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SUMMARY 

Previous experience with in-situ (Joule-heated) vitrification (ISV) of Savannah River Site 
(SRS) highly weathered soils has shown that the SRS soil was both very refractory and a 
poor electrical conductor. These findings bring into question the likelihood of utilizing 
this type of vitrification treatment for waste sites and basins at SRS. An alternative 
approach may be in-situ plasma vitrification (ISPV). The ISPV approach also has a 
safety advantage in that the melting is initiated at the bottom of a bore hole compared to 
top-down melting for Joule heated ISV. 

Vitrification research utilizing DOE Landfill Focus Area funds was recently completed. 
A series of experiments on flux additions to the SRS soil was evaluated at the Clemson 
DOE-Industrial Center for Vitrification Research. Three flux additions were evaluated in 
high-temperature crucible tests and DC graphite arc furnace studies. The three additives 
selected were colemanite, dolomitic lime, and hydrated lime. Of the three additives, the 
dolomitic lime material was the most advantageous fluxing additive. A level of about 25 
weight percent was required to reduce the melting temperature into the 1500°C range. 
This material was successfully fed through the primary graphite electrode in the Electro 
Pyrolysis DC arc melter to the region of the plasma arc over the SRS soil. Analysis of 
the offgas streams revealed very high particulate content and very low oxygen content. 
Only trace amounts of hydrogen and carbon monoxide were detected. Dry flux injection 
is potentially feasible. Glass and soil analyses for samples obtained from these studies 
will be presented in a later report. 

INTRODUCTION 

In-situ vitrification of radioactive and hazardous waste sites by Joule heating is a 
commercially developed technology (Geosafe Corporation) with hundreds of tests and 
fairly extensive commercial demonstrations. It should be noted that during the testing 
there have been a small number of glass or hot gas expulsions from the melt. 
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This process utilizes the passage of large electrical currents through the soil between 
graphite electrodes to provide the thermal energy required to melt the soil. The melt is 
initiated on the surface and as the melt progresses deeper into the earth the electrodes are 
gradually lowered. Initial attempts to use this technology for the Savannah River Site 
(SRS) were not successful due to the low electrical resistivity and refractory nature of the 
SRS soils. In order to achieve vitrification of the SRS soils it would be necessary to mix 
or saturate the SRS soils with a suitable flux or generate extremely high temperatures in 
the vitrification regions. The SRS soils would be representative of other highly 
weathered sedimentary coastal regions of the United States. 

Utilizing funding from DOE'S Office of Science and Technology (OST), investigations 
were undertaken at two regional Universities to study soil additives and in-situ plasma arc 
vitrification of SRS soils. This report presents the conclusions of the Clemson University 
study on the addition of additives to the SRS soil. The results from the Georgia Institute 
of Technology will be distributed in the near future. 

BACKGROUND 

Based on previous high-temperature vitrification studies on SRS soils( 1 -2), the Land-Fill 
Stabilization and Containment Focus Area (SR-16LF-52), under the DOE Office of 
Science and Technology, funded an additional study of in-situ vitrification additives at 
Clemson University. This study was initiated early in FY 96 and completed with the 
release of the report included as Appendix A. A SCUREF Task Order, No. 187, was 
prepared and approved to start in January of 1996. This task was to be completed within 
nine months at a total cost of $65,500. 

The goal of this effort was to conduct crucible-melt studies with potential soil additives 
and demonstrate the feasibility of high-temperature melting technology with the Electro- 
Pyrolysis Inc. DC electric arc melter. 

CONCLUSIONS 

The experimental procedures and detailed conclusions are presented in the attached final 
report - See Appendix A. 
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APPENDLX A 

Final Report on High Temperature Vitrification Formulation Demonstration for 
SRS Contaminated Soils by D.L. Erich, T.J. Overcamp, M.Speer, D.M. Cash, S.J. 
Griner, Received January 22, 1997. 
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FINAL REPORT 
ON 

HIGH TEMPERATURE VITRIFICATION FORMULATION 
DEMONSTRATION FOR SRS CONTAMINATED SOILS 

EXECUTIVE SUMMARY 
This study was undertaken to demonstrate the application of a DC arc melter to in-situ 
vitrification of SRS soils. The melter that was available at the DOEhdustrial Vitrification 
Laboratory at Clemson University was equipped with opposing solid electrodes. To 
simulate field conditions, two hollow electrode configurations were evaluated which 
allowed fluxes to be injected into the melter while the soils were being vitrified. The first 
4 runs utilized pre-blended flux (two runs) and attempted flux injection (two runs). These 
runs were terminated prematurely due to offgas sampling problems and melt freezing. The 
remaining four runs utilized a different electrode geometry, and the runs were not 
interrupted to change out the offgas sampling apparatus. These runs were conducted 
successfully. 

Three fluxes were evaluated in this study; colemanite, dolomitic lime and hydrated lime. 
Colemanite did not sufficiently decrease the viscosity of the melt and was not used 
successfully in this study. Conversely, both dolomitic and hydrated lime promoted fluidity 
of the soil and formation of glassy waste products. Because of its relatively coarse 
particle size, the dolomitic lime was not fed successfully through the feeder that was 
devised and built at Clemson University, The hydrated lime fed well. 

Analysis of the offgas streams revealed very high particulate content and very low 0 2  

content. The high particulate content is attributed to a combination of melt agitation 
caused by the electric arc, and by highly reducing conditions at the melt surface caused by 
use of graphite electrodes. Despite the presence of reducing conditions, the processed soil 
products formed appeared to be glassy with little or no visible crystalline phases. 

No accurate estimate of operating costs could be made during this study because of the 
limited size and batch mode of operation. Subsequent to these tests, an additional 
modification was made to the melter which allowed feeding an additional 25 kg of soil into 
the melter during operation. This doubled the batch size, with no additional power input, 
and caused the mode of energy input to change fi-om the transferred arc mode to a joule 
heating mode as the ends of both electrodes became submerged in the melt. The study 
conducted for DOENSRC revealed much useful information about the performance of 
the DC arc melter. However, subsequent runs conducted by ESE students performing MS 
degree thesis research indicate that a great deal remains to be learned about more 
efficiently and effectively using this technology. 
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INTRODUCTION 
The Department of Energy is currently evaluating methods of treatment for disposal of 
hazardous and mixed wastes. Preferred methods of treatment include those technologies 
that are capable of consistently producing a durable, leach resistant product, while 
simultaneously minimizing disposal volumes. The selected technology must be 
demonstrated over a range of waste characteristics, including compositions, chemistries, 
moistures, and physical characteristics. 

