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Waste Minimization via Destruction of Hazardous

Organics

L. R. Austin

Nuclear Materials Technology Division,

Los Alamos National Laboratory

ABSTRACT

Los Alamos National Laboratory is developing

technologies that are capable of destroying

hazardous organics, that is, converting them

basically to water and carbon dioxide. If

these technologies were incorporated into the

main processing operation where the waste is

produced, then the volume and toxicity of the

hazardous or mix hazardous waste generated

would be significantly reduced. This

presentation will briefly discuss some of the
waste treatment technologies under

development at Los Alamos National Laboratory

focused on destroying hazardous organics.

INTRODUCTION

Many industrial processes use hazardous organic

chemicals. Often, these hazardous chemicals contribute

to the waste generated from the processes. If the

processing inyolves radionuclides, the resultant waste
becomes a mixed hazardous waste, which may be more
difficult to deal with.

Waste treatment technologies have emerged as a

high priority concern for both the Department of Energy

as well as industry

For the Department of Energy, mixed hazardous

wastes pose a special problem. Today, the accepted

method of handling these wastes is to immobilize,

package, and store them in a repository where the risk
of harm to the environment is minimized. This usually

creates significantly more total waste volume. With

increasing costs for disposing of such wastes

(particularly those containing radionuclides), it

simply does not make sense to increase the waste volume

and thus storage costs.



Incineration is an effective method of

significantly reducing the total waste volume, but is

usually accompanied with negative public acceptance,

particularly for wastes containing radionuclides. The

negative public reaction to incineration also usually

results in a very high cost to construct and license

such a facility. Incinerators are over regulated which

usually translates into an extra expensive facility.

Los Alamos scientists and engineers are focusing

their talents on technologies to treat these wastes and

render them significantly less hazardous. The concept
is to destroy the hazardous compounds, turning organics
into carbon dioxide and water and to extract and
concentrate the radionuclides as to minimize the

storage volume and costs. By properly integrating the

treatment technology into the main line processing
operations, the net result becomes one of waste

minimization, since the volume and toxicity of waste

generated would be greatly reduced.

A comprehensive waste-treatment program exists at

Los Alamos. It is clear that no single technology

would be ideally suited for all waste types. The

Program at Los Alamos will evaluate technologies and

waste types, and then based on a comprehensive over-all

economic assessment provide technical data that can be

used to integrate the waste processing technologies

into the operating plants. The immediate focus at Los

Alamos is on the large volumes of waste within the

Department of Energy but clearly, most of the results

of this program could apply to waste problems

throughout industry.

TECHNOLOGIES:

Microwave Detoxification of Organics.

Scouting experiments have shown that microwave

energy can induce chemical reactions to detoxify

organics at lower temperatures and with greater

efficiency than conventional heating. An experimental

program is underway to evaluate this technology with

respect to various mixed waste matrices to determine

reaction rates and mechanisms, and other parameters
that could be used for an economic assessment with

respect to alternative technologies.



The major advantages of microwave heating over
conventional thermal heating are:

i. Chemical reactions are enhanced (higher rates

at lower bulk temperature) due to direct
microwave activation at the solid-vapor
interface.

2. Waste materials can be heated without heating
containers.

3. Waveguide windows can effectively isolate the

microwave generator from the reactor to
minimize contamination and human exposure.

4. More efficient and faster processing is

possible.

A number of catalyzed reactions have been

investigated experimentally. Preliminary analysis of
the results indicate that rates of chemical reactions

taking place at solid surfaces can be increased several

decades by microwave absorption. Also such reactions

proceed to completion at temperatures which are i00 to
200°C lower than that required by conventional

heating.

For example, trichloroethylene (TCE) in air can be
converted almost completely (99%) to carbon dioxide and

hydrochloric acid in a microwave heated fluidized bed

reactor at 500°C. The same experiment but heating

thermally destroys only about 35% of the TCE, but in

addition, produces by-products such as phosgene and

carbon tetrachloride, which are more hazardous than the

TCE. We have also demonstrated that by mixing the

mineral Nahacolite (NaHCO_) in the bed with the
silicon carbide, the hydrochloric acid can be removed
as sodium chloride.

The feasibility exists of using a microwave system

to destroy hazardous volatile organics in air. The

concept is as follows. The gas is filtered through an
activated carbon bed to trap and remove the volatile

organics. The carbon filter medium is regenerated

using a microwave heated fluidized bed. Because the

activated carbon is recycled, the waste generated is
minimal.

