduces the electrical
power required to oxidize and destroying the mixed waste.

63. The apparatus of claim 49, wherein the mediator oxidizing

species attack specific organic molecules in the mixed waste while
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operating at temperatures sufficiently low so as to preventing the
formation of dioxins and furans.

64. The apparatus of claim 49, wherein the power supply energizes
the electrochemical cell at a potential level sufficient to form the
oxidized form of the redox couple having the highest oxidation potential
in the anolyte, and further comprising a heat exchanger connected to the
anolyte chamber for controlling temperature between 0°C and slightly below
the boiling temperature of the anolyte with the heat exchanger before the
anolyte enters the electrochemical cell enhancing the generation of
oxidized forms of the anion redox couple mediator, and adjusting the
temperature of the anolyte to the range between 0°C and slightly below the
boiling temperature when entering the anolyte reaction chamber.

65. The apparatus of claim 49, wherein the mediator oxidizing
species are one or more Type I isopolyanion complex anion redox couple
mediators containing tungsten, molybdenum, vanadium, niobium, tantalum, or
combinations thereof as addenda atoms in aqueous solution;

66. The apparatus of claim 65, wherein the mediator oxidizing
species are one or more Type I heteropolyanions formed by incorporation
into the isopolyanions, as heteroatoms, of the elements listed in Table
II, either singly or in combination thereof.

67. The apparatus of claim 49, wherein the mediator oxidizing
species are one or more hetercpolyanions containing at least one
heteroatom type element contained in Table I and Table II.

68. The apparatus of claim 49, wherein the mediator oxidizing
species are higher valence state of species found in situ for destroying
of mixed waste materials. '

69. The apparatus of claim 49, wherein the membrane is hydrogen or
hydronium ion semi permeable or ion-selective , microporous polymer,
porous ceramic or glass frit membrane for separating the anolyte portion
and the catholyte portion while allowing hydrogen or hydronium ion passage
from the anolyte to the catholyte.

70. The apparatus of claim 49, wherein oxidation potentials of
redox reactions producing hydrogen ions are inversely related to pH, the
mixed waste is liquid or solid, or a combination of liguids and solids,
and the oxidizing specles are interchangeable without changing other

elements of the apparatus.
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71. The apparatus of claim 49, further comprising an ultraviolet
source connected to the anolyte chamber for decomposing hydrogen peroxide
into hydroxyl free radicals as secondary oxidizers and increasing
efficiency of the process by recovering energy through the oxidation of
the mixed waste materials in the anolyte chamber by the secondary
oxidizers.

72. The apparatus of claim 49, further comprising an ultrasonic
source connected to the anolyte for augmenting secondary oxidation
processes by heating hydrogen peroxide containing electrolyte to 4800°C,
at 1000 atmospheres for dissociating hydrogen peroxide into hydroxyl free
radicals and thus increasing concentration of oxidizing species and rate
of waste destruction and for irradiating cell membranes in biological
materials in the mixed waste to momentarily raise the temperature within
the cell membranes to above several thousand degrees, causing failure of
the cell membranes, and creating greater exposure of cell contents to
oxidizing species in the anolyte.

73. The apparatus of claim 49, further comprising use of
ultrasonic energy, via the ultrasonic energy source communicating with the
anolyte for inducing microscopic bubble implosions to affect a reduction
in size of the individual second phase waste volumes dispersed in the
anolyte.

74. The apparatus of claim 49, further comprising an anolyte
reaction chamber holding most of the anolyte portion and a foraminous
basket, a penetrator attached to the basket to puncture solids increasing
the exposed area, and further comprising an external CO, vent connected to
the reaction chamber for releasing CO, into the atmosphere, a hinged 1lid
attached to the reaction chamber allowing insertion of waste into the
anolyte portion as ligquid, solid, or mixtures of liquids and solids, an
anolyte pump connected to the reaction chamber, an inorganic compounds
removal and treatment system connected to the anolyte pump for removing
chlorides, and other precipitate forming anions present in biological and
organic waste being processed, thereby precluding formation of unstable
oxycompounds.

75. The apparatus of claim 74, further comprising an off-gas
cleaning system, comprising scrubber/absorption columns connected to the

vent, a condenser connected to the anolyte reaction chamber, whereby non-
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condensable incomplete oxidation products, low molecular weight organics
and carbon monoxide are reduced to acceptable levels for atmospheric
release by the gas cleaning system, and wherein the anolyte off-gas is
contacted in the gas cleaning system wherein the noncondensibles from the
condenser are introduced into the lower portion of the gas cleaning system
through a flow distribution system and a small side stream of freshly
oxidized anolyte direct f&om the electrochemical cell is introduced into
the upper portion of the column, resulting in a gas phase continuously
reacting with the oxidizing mediator species as it rises up the column
past the down flowing anolyte, and external drain, for draining to an
organic compound removal system and the inorganic compounds removal and
treatment system, and for draining the anolyte system, wherein the organic
compounds recovery system is used to recover mixed waste materials that
are benign and do not need further treatment, and mixed waste materials
that will be used in the form they have been reduced.