Vitrification has been selected as a technology that is capable of producing a highly 
durable product, while minimizing disposal volumes through organic destruction, moisture 
evaporation, and porosity reduction. In this study in-situ vitrification of soil using a 
graphite electrode DC arc melter was simulated. 25 kg batches of soil were charged into 
the melter’s graphite crucible and the response of these batches to treatment by the melter 
was determined. To promote glass formation it was decided to operate the melter in the 
presence of air, and to introduce fluxing aides into the soil. Blending of the fluxes with the 
soil, while ensuring a uniform distribution of the flux, would not be representative of field 
operating conditions. The desired approach for making flux additions was injection 
through a hollow electrode while the melter was in operation. It was felt that this 
approach would come closest to simulating operation of a concentric electrode, non- 
transferred arc melter which, purportedly, would permit flux injection through the 
electrode. No such electrodes were available so Clemson University designed two 
geometries for evaluation. These electrodes were used to inject fluxes and air into the soil 
and the vitrification response of the soil was assessed. 

EXPERIMENTAL PROCEDURE 

Description of the DC Arc Melter 
The Mark I-W DC Arc melter was designed by Electro-Pyrolysis, Inc., @PI) of Wayne, 
PA. It was purchased by the Westinghouse Savannah River Company (WSRC) and 
installed at the DOEfindustrial Vitrification Laboratory at Clemson University. The Mark 
I-W water-cooled melter is the successor to the Mark I melter operated at the 
Massachusetts Institute of Technology. Promising results from the Mark I Melter 
prompted the fabrication and hrther testing with the Mark I-W. 

The melter currently has the capability to process 1 R3 of feed in batch mode only. The 
Mark I-W DC arc meiter, shown in Figure I, is comprised of the following systems, which 
are described in more detail below. 

Furnace Assembly 
Electrode Assembly 
Offgas System 
Water Cooling System 

2 . E WSRC SC0003rTO 187 0 .u . 



Nitrogen Purge System 
Electrical Power Supply 

i 

FeedSystem - 

r - - -  

Pwer Sup& 

outpvt 
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I I 1  

K 1 
Figure 1. EPI DC Arc Melter, as received 

Furnace Assembly 
The Mark I-W fbrnace features a removable, stainless steel, lower chamber and a stainless 
steel, fixed upper roof The lower chamber can be raised or lowered to mate with the roof 
by a screw-driven mechanism. When in the lowered position, the chamber can be rolled 
away from the fixed roof assembly. When the components are bolted together the 
combined height is 43 % inches with an OD of 37% inches. Both the lower chamber and 
the roof have a water-cooled shell. 

A cutaway View of the chamber section is shown in Figure 2. The lower chamber contains 
two nested graphite crucibles. The area between the outer crucible and the water-cooled 
shell is lined with fiberboard insulation and refractory bricks. Nitrogen is supplied through 
a dispersion tube at the bottom of the chamber. The outer graphite crucible is connected 
to the positive side of the power supply by graphite rods at four locations. The inner 
crucible rests in direct contact with the outer crucible and acts as the positive electrode for 
the melt. A graphite disk with a hole in the center is placed on the bottom of the inner 
crucible. This disk allows starting electrodes of various sizes to be placed inside the inner 
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crucible. The graphite components and nitrogen purge promote a highly reducing 
atmosphere in the melter during operation. 

Figure 2. Cutaway view of melting chamber. 

Electrode Assembly 
The electrode superstructure houses the movable upper electrode and is mounted on top 
of the furnace roof. The movable upper electrode is mounted to the electrode carriage, 
which is raised and lowered by a screw-driven mechanism. The height of the electrode is 
measured by a position indicator. The superstructure is subject to a nitrogen purge during 
operation to keep oxygen out of the this superstructure. Negative voltage from the power 
supply is applied to the upper graphite electrode. 

To create the arc, the movable upper electrode is lowered to contact the lower starter 
electrode. As current is passed through the electrodes, the upper electrode is raised and a 
DC plasma arc is initiated. The arc is sustained until the material is melted. Once the run 
is complete, the power is turned off and the melter is cooled. When a melt has cooled 
sufficiently, the inner crucible is lifted out and inverted to allow the contents to be 
removed. 

Offgas System 
The offgas system consists of the following major pieces of equipment: 

4 .el* . c WSRC SC0003rTO 187 
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Quench Chamber 
Induced Draft Blower 
Gas Flow Meter 

Figure 1 shows the location of the major components of the offgas system as it was 
received. The nitrogen and gases evolved from processing the wastes exit the melt 
chamber through a 4" ID port through the chamber roof section. From there, the gases 
enter a cyclone where larger particulate matter is to be removed. Offgas then enters the 
quench chamber where it is cooled prior to entering a water-jet venturi scrubber. This 
scrubber uses a jet of water to induce a flow of gas through the venturi and provide water 
droplets for the collection of particles. 

The scrubber is followed by a separation tank which separates the gases and the scrub 
water. The water supply to the scrubber flows into a polypropylene holding tank. Water 
is pumped from this tank, filtered, and returned to the scrubber. 

The gases are then drawn through an explosion proof induced draft blower. The blower 
provides the additional suction to draw the gases through the equipment. Following the 
blower, the gases passes through a mass flow meter, and are exhausted to the atmosphere. + 

The offgas system was modified to accommodate sampling during the runs. These 
modifications are discussed later. 

Water Cooling System 
Many components of the Mark I-W fbrnace are water cooled: 

Lower Chamber Shell 
Upper Chamber Shell 
Lower Chamber Electrode Connections 
Power Supply Transformer 
Recirculation Tank 

A total of 20 gpm flow is used to keep the system cool. 

Nitrogen Purge System 
Nitrogen is typically used as a purge gas during the melt and cool-down periods. The 
reducing atmosphere promoted by the inert gas purge prolongs the life of the graphite 
electrodes and crucible as well as decreasing the volume of offgas that would be evolved 
under an oxidizing atmosphere. In the as-received system, nitrogen was introduced into 
the melter area through a dispersion tube at the bottom of the chamber and through the 
upper electrode housing. 

Electrical Power Supply 
The power supply was manufactured by the Halmar Robicon Group. In this supply, 
480V, 3 phase, 60 Hz power is chopped and then transformed to 1000 Hz using power 
transistors. This high frequency power is then rectified and filtered to provide DC current. 

WSRC SCOO03rTO 187 5 



The power at 100% output is 133.3V and 750A. The power supply is current controlled, 
and current is set with a manual potentiometer. 

Melfer Operation 
After charging and closing the melter, it was purged with air at a flowrate of -6 scfin 
through one of the ports in the melter lid. Subsequently, the electrodes were brought into 
contact and the melter preheated by maintaining the voltage and current at -10-15 volts 
and -200 amps (-2-3 kW) for about 20 minutes. After preheating, the electrodes were 
separated and the power increased to -14 kW (35 V and 400 A). It was attempted to 
maintain these operating conditions for the duration of the run. 

Upon completion of the run, the melter was allowed to cool overnight. The crucible was 
removed from the melter the next day and the contents of the crucible were dumped from 
it. 