For more information on this subject, please contact

the Principal Investigators: Ravi Varma, MST-4,

(505) 667-1998 or J. D. Katz, MST-4, (505) 665-1424



Electron-Beam Destruction of Aqueous-Based Hazardous
Organic Wastes.

High energy electron beams provide an effective,
non-selective method of destroying hazardous organic
compounds in aqueous solution. The process of E-Beam
irradiation is best understood in aqueous solutions in
which sizable quantities of free radicals

(e-au, H', and OH') and the more stable oxidant
hydrdgen peroxide are produced. These highly reactive
species decompose the organic contaminants to produce
carbon dioxide, water and salts, which are no longer
hazardous.

Electron-beam destruction has advantages over
existing industrial waste treatment technologies
because it is not sensitive to the water quality. This
technology is particularly attractive for halocarbons
and waste streams containing up to 10% solids. The
E-Beam technology also shows high potential for
application to mixed wastes i. e. the destruction of
radionuclide-contaminated organic ion exchange resins.

Los Alamos is part of a collaborative effort among
Florida International University and the University of
Miami. Our collaborators have recently demonstrated a
pilot plant treating effluents at 120 GPM containing
contaminates including halogenated methanes, ethanes,
ethenes, propanes, benzenes, phenols, and pesticides.
Destruction efficiencies range from 85% to greater than
99% using a 1.5MeV electron accelerator with variable
current up to 50 mA. The dose in water is approaching
1MRad.

For more information on this subject, please contact
the Principal Investigators: L.A. Rosocha, CLS-7,
(505) 667-8493 or F. B. Wampler, CLS-4, (505) 667-7121

Destruction of Gaseous-Based Hazardous Organic Wastes
Using Silent Discharge Plasma Oxidation.

Silent discharge plasmas (SDP) provide an effective and
potentially economical method of destroying hazardous
organic compounds in gases via free-radical oxidizers.
The SDP method is particularly attractive for
destroying halocarbons in gaseous wastee streams or
volatilizable organic liquids, thus providing a viable
alternative to incineration either as a primary or
secondary treatment process.

For more information on this subject, please contact
the Principal Investigators: W. H. McCulla, CLS-3
(505) 667-6686 or L. A. Rosocha, CLS-7, (505) 667-8493



Supercritical Water Oxidation of Hazardous Wastes.

Supercritical water oxidation has been demonstrated as

an effective method of destroying hazardous organic

compounds. Research and demonstration activities to

determine the applicability of supercritical water

oxidation to wastes within the DOE Complex are in

progress under a joint development program between

Los Alamos and Sandia National Laboratories. Super

critical water has been demonstrated for destroying
methane, methanol, and acetone. Future work is

directed at ferrocyanide, explosives, propellants, and

organics containing radionuclides.

Supercritical water oxidation takes place iDa water

medium at temperatures and pressures above the critical

point of water (374°C and 22.13MPa). Under these

conditions, water is a fluid with transport properties

much like those of a gas allowing rapid chemical

reaction. The solvent properties of supercritical

water change such that nonpolar oily compounds become

soluble and salts become insoluble. Supercritical

water oxidation takes place at much lower temperatures

than incineration (about 500°C) and in a completely

contained system. Almost no oxides of nitrogen are

expected to be produced at these low temperatures.

Water containing up to 20% organic waste can be treated

in the supercritical water reactor.

A development program is underway to determine chemical

kinetics and develop models that can be used to define

scaleup parameters. We have designed, built, and

operated both flow and high volume-to-surface ratio

batch reactors. A transportable waste-destruction unit

for testing at various sites within the DOE is under

development.

For more information on this subject, please contact

the Principal Investigator: Cheryl Rofer, ESS-I

(505) 667-2988

SUMMARY:

Los Alamos National Laboratory is developing

technologies that are capable of destroying hazardous

organics, that is, converting them basically to water

and carbon dioxide. If these technologies were

incorporated into the main processing operation where

the waste is produced, then the volume and toxicity of

the hazardous or mix-hazardous waste generated would be

significantly reduced.



The present practice of digging up the contaminated

waste, repackaging it and storing it at another site is

simply not an environmentally conscious way of doing
business. The approach being developed at Los Alamos

National Laboratory is to destroy the hazardous

compounds, thus reducing the toxicity and volume of
hazardous waste. A comprehensive program exists at Los

Alamos to systematically evaluate technologies as they

apply to various waste types. This program brings

together technologists within the Department of Energy,
universities, and industry to solve this problem of
national concern. The applications of this technology

are directly applicable to industry. Los Alamos is

actively pursuing joint partnerships with industry in
an effort to focus development efforts on solving

problems of concern to industry.






