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Research Objective

Removal of low-concentrations (below several percent) of volatile toxic compounds (VTCs) from
contaminated air streams is encountered at DOE waste sites in two instances:

(1) Off-gases resulting from air-stripping of contaminated soils; and
(2) Effluent from the incineration of highly-concentrated combustible hazardous wastes

The objective of our research program is to develop a novel plasma chemical process for the
destruction of VTC’s in low-concentration waste streams.

Research Progress and Implications

Within the past year and a half, the basic physics/chemistry involved in the dissociative electron
attachment to highly- excited molecules was unraveled in a plasma mixing apparatus:

L.A. Pinnaduwage, D.L. McCorkle, and W. Ding, “Enhanced electron attachment to highly excited molecules using a plasma
mixing scheme”, Appl. Phys. Lett. 71, 3634 (1997).

W. Ding, D.L. McCorkle, and L.A. Pinnaduwage, “Enhanced formation of negative ions by electron attachment to highly-
excited molecules in a flowing afterglow plasma”, J. Appl. Phys. (Submitted , 1998)

L.A. Pinnaduwage, “Implications of Electron Attachment to Highly-Excited States in Pulsed Power Discharges”, 11th IEEE
Pulsed Power Conference, Baltimore, Maryland, June 29- July 2, 1997.

W. Ding, D.L. McCorkle, and L.A, Pinnaduwage,”Enhanced Radical Formation by Electron Attachment to Highly-Excited
States of Molecules in Plasmas”, to be presented at the 25th IEEE International Conference on Plasma Science, Raleigh,
North Carolina, June 1-4, 1998.

A methodology for the evaluation of VTC destruction in a plasma mixing apparatus was developed:

C.Y. Ma, D.L. McCorkle, W. Ding, L.A. Pinnaduwage, “A methodology for direct sampling and gas chromatographic/mass
spectral analysis of volatile organic compounds emerging from a low- pressure, flow-through reaction cell”, Anal. Chem.
(submitted, 1998).

A baseline study on the destruction of VTC’s using a DC glow discharge apparatus was completed:

D.L. McCorkle, W. Ding, C.Y. Ma, and L.A. Pinnaduwage, “Exploratory studies on a plasma remediation process based on
enhanced dissociative electron attachment to highly-excited molecules”, J. Phys. D.(Appl. Phys.) (submitted, 1998).

D.L. McCorkle and L.A. Pinnaduwage,”Destruction of CH2Cl2 Using a Glow Discharge Scheme”, 50th Annual Gaseous
Electronics Conference, Madison, Wisconsin, October 6-9, 1997.

W. Ding, D.L. McCorkle, and L.A, Pinnaduwage,”Decomposition of Volatile Organic Compounds in a Positive Column
Glow Discharge Plasma”, to be presented at the 25th IEEE International Conference on Plasma Science, Raleigh, North
Carolina, June 1-4, 1998.

Two patent disclosures based on this work have been elected by the ORNL Technology Transfer
Office to be filed:

L.A. Pinnaduwage, C.Y. Ma, D.L. McCorkle, and W. Ding, “Destruction of Low- Concentrations of Volatile Toxic Compounds
using Glow Discharge”

L.A. Pinnaduwage, W. Ding, and D.L. McCorkle, “A Plasma Mixing Method and Device for Plasma Processing of Materials”.

These concepts still need to be tested.
In order to expedite the destruction efficiency measurements, quite recently we have developed a

direct sampling mass spectrometric process which avoids the usage of the time consuming gas
chromatographic analysis. We will be using this new analysis method in our pulsed discharge
experiments.



EMSP Project Summaries

Planned Activities

The studies conducted so far have indicated that a pulsed discharge would enhance the destruction of
VTC’s compared to a DC discharge. We have purchased a pulsed power supply system and have just
initiated pulsed discharge studies. (Anticipated time period: 1998-1999).

In order to clarify the mechanisms responsible for the enhanced destruction in pulsed discharges,
we will conduct a diagnostic pulsed discharge experiment in a different apparatus. We believe that
the additional enhancement observed in the pulsed discharges is due to two reasons:

(1) The destruction of metastable states by electron impact is reduced in the post discharge period;
and

(2) Additional metastable states can be produced in the post discharge via dissociative recombination
of electrons with dimer ions of the rare gas.

Therefore, the excitation transfer to the VTC molecules would be optimum in the post discharge
period. If additional excitation of VTC molecules occurs in the post discharge period via the above
processes, then dissociative electron attachment to those excited molecules will lead to an enhancement
in negative ion formation in the post discharge. We will conduct a time resolved photodetachment
experiment to verify the enhanced negative ion formation. (Anticipated time period: 1998-1999).

The studies we have conducted so far involved mixtures of VTCs in rare gases. In order to deal
with realistic VTC mixtures in air, we will use the basic knowledge gained from the studies of 1 and
2 above in a plasma mixing scheme. In this case the rare gas metastable states produced will be
mixed with VTC/N2 mixtures first and then we will also study the influence of the humidity and the
O2 on the destruction process. Following these studies we will study contaminated air streams to
assess the destruction efficiencies. (Anticipated time period: 1999-2002).