Equipment Modifications 

Flux Feeder Design and Operation 

The flux feeding system consisted 
of a feed bottle used to flu?dize the 
flux, a flexible stainless steel hose 
used to transport the fluidized flux, 
an electrical isolator through which 
the flexible hose entered the melter 
and a hollow electrode, described 
later, which transported the 
fluidized flux to the melt. The feed 
bottle was composed of a one 
gallon Nalgene Bottle with an air 
nozzle mounted in the bottom and 
a connection in the top to which 
the flexible hose was connected as 
shown in Figure 3.  

The electrical isolator is shown in 
Figure 4. The flexible hose 
connected to a 0.65 inch hole in 
the side of the hollow electrode 
and was secured to the electrode 
with stainless steel wire. The 
portion of the flexible hose inside 
the headspace was wrapped with 
kaolinite wool fire blanket to 

Feed Bottle 

-+ TO ELECTRICAL ISOLATOR 
In' I.D. FLEXIBLE STAINLESS STEEL 

C- BAN0 CLAMP 
3/8" SCHEDULE 80 PIPE 

(Upper End Machined To 
NO. 10 FLATWASHER WELDED TO 

(Sealed to Inside of Bottle Cap with R l V  Sealant) . 

+ONE GALLON NALGENE BOTTLE 

+/4'ALUMlNUM TUBING WITH TAPERED END 
(Cut with tubing cutter and lefl end as 

114" BULKHEAD CONNECTOR AND FLATWASHERS 

(Sealed to Bottle with RTV Sealant) 
$ 4 .  ALUMINUM TU6lNG 
}-TUBING TO MALE APE THREAD ADAPTOR 
+--AIR LINE QUICK DISCONNECT 

Not to Scale 

Figure 3. Feed Bottle 
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1/2" I.D. STAINLESS STEEL HOSE 

3 / 8  SCHEDULE 80 PIPE 
(Upper End Machined to 0 . 5  O.D.) 
3/8" TO 1/2" BUSHING 

PE FLANGE 

+ 4" B W K  FLANGE 

FROM FEED BOTLE? 

THREADED HOLE FOR 
COMPRESSED AI 

- 314" O.D. x 1/2" THICK FIBERBOARD 
BUSHINGS MACHINED FROM GAROLITE ROD 
114" BOLT, NUT AND FLATWASHER - TO ELECTRODE 

Not To Scale 

Figure 4. Electrical Isolator 
provide protection from heat and molten splatter. A compressed air line with a 0-5 scfin 
flowmeter in-line was used to blow air into the feed bottle nozzle. Air flow rates of 1/2, 1, 
1-1/2, 2, 3 and 4 scfin were tried. It was found that a flow of 1-1/2 scfin was sufficient to 
fluidize the flux and that higher flow rates were unnecessary. Starting with a bottle 
completely filled with flux, it took one to two minutes to feed approximately two-thirds of 
the flux. The last third of the bottle would not feed with the bottle upright since the flux 
level approached the top of the nozzle. The bottle was blown down to this level and then 
refilled. After the last refill, the flux remaining in the bottom of the bottle was fed by 
turning the bottle upside down several times and shaking. All of the flux was fed in by half 
of the total run time on tuns 6,  7 and 8. 
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Hollow Electrode Design 
Demonstration of in-situ vitrification is 
not accurately modeled by preblending 
fluxes and soil. In these studies it was 
desired to inject the flux at the arc 
location through a hollow electrode. 
Since this melter had not been previously 
operated with a hollow electrode, and 
none were available for this use, two 
concepts were developed by Clemson 
University and tested during this project. 

The hollow electrodes used for feeding 
flux were UCAR grade CS extruded 
graphite machined to three inches in 
diameter. The hollow electrodes used in 
runs 2 and 3 (the second and third 
experimental runs in this project) had a 
one inch hole bored down the center 
through which air and flux was blown. 
See Figure 5 for details of this electrode 

I .  

I 

I 
I 
I , 
I 
1 
I 
I 
I I 

, 
I 

I 

I 
I 

I 

I - 3.0. - 
Not to Scale 

Figure 5. Hollow 

12.5' 

- 3.0- ----4 

Not to Scale 

Figure 6. Modified - 
design. This design was modified for runs 
4 through 8 to allow air and flux to exit 
from the sides of the electrode rather than from the bottom. The center hole was plugged 
and a pair of one inch holes were drilled in the sides of the electrode as shown in Figure 6. 
The holes were drilled at an angle to guide the air and flux toward the melt and to prevent 
flux from accumulating inside the electrode. The electrodes were also shortened by 1-1/2 
inches. The flexible hose installed in the 0.65 inch hole limits the upward travel of the 
electrode. Reducing the distance from the 0.65 inch hole to the bottom of the electrode 
allowed more electrode travel, which gives greater flexibility in controlling the arc. 

Electrode Design Electrode Design. 

Off-gas System Changes 

The off-gas system was modified by removing the cyclone and installing sample ports for 
EPA method 5 and gas chromatograph sampling. The cyclone was ineffective due to the 
low flow rates in the off-gas system. Details of the off-gas modifications are shown in 
Figure 7. 
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Original 

Modified 
d 

EPA Method 5 Sample P y J C  Sample Port 

\ Spray C h a r n b J  

Not To Scale 

Figure 7. Offgas system modifications made to the EPI melter 
for this study. 

Purge Gas System Modifications 

A compressed air line with a 0-6 scfin flowmeter in-line was connected to a threaded hole 
in the 4" blank flange adjacent to the electrical isolator to'allow the addition of air into the 
headspace. See Figure 4. 

WSRC SC0003flO 187 



Video Camera 
A water-cooled Combustion Tec lens assembly two foot in length passes through the 
chamber roof and records the arc vitrification process by means of a color video camera 
equipped with filters to decrease the intensity of the light. 

Description of the Soils 
Two Savannah River Site soil types were used in this project; a sandy soil and a clay soil. 
The compositions investigated in this study were the sandy soil and a 5050 mix of the clay 
and sandy soils. The compositions of the two soils types are shown in Table I. 

Table I Normalized SRS Clay and Sandy Soil Compositions 

Values are in Weight YO (ADS #67186&67187) 
Oxide Clay Soil Sandy Soil 
Ab03 4.3 10 0.733 
Bt03 0.014 0.014 
BaO 0.006 0.006 
CaO 0.094 0.021 

II CdO 0.006 0.006 N 

n La0  I 0.004 I 0.004 II 
MgO 0.014 0.002 
MnO 0.004 0.004 
Na70 0.342 0.337 

II NiO I 0.034 I 0.034 II 
pzos 0.077 0.060 
PbO 0.035 0.034 
Si02 93.017 97.977 
S r O  0.003 0.003 

II Ti02 I 0.236 0.147 I1 
ZnO I 0.004 0.004 
ZrOl 0.056 0.020 

1 I Total 100.000 100.000 

Crucible Studies 

Crucible Study Run Plan 

The crucible study investigated the effects of 3 different flux types on the two SRS soils 
(clay and sandy). In this study the clay soil contained 93% SiOz and the sandy soil 
contained 98% Si02, with the remaining component being primarily Al203. Based on 

WSRC SCO003rTO 187 10 



I 

I 
i 
i 
i 

I 1 

I 
i 
I 

! 

