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Introduction
At the Departmentof EnergyHanford site, a large quantityof the
industrialsolventcarbontetrachloride(CCI4)was used and subsequently
disposedof in leachingfields. Effortsunder the VolatileOrganic
Compound - Arid IntegratedDemonstrationProgram(VOC-AridID) are
directedat vapor extractionof carbon tetrachloridefrom the ground and
its subsequentdecompositionin the contaminatedhumid air stream [I].

We are developinga mobile electron-beamdriven plasma reactor for
versatileefficienton-sitedecompositionof CCI4 and other VOCs in
carriergases at atmosphericpressure.The decompositionof the VOCs
could result in the generationof C02, light hydrocarbons,and reactive
chlorinecompounds. The latter dissolveand/ordissociate in aqueous
solutions.

TechnologyObjectives
The reactor uses an electron-beamgeneratedplasmawhose electron
density and thus chemicalreactionrates can be controlledby the electron-
beam current and whose electrontemperatureand thus chemicalreaction
rate constantscan be controlledby a superimposedsub-breakdown
electricfield. The combinationof an electronbeam and a sub-breakdown
electricfield gave rise to the name TunableHybrid Plasma (THP) reactor.
Such a reactorcould be suitablefor the decompositionof a wide range of
concentrationsof a varietyof hazardouschemicalcompoundsin carrier
gases [2,3],

The reactor will use electron-beam energies below 300 keV. For
these energies there exists well-established commercial technology with
high reliability and low maintenance time requirements. Moreover,
shielding requirements are modest, and the electron-beam technology can
be self-shielded. Over a hundred electron-beam units of this type are in
commercial use. 100 kWlevel units have a cost in the range of $5/Watt.

The goal for the power requirement for a practical THP device is on
the order of 10 kWhr/lb of CC14 destroyed. The attainment of this
processing efficiency in a system with high availability should make it
possible to meet the overall goal of a relatively low cost system for
environmentally attractive on-site destruction of CC14.
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InitialResultswith LaboratoryDevice

In this paper we describe resultsof initialexperimentson
decompositionof CCI4 in a laboratory-scaleTHP reactoroperated at
atmosphericpressurewith zero imposedelectric field. The mechanismfor
the plasma-induceddecompositionof CCI4 that we have been considering
is dissociativeelectron attachment. The electronsproducedby the
electronbeam selectivelyinteractwith the CCI4. Low electronenergies
obtainedwithout the presenceof an imposedelectricfield should be
sufficientfor this particularprocess,becauseas shown in Figure 1, the
dissociativeattachmentreactionrate constant is very large at these
temperatures[4]. The use of an imposedelectricfield could be
advantageousfor co-contaminantsand other VOCs and may also be of value
in controlof byproducteffects.

A schematicdiagramof the laboratory-scaleTHP reactoris shown
in Figure 2. An electron beam of 100 keV energy is ir_troducedinto a
reactionchamber througha 25 mm thick aluminumfoil. The foil is
mechanicallysupportedby a water-cooledcoppe__ supportgrid. The
electronbeam current can be adjustedfrom 0 to 4 mA. The electron-beam
cross sectionupon enteringthe reactionchamber is a square2.5 x 2.5 cm2.
The depth of the reactionchamberin the electron beam directionis 1.6 cm.

The CCI4 intakemole concentrationand the relativeair humidity
were controlledby means of volume flow meters and bubblersof 250 cm3
and 100 cm3 capacity for H20 and CCI4, respectively. The CCI4 exhaust
mole concentrationwas determinedby a 1992 Hewlett-PackardModel
5890 Series II gas chromatograph. The chromatographicseparationof
CCI4 was achievedby a Series 530 mm capillarycolumnobtained from
Hewlett-Packard.

CCI4 intakemole concentrationsranged from nominally20 ppm to
700 ppm, with relative air humiditiesat either 0% or 20%.

Figure 3 shows the CCI4 exhaustmole concentrationfor different
intakeconcentrationsas a functionof the electron-beamspecific power
depositionin the air stream.The results in this figure were obtainedwith
dry air at atmosphericpressure. Flow rates between .08 ft3/min and .35
ft3/minwere used. The specificpower depositionis given in kW per
kg/secof gas flow; I kW/kg/seccorrespondsapproximatelyto a I K
adiabatictemperaturerise in air. A high degree of CCI4 destructioncan be
obtainedwith adiabatictemperaturerises (15-150K) that are
substantiallybelow those needed for standardthermaldestruction.
Moreover,the CCI4 exhaustmole concentrationscan be reducedto very low
values (<I ppm).

The selectivityof the processis indicatedby the dependenceof the
power depositiondensityrequirementsupon the CCI4 intakemole
concentration. This is particularlyillustratedin Figure4 where the data
from Figure 3 is plotted in terms of fractionalremoval. For 90%



fractionalremoval,the specificpower depositionwas about 15 kW/kg/sec
for 26 ppm intakeconcentratioN,60 kW/kg/secfor 166 ppm intake,and
160 kW/kg/secfor 663 ppm. Thus the specificpower depositioncould be
reduced by a factorof about 3 as the intakeconcentrationwas reducedby
a factor of about 4 (from 663 ppm to 166 ppm). The specificpower deposition
was reducedby a factor of about 10 as the intakeconcentrationwas reduced by
a factor of about 25 (from 663 ppm to 26 ppm). For a non-selectivethermal
process (whereall the moleculesin the gas streammust be heated),there
would have been no decrease in the power depositiondensity as the intake
concentrationwas reduced.

Approximatelytwice as much electronbeam specificpower density
was generallyrequiredfor the same fractionalremovalwith humid air.
Conclusionsand Future Directions. The initialdata show a high degree of
destructionover a wide range of CCI4 concentrationsat low gas temperatures.
The experimentalresults in dry air correspondto a relativelymodest energy
requirementof 10-;.)0kWhr per pound of CCI4 decomposed. Moreover,the low
temperatureproces:_may providemore controlover byproductsthan would be the
case in a high temperaturethermal treatmentprocess. Althoughenergy
requirementsare increasedin the presenceof humid air, the temperature
rise could still be moderate. Moreover,it may be possibleto use a dryer to
selectivelyremove the water vapor.

Future work will includeinvestigationsof possibleways to further
improveefficiencyand studiesof decompositionproducts. A field test
using a commercialelectron-beamsource is planned for 1994. In addition,
applicationto a varietyof VOCs will be studiedin the laboratory.

In summary,these results indicatepromisingprospectsfor
practicaldevelopmentof a THP reactorfor on-site decompositionof CCI4
and other VOCs. Since electronbeam energiescan be below 300 keV, the
THP reactorcan use well-establishedcommercialelectron-beam
technologywith modest shieldingrequirementsand high reliability.
Potentialapplicationsof the THP includeboth environmentalrestoration
and containmentof undergroundwaste plumes. In addition,the THP may
also find use in treatmentof industrialwaste streams.
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Figure 1 Electron Attachment Rate Constant Versus Mean Electron Energy for
CCI4, CHCI3,CH2CI2,CCI3F, CCI2F2, CCIF3
[from Reference 4]
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Figure 3 Dependence of C014 Exhaust Mole Concentration

on Electron-Beam Specific Power Deposition
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Figure 4 Dependence of Fractional Removal of CCI4 on
Electron-Beam Specific Power Deposition






