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22-25, 1998.
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(2) LIST OF PARTICIPATING SCIENTIFIC PERSONNEL: M. Gundersen

V. Puchkarev
G. Roth

(3) REPORT OF INVENTIONS: Pollution treatment cells energized by short pulses —
U.S. Patent 5,603,893, Feb. 18, 1997

This invention, and related research is receiving international attention for pollution
abatement applications. (see below, under technology transfer)
(4) SCIENTIFIC PROGRESS AND ACCOMPLISHMENTS:

The most important result relates to the reduction of emissions from NOx sources, and is
basically a breakthrough in energy efficiency, based on the application of a transient,
short-pulse plasma'. The project was a study of physics and applications of plasma
devices, and as a result of promising early data, focused on the use of transient plasma
devices for NOx remediation.

The most important results are:

* A cost-effective regime, maintaining the simplicity of a pulsed discharge, was

successfully found.

e The pulsed discharge, a “plasma muffler”, achieves results of 30% NOx reduction,

requiring <10eV/molecule energy cost for flow rates from operating diesel engines,
corresponding to operating efficiencies that would be useful for the transportation
industry.

¢ The role of transient discharges in this process is found to be key, and a preliminary,

phenomenological rationale has been found.

o Further research leading to the understanding of the transient processes, and the

subsequent chemistry, promises many new applications.

¢ Preliminary results of Laser Induced Flourescence (LIF) studies are now available.

* Low energy cost was found to be driven by current density, so that an efficient
operation at a low energy cost is actually better at low current densities.

* Power modulator design, and reactor design, are found to be interrelated.
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e New reactor and power modulator designs have been developed, and, following the

goals of the previous work as well as the requirements for many practical
implementations, ‘miniaturization’ of the power conditioning is under development.
The first stage, a thyratron based system, has been developed in collaboration for
commercial applications, and technology transfer of the system has been
demonstrated with applications within the DoD, and in the diesel industry.

7 S J=0.2.0.3 Alcm2.(=1 KHz
10 e" /mOIeCUIe > J=1 Alcmz,cf:o 3kHz.
. a S <> J=1.5 Alem2, 1=0.3 kHz thread
g 10 _): J=0.85 A/ cm2, 1=1kHz, Dislectric
S . =2 Aema2. =0.3kH.
. tY—m,m 97 Program PR i twipch
- P | ——10 eV/mol
£ 25¢ | ——20 evimol Pz ¢ 300p T T T T T T T T O
< f T30 evima 1 F &> Threaded both electrodes 3
° 20fF 40 eV:/mol E £ 250F 3
e t | -——50 2V¥/mol & 3 E
I 200F 3
£ 1sf 3 3 3 ]
£ 9 b § E both electrodes . X 3
g I ] g 150 With dielectric 3
g ' ]  100F 3
8 3 o} E ) A3
> °F 1 Z sof , © x X . 3
(= L - 9
§ ot h L \ : | SN T BT T NPT ST TS ST er
§ Oz v a5 6 G50 520 25 30 35 40
NOx emission, g/bhp-hr Energy cost, eV/m ol

Figure 1. Summary of data taken with real diesel emission. Most important results are shown on right,
with energy cost in eV/molecule =7eV/mol. for =200 ppm fotal NOx reduction from a diesel engine
operating with a load. Additional data for a range of test conditions is provided. Some of this is
described in ref. 2. Further detailed data will be published, however, results are seen as useful for
actual applications, and industry technology transfer is underway. On left is shown energy
consumption as function of NOx emission in industry units, with conversion factors for various
eV/mol.

TECHNOLOGY TRANSFER

We have interacted extensively with diesel, automotive, electronics, and catalyst
companies, as well as various parts of the DOD. Technology based on this research is
now in use at US Naval Port Hueneme for applications to VOC reductions, and at the
major diesel engine manufacturers. Approaches related to the patent above are in use a
most major electronics firms interested in this technology, including Siemens, Motorola,
Hughes, Englehard, and smaller companies such as NOXTECH in Irvine, CA, the diesel
companies Cummins, Detroit Diesel Corporation, and Caterpillar. Related methods are
under study at Livermore and Los Alamos. Major efforts are underway in Europe and
Asia, and there is considerable potential for foreign competition for these commercial
applications. Automobile companies visiting USC include Ford and GM. Some
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proprietary interactions are underway to further exploit commercial possibilities for clean
air applications.

Related news articles:

1. “Zapping pollution, not missiles” -- University of Southern California Chronicls, June
17, 1996. '

2. “Death Rays to Zap Diesel Pollution?” -- Business Week, July 1, 1996.
“Pulsed Power Cleans Diesel Exhaust” -- Inside R&D, July 1996.

4. “Star Wars Scientist Takes Aim at Smog” -- Pasadena Star-News Business, August 1,
1996.

“High-Tech Help for Dirty Diesels” -- MIT Technology Review, May/June 1997.

6. “Short Pulses Show Promise for Treating Pollution” -- The Ballistic Missile Defense
Organization Update, Spring 1997.

! "Plasma Treatment of Diesel Exhaust,” M. Gundersen, V. Puchkarev, G. Roth, and N. Helgeson, Proc. 9th
ONR Propulsion Meeting, G. Roy and K. Kailasanath, Ed., 1996, available through the Office of Naval Research.