! 
i 

these soil compositions, the WSRC Task Order Representative selected the CaO-Al203- 
Si02 system for investigation, with the Ca to be added as the flux. 

The three fluxes considered were (1) hydrated lime [Ca(OH)2], (2) dolomitic, or 
pelletized, lime (a Ca-Mg compound) and (3) colemanite. Colemanite is a naturally 
occurring mineral comprised mainly of B203 and CaO [(Ca0)2@203) 3*5HzO)]. In 
addition to its CaO content, colemanite was of interest because of boron's ability to 
capture neutrons liberated during radioactive decay. 

The crucibles used for this study were B&B Refi-actors #6 assay crucibles. These are an 
alumina-silicate composition which have very good thermal shock resistance and a 
temperature rating of 1700°C for their intended use. Experimentation has shown a life 
expectancy of between four and six hours at temperatures between 1400 and 1600°C 
when used in glass studies of the CaO-Al203-Si02 ternary system. 

The crucible study consisted of 23 trials, 16 selected initially and an additional 7 added to 
clarify some issues that arose during the originally planned trials. These trials included the 
two soils and flux additions ranging from 5% to 35%. Table I1 identifies the actual 
variations evaluated. 

LOD's and LOI's were determined for each of the soils and fluxes to account for losses of 
water and C02, and transformations to the stable oxide phase. Oxide-basis calculations 
were then made and the appropriate amounts of each constituent were mixed to prepare 
the crucible study batches. LODLOI results, calculated batch chemistries and amounts 
weighed are shown in Table III. 

The prepared batches were placed in crucibles which were then placed in the Deltech 
bottom loading fiirnace at a temperature of 1550°C. This temperature was chosen based 
on the combination of brnace capability, crucible life expectancy, and temperatures on the 
respective phase diagrams in the regions of interest. After stabilizing at 1550"C, the 
crucible remained in the fbrnace for 3.5 hours. At the end of the 3.5 hour hold, the melt 
was visually examined for fluidity. Then the crucible was cooled at a rate of 2°C /minute. 
While in-situ cooling of the soil might be expected to occur at a slower rate, the 2°C 
/minute rate was chosen because it more closely simulated the cooling rate of the EPI 
melter and was expected to be slow enough to allow devitrification of unstable glasses. 
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Table TI. Crucible Study Experimental Matrix. 

Weight YO Flux Colemanite Hydrated Lime Dolomitic Lime 
5 J J 

10 J J 

15 J J 

20 J J 

30 J 

25 

Weight YO Flux Colemanite Hydrated Lime Dolomitic Lime 
5 J J 

10 J J 

15 J J 

20 J J 

J 

30 J J 

35 J J J 

When the Deltech reached a temperature of 1100°C during cooling, the crucible was 
quickly transferred to a Lindberg Blue-M furnace at the same temperature. The cool 
down cycle continued until a temperature of 100°C was reached. This interrupted cycle 
was used because a single furnace capable of performing the entire cycle was not available. 
The Deltech's elements are prone to embrittlement if cooled below 850°C, and the Blue-M 
has an upper temperature limit of 1200°C. The transfer also allowed the Deltech to be 
reheated and stabilized for the next run, while the cool-down cycle was being completed in 
the Blue-M. The total crucible study cycle, including the hold at 1550 "C and the cool 
down to lOO"C, was approximately 15.6 hours, (3.5 hours at 1550°C + 12.1 hours 
cooling). 

M e r  the crucible cooled, it was broken open and a visual observation was made to 
determine whether a glass or non-glassy phase had been made. Candidate compositions 
for processing in the arc melter were chosen based on the appearance of the phase formed. 
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Table HI. LODLOI results, calculated batch chemistries and amounts weighed 
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Arc Melter Runs 
Arc melter runs were conducted according to the test matrix shown in Table IV. In all 
cases, the targeted product mass was 20 kg. The total amount of feed charged into the 
crucible varied depending on LOD and LO1 values. All of the batches contained 0.5% 
each of cerium and copper as surrogate radionuclide materials. Prior to charging the 
crucible, the lower electrode was shielded using a hollow tube. This prevented dirt from 
falling onto the lower electrode, but allowed passage of the upper electrode. Soil was 
then charged into the crucible. An example of this set-up is shown in Figure 8. The 
bottom electrode is shown in the center of the figure, protected by a tube made from 
grafoil. The outer, circularly arranged black platelets are grafoil sheets positioned to 
protect the upper chamfered portion of the crucible. Not visible in this figure is the grafoil 
liner between the soil and the crucible wall. 

Figure 8. Typical Crucible Set-up e 

To assist soil melting, a small blend containing flux and soil was prepared and placed 
around the base of the bottom electrode. This was done to promote formation of a molten 
glass pool early in the run, thereby minimizing the chance of the arc damaging the graphite 
crucible. 

Runs were conducted by flowing air at 5 scfin into the headspace of the melter for 10 
minutes prior to applying power to the electrodes. After the 10 minute purge, a low level 
of power was applied to allow heat-up of the electrodes. During this time, the analytical 
equipment used to record the progress of the run was given a final check. Finally, afker an 
additional 10 minutes the arc was struck and the run was begun. 

. 
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Data Acquisition 

Gas Analyses 

Sample Gas Conditioning 
Figure 9 shows the flow diagram for conditioning the sample gases. In this system, a 
continuous gas sample is passed through a mini-cyclone and two filters to remove 
particulate matter. The primary filter is configured in a parallel arrangement with an 
identical filter. This allows the primary filter to be changed during sampling without 
disrupting continuous sampling and measurement. The secondary filter is a back-up to the 
primary filter. Shake-down experiments have not resulted in the collection of particulate 
matter on the secondary filter. 

The offgases are drawn through the particulate matter controls by a vacuum pump. The 
vacuum pump then passes the gas sample into a Genie membrane filter to remove 
moisture. Moisture is fixther removed by a Perma-Pure co-axial drying tube. The gases 
to be sampled are passed through the inner shell of the Perma-Pure drier while warm, dry 
nitrogen is passed countercurrent to the gas sample through the outer shell. The inner and 
outer shells are separated by a naphion membrane which allows moisture in the gas sample 
to be collected by the warm, dry nitrogen. As a last precaution the gas sample is passed 
through a 0.5 micron filter before being introduced into the analytical instruments. 

Gas Chromatograph Analysis 
A steady, representative sample of the offgases was introduced into a MTFM 

W O O  gas chromatograph. Data acquisition is obtained using MTITM’s EZ Chrome 200 
v. 3.5.8 software. The gas chromatograph is capable of continuous on-line sampling, 
configured to cycle every 2% minutes. The characteristics of the gas chromatograph are 
shown in Table V. 