76. The apparatus of claim 74, further comprising thermal control
units connected to heat or cool the anolyte to a selected temperature
range when anolyte is circulated into the reaction chamber through the
electrochemical cell by pump on the anode chamber side of the membrane, a
flush for flushing the anolyte, and a filter is located at the base of the
reaction chamber to limit the size of exiting solid particles to
approximately lmm in diameter.

7. The apparatus of claim 49, wherein the direct current for the
electrochemical cell is provided by a DC power supply, which is powered by
an AC power supply, and wherein the DC power supply is low voltage high
current supply operating at or below 10V DC and the AC power supply
operates off an about 110v AC line for the smaller units and about 240v AC
for larger units.

78. The apparatus of claim 49, further comprising an electrolyte
containment boundary composed of materials resistant to the oxidizing
electrolyte selected from a group consisting of stainless steel, PTFE,
PTFE lined tubing, glass and ceramics, and combinations thereof.

79. The apparatus of claim 49, further comprising an anolyte
recovery system connected to a catholyte pump, a catholyte reservoir
connected to the cathode portion of the electrochemical cell, a thermal

control unit connected to the catholyte reservoir for varying the
96



WO 2004/012206 PCT/US2003/023491

temperature of the catholyte portion, a bulk of the catholyte portion
being resident in a catholyte reservoir, wherein the catholyte portion of
the electrolyte flows into a catholyte reservoir, and further comprising
an air sparge connected to the catholyte reservoir for introducing air
into the catholyte reservoir.

80. The apparatus of claim 79, further comprising an anolyte
recovery system for capturing the anions and for reintroducing the anions
into the anolyte chamber upon collection from the catholyte electrolyte,
an off-gas cleaning system connected to the catholyte reservoir for
cleaning gases before release into the atmosphere, and an atmospheric vent
connected to the off-gas cleaning system for releasing gases into the
atmosphere, wherein cleaned gas from the off-gas cleaning systenm is
combined with unreacted components of the air introduced into the system
and discharged through the atmospheric vent 47.

81. The apparatus of claim 79, further comprising a screwed top on
the catholyte reservoir to facilitate flushing out the catholyte
reservoir, a mixer connected to the catholyte reservoir for stirring the
catholyte, a catholyte pump connected to the catholyte reservoir for
circulating catholyte back to the electrochemical cell, a drain for
draining catholyte, a flush for flushing the catholyte system, and an air
sparge connected to the housing for introducing air into the catholyte
reservoir, wherein the catholyte portion of the electrolyte is circulated
by pump through the electrochemical cell on the cathode side of the
membrane, and wherein contact of oxidizing gas with the catholyte portion
of the electrolyte is enhanced by promoting gas/liquid contact by
mechanical and/or ultrasonic mixing.

82. The apparatus of claim 49, wherein the electrochemical cell is
operated at high membrane current densities for increasing a rate of mixed
waste destruction, also results in increased mediator ion transport
through the membrane into the catholyte, and further comprising an anolyte
recovery system positioned on the catholyte side, air sparging on the
catholyte side to dilute and remove off-gas and hydrogen, wherein some
mediator oxidizer species cross the membrane and are removed through the
anolyte recovery system to maintain process efficiency or cell

operability.
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83. The apparatus of claim 49, further comprising a controller, a
microprocessor, a monitor and a keyboard connected to the cell for
inputting commands to the controller through the keyboard responding to
the information displayed on the monitor, a program in the controller
sequencing the steps for operation of the apparatus, program having pre-
programmed sequences of operations the operator follows or chooses other
sequences of operations, the controller allows the operator to select
sequences within limits that assure a safe and reliable operation, the
controller sends digital commands that regulate electrical power to pumps,
mixers, thermal controls, ultraviolet sources, ultrasonic sources, COs
vents, air sparge, and the electrochemical cell, the controller receives
component response and status from the components, the controller sends
digital commands to the sensors to access sensor information through
sensor responses, sensors in the apparatus provide digital information on
the state of components, sehsors measure flow rate, temperature, pH, CO,
venting, degree of oxidation, and air sparging, the controller receives
status information on electrical potential across the electrochemical cell
or individual cells in a multi-cell configuration and between reference
electrodes internal to the anolyte and catholyte chambers of the
electrochemical cells and the current flowing between the electrodes
within each cell.