The gas chromatograph is capable of measuring all of these gases in any range, as long as 
the gas chomatograph is calibrated within the expected range of measurement. Previous 
experience with the gas chromatograph applied to the offgas from the DC arc melter 
indicates only H2, 0 2 ,  Nz, CO, C02, and C& are detectable with this particular 
instrument. 

EPA Method 5 Sampling 

Off-gases were sampled starting at the beginning of each run for particulate matter and 
moisture content using a sampling scheme based on EPA Reference Method 5 (40 CFR 
60). An off-gas sample was drawn through a 1/2” stainless steel sample probe at 
approximately isokinetic conditions, then through a heated probe assembly, into a heated 
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glass fiber filter and finally through a series of ice cooled impingers. The first impinger 
was an empty, modified Greenburg-Smith (straight center tube and no impinger plate). 

Membrane 
Primary Secondary Vacuum Separator 

Pump '-1 Filter Filter 

N2 
Vent 
A 

Sample m + 
Water Sample 

Vent 

Drying 
Tube 

Figure 9. Flow Diagram for Sample Gas Conditioning 

Table V Characteristics of gas chromatograph. 

Column B 

HeySep R (HSR) 

02/N2 - Air Composite 
C% - Methane 
C02 - Carbon Dioxide 
C2l& - Ethane 
C& - Propane 
Carrier Gas - Helium 

Molecular Sieve 5A 

H2 - Hydrogen 
0 2  - Oxygen 
N2 - Nitrogen 
C& - Methane 
CO - Carbon Monoxide 
Carrier Gas - Argon 

W 5 A )  
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The second impinger was a modified Greenburg-Smith containing 100 ml of distilled 
water. The third impinger was a standard Greenburg-Smith (tapered tip and impinger 
plate) containing 100 ml of distilled water. The final impinger was a modified Greenburg- 
Smith containing 200-300 g of silica gel. 

RESULTS and DISCUSSION 

Crucible Studies 

Crucibles containing the soil and flux combination of interest were placed in the kiln at 
1 550"C, allowed to remain at temperature for 3.5 hours and then cooled at 2"C/min to 
1100°C. At this time the crucible was transferred to a lower temperature kiln, where the 
same cooling rate was continued down to 100°C. The following coding designation was 
used to differentiate between the various samples. 

where HS indicates the humid soils project, 
x indicates soil type, (S = sandy or C= clay) 
yy is flux type, (C=colemanite, ==hydrated lime, or DL=dolomitic lime), and 
zz is flux level (wt % on an oxide basis 

So, for example, the code HS-S-HLO5 indicates Humid Soils-&ndy soil-mdrated Lime at 
- 5%. 

Assuming that the contribution of other impurities can be ignored, the Savannah River 
soils and hydrated lime mixtures can be described by the CaO-MzO3-SiO2 phase diagram, 
shown in Figure 10. If colemanite (-5050 CaO:B203) is the flux being considered, it is 
convenient to ignore the minor impact of the A1203  and use the CaO-Bz03-Si02 phase 
diagram to represent the soil-flux blends (Figure 11). Using this simplified approach, the 
soils processed using up to 20% hydrated lime as the flux would not be expected to show 
any melting at 1550°C. Conversely, all of the compositions processed with colemanite 
would be expected to melt at 1550°C. 

The results obtained with flux additions up to 20% agreed reasonably well with the results 
predicted by the phase diagrams. The sandy soil, with its low M203 content, showed no 
melting when hydrated lime was the flux. The only reaction which did occur was sintering 
of the soil in the crucibles. 

The clay soil-hydrated lime mixtures showed evidence of melting with flux additions of 
15% or more. This melting response may have been influenced by the presence of -2% 
iron in the soil. Even though melting occurred, some of the reaction product was non- 
vitreous and not sufficiently fluid to be poured. Consequently, it was decided to 
investigate higher flux loadings using the higher melting point sandy soil. 
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Hydrated lime 

SiO, 
h 

cau 

Figure 10. CaO-AI203-Si02 phase diagram showing compositional changes 
associated with hydrated lime additions. 

Additional studies at 25, 30 and 35% hydrated lime in sandy soil resulted in formation of a 
pourable fluid which formed a glass on cooling. At 25 and 30% hydrated lime the glass 
was a milky white color. At 35% hydrated lime, the glass took on a light blue tint as well. 

In addition to hydrated lime, two crucibles of sandy soil were prepared with 30 and 35% 
dolomitic lime. In addition to CaO, dolomitic lime contains -28% MgO. The dolomitic 
lime was evaluated because of its fine size, thereby making injection into the melt through 
the electrode easier than with the pelletized hydrated lime. 

Both loadings of dolomitic lime created a fluid glass. However, a pellet of the 30% 
dolomitic lime glass was not poured because the crucible was destroyed and the glass 
leaked through a hole eaten through the crucible bottom. 

The glass formed with 35% dolomitic lime was a milky white color tinted with blue. 
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The crucible study results, summarized in Table VI, revealed that a flux loading of <25% 
would not result in melting of soil at 1550°C. Since the DC arc creates temperatures 
considerably greater than 1550°C, a flux loading of 25% was believed to be adequate for 
soil processing. 

Si& 
Colemanite 

CaQ 0 2 0 3  

Figure 11. CaO- B203-SiOt phase diagram showing compositional changes 
associated with colemanite additions. 
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Table VI. Crucible study results for the initial 16 scheduled trials: 

( 155OoC/3.5 hours) 
Batch I Results 

Clay soil - Colemanitejlux 
HS-C-COS Sintered soil 
HS-C-C 10 Some opaque pale green glass with large unreacted layer 

on too-trace of brown glass 
HS-C-C 15 

HS-C-C20 

HS-C-C3O 

More opaque pale green glass with unreacted layer on top- 
trace of brown glass 
Large amount of opaque green glass with smaller unreacted 
layer on top-trace of brown glass 
Not pourable. Formed same opaque pale green glass as 
earlier colemanite runs 
Sandv soil - Colemanite flux 

HS-S-COS Sintered sand I. HS-S-C10 Sintered sand 
11 HS-S-C15 

HS-S-C20 

11 HS-S-C35 

Sintered sand- some distinct opaque green glass phase 
Foamy green tinted white glass-ceramic- some distinct 
opaque green glass phase 
Not pourable. Formed same opaque pale green glass as 

II I earlier colemanite runs 
Clay soil - Hydraded lime flux 

HS-C-HLOS 1 Sintered soil 
Sintered soil 
Sintered soiVceramic 
Pale green glass-ceramic 

11 Sandv soil - Hvdrated lime flux 
HS-S-HLO5 to HL20 Sintered sand 
HS-S-HL25 

HS-S-HL3 0 

HS-S-HL3 5 

Fluid, poured pellet, crucible contents and pellet both 
formed milky white glass upon cooling 
Fluid, poured pellet, crucible contents and pellet both 
formed milky white glass upon cooling 
Fluid, poured pellet, crucible contents and pellet both 

HS - S -DL3 0 I 
L 1 formed milky white glass with a light blue tint upon cooling 

Sandy soil - Dolomitic limeflux 
Crucible was removed from kiln due to failure. A fluid glas 
had formed, but ate a hole through the crucible bottom 
resulting in loss of melt 

HS-S-DL3 5 Fluid, poured pellet, crucible contents and pellet both 
formed heavily blue tinted milky white glass 
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Arc Melter Runs 
Arc melter run results are summarized in Table VII. Additional details regarding 
compositions and electrode consumption are contained in Appendices A and B, 
respectively. The runs are discussed below. 

Run 1 (ID#O14) 
The melter was charged with a preblended batch consisting of equal parts of sandy and 
clay-type soils (37 wt YO each), 25% colemanite as the flux, and 0.5% each of CuO and 
Ce2Os. The total weight of the batch was 24.26 kg, calculated to produce 20 kg of glass. 

After charging and closing the melter, it was purged with air at a flowrate of-6 s c h  
through one of the ports in the melter lid. The arc was established and the melter 
preheated by maintaining the voltage and current at -10-15 volts and -200 amps (-2-3 
kw) for about 20 minutes. Subsequently, the electrodes were separated and the power 
increased to -14 kW (35 V and 400 A). These operating conditions were maintained for 
approximately an additional 80 minutes (100 minutes cumulative run time) for a total 
power input of 29 kwh as measured by a power meter on the melter. 

As the power was increased, there was an immediate increase in C02 emissions, coupled 
with a corresponding decrease in 0 2  present in the offgas, see Figure 12. Continuous 
monitoring of the offgas with a gas chromatograph showed that the 0 2  level decreased 
from an initial value of -21% to <1% ninety-three minutes into the run. At the same time, 
C02 increased from -0.3-0.4% up to slightly greater than 16%. During this time the N2 
and H2 contents varied from 74.4 to 78.6% and 0 to 1.1%, respectively. 

After -93 minutes of operation, the particulate analysis sample train became clogged and 
it was decided to install a second train for another analysis. To prevent escape of the 
offgas into the lab during the sample train change out, power to the electrodes was 
reduced to -2-3 kW. Opening the offgas system allowed air ingress into the system, with 
the result that 0 2  level increased and C02 level decreased at the gas chromatograph. The 
increase in 0 2  and decrease in COZ does not necessarily reflect changes in reactions taking 
place in the melter since the opening in the offgas system is beyond the melter. A 
graphical presentation of the changes observed in gas composition is shown in Figure 12. 
Tabulated data from all the runs are contained in Appendix C .  
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Table VII. Arc Melter Run Summary 

Run/ 
rrial 

Feed Mass of 
Feed 

Expected 
Mass of 
Product 

Power 
Input 

Description Mass of 
Product 

L 
Trial not 
completed 

Trial not 
completed 

.IO 14 

- 
110 15 

Sandy Soil, 
Clay Soil, and 
Colemanite 

Sandy Soil, 
Clay Soil, and 
Colemanite 

24.26 kg 

23.39 kg 

20.00 

20.02 

29 

9 

Melt froze during probe swapping. 
Electrode broke at threads. Arced to 
head space. 

Used hollow electrode to introduce flux. 
Interfered with arc stability causing me1 
to freeze during the trial. Mauve glass 
formed in the arc zone. 

3/0 16 

- 
4J017 

34 Melt froze during probe swapping. 
Formed a bowl due to viscosity of the 
melt. 

Sandy Soil, 
Clay Soil, and 
Colemanite 

Sandy Soil, 
Clay Soil, and 
Dolomitic 
Limestone 

23.37 kg 

25.3 1 kg 

Trial not 
completed 

Trial not 
completed 

20.00 

20.00 22 Electrode feed system clogged 
preventing fluxes from being added. 
Melt froze while attempting to inrroduc 
flux through plenum. 

19.99 70 Used modified hollow electrode ' 
configuration to blow air through the 
electrode. Produced a gray product. 

YO18 Sandy Soil, 
Clay Soil, and 
Dolomitic 
Limestone 

61020 Sandy Soil, 
Clay Soil, and 
Hydrated Lime 

25.30 kg 

23.22 kg 

17.68 

18.65 Used modified hollow electrode to blov 
air and hydrated lime into molten pool. 
Produced a homogeneous, light gray 
product. Unusual build-up of dust on 
crucible bevel. 

20.00 70 

20.00 I 22.67 kg 15.16 Used modified hollow electrode to blov 
air and hydrated lime into molten pool 
Produced a homogeneous, medium gra 
product. Unusual build-up of dust on 
crucible bevel. 

7/021 Sandy Soil and 
Hydrated Lime 

8J022 Sandy Soil, 1 HydratedLime, 
14.92 glass 

4.14 
unmelted 

batch 
19.06 total 

20.00 70 Used modified hollow electrode to blot 
air and hydrated lime into molten pool 
Produced a homogeneous bludavende 
product. Some unmelted feed near the 
edges. Unusual build-up of dust on 
crucible bevel. 

I I 
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Figure 12 Offgas composition changes observed during Run #1 
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The second sample train was installed after approximately 10 minutes and the electrodes 
were separated to reestablish the previous operating conditions of -14 kW. Although 
unknown at the time, the melt that had been created at the bottom of the melter solidified 
around the electrodes during the time that the power level had been reduced. When an 
attempt was made to separate the electrodes, the upper electrode broke at the point where 
it threaded into the extension. When the arc was reestablished, it occurred between the 
top of the broken electrode and the bottom of the extension, about midway along the 
thickness of the refractory in the lid of the melter. This situation was realized when 
molten refractory was seen dripping from the top of the melter while the melter operation 
was being observed through the video camera. The run was terminated immediately. 

After disassembling the melter, it was discovered that establishing the arc at the electrode 
breakage point resulted in destruction of some of the refiactory in the melter roof This 
refractory melted and ran down the electrode, giving it the appearance of a candle with 
heavy wax build-up along its length. This and the bowl-shaped sintered charge are shown 
in Figure 13(a). Figure 13(b) shows that fksion of the soil was limited to a fairly narrow 
region between the top and bottom electrodes, forming a small amount of glass. The glass 
was medium gray in color with swirls of lighter gray. Outside the arc zone, the remaining 
soil was sintered, creating a bowl-shaped mass, but showed no evidence of melting. 

! 

Run2 (ID#O15) 
M e r  repairing the damaged melter roof, a batch containing a 50:50 mixture of sandy soil 
and clay soil, plus 0.5% each of copper and cerium, was prepared. 25% colemanite flux 
was to be injected into the melt through a hollow electrode. Start up of the run proceeded 
similarly to run #1. After the arc was stabilized, injection of the colemanite flux was 
begun. It was observed that the arc was very unstable while the flux and air were being 
injected through the hollow electrode. Several times the arc extinguished but could be 
reignited. During one attempt at reigniting the arc, the electrode stuck in the glass at the 
bottom of the crucible and broke. The run was terminated after 9 kwh vs a target of 80 
kwh. Figure 14 shows the sintered batch after removal fiom the crucible. Once again, 
the electrode broke at the base of the threaded stub. A small quantity of mauve colored 
glass was formed during this run. Permanent gas analysis results are shown in Figure 15 
and Appendix C.  
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Sintered mass created when charge cooled during sample I train 
change-out. Also shown is melter refractory that ran down 
electrode. 