84. A mixed waste destruction system which, comprising a housing
constructed of metal or high strength plastic surrounding an
electrochemical cell, electrolyte and a foraminous basket in the cell, an
AC power supply with a power cord, a DC power supply connected to the AC
power supply, the DC power supply providing direct current to the
electrochemical cell, an anolyte reaction chamber with a basket, an air
sparge for introducing air into a catholyte reservoir below a surface of a
catholyte, a CO, vent incorporated into the housing to allow for CO,
release from the anolyte reaction chamber, an atmospheric vent
facilitating the releases of gases into the atmosphere from the catholyte
reservoir, a hinged lid for opening and depositing the organic waste in
the basket in the anolyte reaction chamber, a locking latch connected to
the hinged lid, and in the anolyte reaction chamber an anolyte portion
further comprising an agqueous acid, alkali, or neutral salt electrolyte

and mediated oxidizer species solution in which an oxidizer form of a
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mediator redox couple initially may be present or may be generated
electrochemically after introduction of the waste and application of DC
power to the electrochemical cell, a controller with a control keyboard
for input of commands and data, a monitor screen to display operations and
functions of the systems, status lights for displaying information about
status of the treatment of the mixed waste material, 85. The system
of claim 84, wherein the mixed waste is introduced when the anolyte is at
room temperature, operating temperature or intermediate temperature, and
the mixed waste material is rapidly oxidized at temperatures below boiling
point of the anolyte portion at ambient pressure, and further comprising a
pump circulating the anolyte portion of the electrolyte, an in-line filter
preventing solid particles large enough to clog electrochemical cell Flow
paths from exiting the reaction chamber, an inorganic compound removal and
treatment system and drain outlets connected to the anolyte reaction
chamber, whereby residue is pacified in the form of a salt and
periodically removed, and a removable top connected to a catholyte
reservoir allowing access to the reservoir for cleaning and maintenance.
86. A mixed waste oxidizing process, comprising an operator
engaging an 'ON' button on a control keyboard, a system controller which
further comprises a microprocessor, running a program and controlling a
sequence of operations, a monitor screen displaying process steps in
proper sequence, status lights on a panel preoviding status of the process,
opening a lid and placing the mixed waste in a basket as a liquid, solid,
or a mixture of liquids and solids, retaining a solid portion of the mixed
waste and flowing a liquid portion through the basket and into an anolyte
reaction chamber, activating a locking latch after the mixed waste is
placed in the basket, activating pumps and circulating anolyte and
catholyte, once the circulating is established throughout the system,
operating mixers, once flow is established, turning on thermal control
units, and initiating anodic oxidizing and electrolyte heating programs,
energizing an electrochemical cell to electric potential and current
density determined by the program of the controller, using programmed
electrical power and electrolyte temperature ramps for maintaining a
predetermined mixed waste destruction rate profile as a relatively
constant reaction rate as more reactive waste components are oxidized,

thus resulting in the remaining waste becoming less and less reactive,
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providing more vigorous oxidizing conditions by activating ultrasonic and
ultraviolet systems in the anolyte reaction chamber and catholyte
reservolr, releasing CO, from the biological and organic materials in the
mixed waste oxidizing process in the anolyte reaction chamber, activating
air sparge and atmospheric vent in a catholyte system, monitoring progress
of the process in the controllér by cell voltages and currents, meonitoring
COz, CO, and O, gas composition for CO;, CO and oxygen content, decomposing
the mixed waste into water and CO,, the latter being discharged out of the
CO; vent, air sparging drawing air into a catholyte reservoir, and
discharging excess air out of an atmospheric vent, determining with an
oxidation sensor that desired degree of mixed waste destruction has been
obtained, setting the system to standby, and executing system shutdown
using the controller keyboard system operator.

87. The process of claim 86, further comprising placing the system
in a standby mode during the day and adding mixed waste as it is generated
throughout the day, placing the system in full activation during non-
business hours, operating the system at low temperature and ambient
atmospheric pressure and not generating toxic compounds during the
oxidation of the mixed waste, making the process indoors compatible,
scaling the system between units small enough for use by a single
practitioner and units large enough for replacing hospital incinerators,
releasing CO, oxidation product from the anolyte system out through the
CO; vent, and venting off-gas products from the catholyte reservoir
through the atmospheric vent.

88. The process of claim 86, further comprising introducing the
mixed waste into a room temperature or cooler system with little or none
of the mediator redox couple in the oxidizer form, depending upon reaction

kinetics, heat of reaction and similar waste characteristics.
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