E -  
between the electrodes. Also note damage at top of electrode 
caused by arcing. 

Figure 13. Product Formed During Run . .. 
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Figure 14. Product From Run 2. 

WSRC SC0003rTO 187 27 



90 

80 

70 

60 

Permanent Gas Emissions Trial 015 
H,, O,, N2, and CO, 

. w % VOl. 

02 % Vol . Nz % VOl. 
x c 0 2 % V o l  

30 

20 

10 

0 
0 10 20 30 40 50 60 70 80 

Time (min) 

Permanent Gas Emissions: Trial 015 
H,, 0,, and CO, 

0 10 20 30 40 50 60 70 80 

Tim e (m in) 

. m%vol 
0 2  % Vol. L x cor! % VOl. 

Figure 15. Offgas composition changes observed during Run #2. 
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Run3 (ID#O16) 

This run also consisted of a 5050 blend of sandy and clay soil, but with the colemanite 
flux blended into the soil rather than being iGected as in Run 2. After stabilizing the arc, 
only air was injected into the melter through the hollow electrode. The purpose of this 
test was to determine if the previously observed arc instability was caused by the injected 
flux, or by the injection of air alone. Arc instability was reduced greatly during this test, 
confirming that arc instability occurred when flux flowed between the two electrodes. 

During the run the off gas particulate sampling train again became clogged. Once again an 
attempt was made to change it out, but within a greatly reduced time frame. Even though 
the change out required only about 1 minute, the electrode Froze in the melt. The run was 
terminated after 34 kwh. A small quantity of gray glass was produced during the run. 
Permanent gas analysis results are shown in Figure 17 (see next page) and Appendix C. 

Post-run examination of the upper electrode revealed that one side eroded much faster 
than the other. This is attributed to a slight misalignment of the upper and lower 
electrodes. Figure 16, although not clearly showing the side-to-side erosion, does provide 
an indication of the damage realized by the electrode due to injecting air through it. The 
base of the electrode is rounded and the central hole is enlarged. During this run 758 gms 
(18.1%) of the top electrode was destroyed. (2.9%/kWh) 

: 

Figure 16. Example of Electrode Damage Occurring During Air Injection. 
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Figure 17. Offgas composition changes observed during Run #3. 
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Run4 (ID#O17) 

The modified electrode, shown in Figure 6 and discussed previously, was used during this 
run for flux injection. Dolomitic lime was selected in favor of colemanite because of the 
high viscosity of the colemanite flux melts. The batch was a 5050 mixture of sandy and 
clay soil, with 0.5% Cu and Ce radionuclide surrogate materials. The pelletized lime 
would not feed into the melter and eventually clogged the feed system. The run was 
terminated after 22 kwh. A small quantity of gray glass was produced during the run. 
Permanent gas analysis results are shown in Figure 19 (see next page) and Appendix C. 

Run 5 (ID #018) 
This run also consisted of a 5050 blend of sandy and clay soil with Cu and Ce 
radionuclide surrogate additions, but with the dolomitic lime flux blended into the soil 
rather than being injected as in Run 4. After stabilizing the arc, only air was injected into 
the melter through the modified hollow electrode. The purpose of this test was to 
determine the effect of using dolomitic lime as the flux. 

This run was successfblly terminated after 70 kWh with 17.68 kg of gray glass produced 
compared to a predicted 19.99 kg. Permanent gas analysis results are shown in Figure 20 
and Appendix C. 

Severe erosion of the electrode air exit holes was observed at the completion of this run. 
As shown in Figure 18, the left side of the electrode shows nearly complete erosion 
between the front and rear air exit holes. This electrode experienced 766 gms weight loss. 
(2 1.2% total loss or 0.3%/kWh.) 

Figure 18. Damage Experienced by the Modified Electrode 
Caused by Air Injected into the Melt during Run 5. 
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Figure 19. Offgas composition changes observed during Run #4. 
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Figure 20. Offgas composition changes observed during Run #5. 
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Figure 20. Offgas composition changes observed during Run #5.(cont.) 
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This run demonstrated that soil could be processed to a glassy form in the EPI melter by 
preblending the flux into the soil and injecting air through the electrode. However, the 
form of the flux was not suitable for the feeding mechanism that was fabricated for this 
project and the ability of flux additions through the electrode had not been demonstrated. 
The last three runs were conducted with finer size, hydrated lime. 

Run6 (ID#020) 
The batch was a 50:50 mixture of sandy soil and clay soil, with 0.5% Cu and Ce 
radionuclide surrogate additions. 25% hydrated lime flux was injected into the melt 
through a modified hollow electrode. The purpose of this run was to attempt injection of 
the finer particle size lime flux into the melt. This run progressed smoothly until 
terminated by the operator at 70 kWh. Permanent gas analysis results are shown in Figure 
22 (see next page) and Appendix C. 

A homogeneous, light gray, glassy product weighing 18.65 kg was formed and is shown in 
Figure 21. (The predicted recovery weight was 20 kg.) One unusual feature of this run 
was the copious amount of white particulate matter that was present on the bevel of the 
crucible after the run, shown in Figure 23. This build-up is attributed to the fineness of the 
flux; it is believed that some of the flux was carried away from the surface of the melt and 
was deposited on the crucible bevel. 

Figure 21. Homogeneous Glassy Product Produced During Run 6. 
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Figure 22. Offgas Composition Changes Observed During Run #6. 
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Figure 22. Offgas Composition Changes Observed During Run #6. (cont.) 

Figure 23. FIux Build-up on Rim of Crucible. 
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Run7 (ID#O21) 
This batch was composed solely of sandy soil with 25% hydrated lime flux to be injected 
into the melt through a modified hollow electrode. The purpose of this run was to veri@ 
that the higher melting point sandy soil could also be successhlly processed using the 
approach used for the sandy and clay soil mix. This run also progressed smoothly and was 
terminated by the operator after 64 kwh. A homogeneous, medium gray, glassy product 
weighing 15.16 kg was formed. (The predicted recovery weight was 20 kg.) Permanent 
gas analysis results are shown in Figure 24 and Appendix C. This run also showed a 
build-up of particulate matter on the crucible bevel. 

R u n 8  (lD#O22) 
This batch was also sandy soil, but simulated pieces of debris were placed on the top of 
the batch, as shown in Figure 25. These consisted of an 884 gm, 0.25” thick stainless steel 
disk, a 152 gm piece of threaded rod, and a 1,430 gm piece of fiberglass reinforced 
concrete. 25% hydrated lime flux (based on charge weight exclusive of debris) was 
injected into the soil during the run using a modified electrode. This run progressed 
smoothly, producing 14.92 kg of a bluehavender glass (vs 20 kg calculated) d e r  70 
kwh,. The metallic debris melted during the run and settled at the bottom of the crucible 
where it reacted with the bottom plate. (The bottom plate is a sacrificial graphite disk 
used to protect the crucible.) 4.14 kg of unmelted batch material remained near the edges 
of the melt, resulting in 19.06 kg of material being recovered after the run. 
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Figure 24. Offgas Composition Changes Observed During Run #7. 
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I 

Figure 25. Placement of debris for Run 8. Note that access to the bottom 
electrode is provided by a rectangular box. 

Permanent gas analysis results are shown in Figure 26 and Appendix C. This run also 
showed a build-up of particulate matter on the crucible bevel. 

Particulate analysis 
Although the intended sample time was one hour, the actual sample time was less due to 
the filter becoming clogged with particulate matter. The following results were obtained: 

Table VIII Particulate analysis result summarized for all runs 

Run/ Sample Duration Particulate Concentration Moisture Content ("10 by 
Trial (minutes) (gm/m3) standard volume) 
1/014 3 1.0 28.4 11.4 s 

210 15 54.2 15.5 10.1 
31016 25.0 34.6 12.8 
4/0 17 

II 

510 18 21.9 9.0 7.9 
61020 26.1 22.9 23.4 
7/02 1 19.7 28.5 15.0 
8/022 30.0 34.5 21.5 
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Figure 26. Offgas composition changes observed during Run #8. 
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Figure 26. Offgas composition changes observed during Run #8. (cont.) 
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EIectrode Consumption 
Complete details of electrode weight loss are contained in Appendix . In summary, 
approximately equal upper electrode loss, as measured by weight % loss per kwh, was 
observed for both the hollow (central hole) and modified (side holes) electrodes. This 
result is somewhat surprising given the increased surface area for air passage in the 
modified electrode, and the aggressive wear observed around the air exit holes during run 
5 as shown in Figure 18. A review of the electrode wear data reveals that the hollow 
electrode suffers severe length loss compared to the modified electrode. While the hollow 
electrode lost an average of 0.6 inches/kWh, the modified electrode lost only 0.014"kWh 
on average. 

CONCLUSIONS 
e 

e 

e 

e 

e 

0 

0 

0 

e 

e 

Soil can be processed into a glassy, macroscopically homogeneous products in the 
graphite electrode, DC arc melter if air is injected into the melter during the run. 

Flux injection through a hollow (central hole) electrode results in frequent 
extinguishing of the arc. 

Flux injection through a modified (side holes) electrode does not extinguish the arc. 

Dolomitic lime was found to be the best flux for these trials based on its ability to be 
fed through the electrode without clogging, and its ability to enhance processing of the 
soil. 

Colemanite is not an acceptable flux for runs done under the conditions used in this 
study because it does not lower the viscosity of the melt or promote melting 
sufficiently to allow processing. 

lime used as a flux was adequate to promote processing of the soil for the conditions 
used in this study. 

When using lime as a flux, 70kWh energy input was sufficient for essentially complete 
processing. 

In terms of weight % loss per kwh of power input to the melter, electrode geometry 
(central hole vs side holes) did not exert an influence on electrode wear. 

To attain essentially complete processing of the soils studied in this project typically 
required 4.2 k W g  of glass produced. 

Processing atmosphere within the vessel was very reducing despite injection of air 
during the run. 
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The processing atmosphere within the melter was very reducing despite air injection 
through the electrode. This resulted in offgas particulate matter emissions several 
orders of magnitude higher than typically observed within a joule-heated melter. 

RECOMMENDATIONS 
The graphite electrode, DC arc melter is capable of very high operating temperatures and, 
as a result, can consume a wide variety of objects that would not be destroyed in a 
traditional joule-heated melter. The reducing atmosphere that exists in the melter allows 
pyrolysis of high organic and debris-containing wastes without incineration. A subsequent 
transition to joule heating and an oxidizing atmosphere allows control over a wide range 
of melting temperatures and provides wide latitude for formation of stable glasses. 
Extinguishing the arc also quiets the melt pool., and is expected to diminish the release of 
particulate matter and potentially volatile constituents. Based on these observations, the 
following actions are recommended. 

Evaluate alternate electrodes, such as refractory metal or water non-consumable 
electrodes, to allow greater control over the reducing conditions existing in the melter 

Further evaluate the transition from transferred arc to joule heating mode as a means 
of destroying debris and high organic materials followed by creation of a stable glass. 

e Improve the offgas system to accommodate the potential creation of hazardous and 
flammable organic compounds. 

Explore the glass composition range that would be allowed by the wide temperature 
capability of the melter. 
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This report is based on data contained in the following record books. 

Record Book Pages 
AY 76-78, 80, 83-87,89-90,96 
CG 1-3, 7-15, 17-37, 41-54. 
Ax 19,20, 29-39 
BW 77-93 
CI 1-16 
CE 39,40 
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Trial Soil Other Flux 

014 8.26 kg SRS Clay Soil 0.173 kg Cez(C03)3 8.02 kg 
7.72 kg SRS Sandy 0.253 kg Cu(C2H302)2 
Soil 

015 8.32 kg SRS Clay Soil 0.172 kg Ce2(C03)3 7.02 kg 
7.62 kg SRS Sandy 0.262 kg Cu(C2H302)2 Colemanite 
Soil 

7.60 kg SRS Sandy 0.262 kg Cu(C2H302)2 
016 8.32 kg SRS Clay Soil 0.172 kg Ce2(CO3)3 

Soil 

017 

018 

8.32 kg SRS Clay Soil 
7.60 kg SRS Sandy 
Soil 

8.30 kg SRS Clay Soil 
7.60 kg SRS Sandy 
Soil 

0.170 kg Ce*(C03)3 
0.262 kg C U ( C ~ H ~ O ~ ) ~  

8.96 kg 
Dolomitic 
Limestone 

8.96 kg 
Dolomitic 
Limestone 

020 8.28 kg SRS Clay Soil 0.177 kg Ce2(CO3)3 6.74 kg 
7.76 kg SRS Sandy 0.261 kg Cu(C~H302)2 ca(oH)2 
Soil 

021 15.50 kg SRS Sandy 0.174 kg Ce2(CO& 6.74 kg 
Soil 0.256 kg Cu(C2H302)2 Ca(OH)2 

022 8.30 kg SRS Clay Soil 0.174 kg Ce2(CO3)3 
7.74 kg SRS Sandy 0.258 kg Cu(C2H302)2 
Soil 0.884 kg steel disk 

Total 

24.26 kg 

23.394 kg 

23.374 kg 

25.312 kg 

25.299 kg 

23.218 kg 

22.670 kg 

~ 23-212 kg 

0.152 kg threaded rod 
1.430 kg fiberglass 
reinforced concrete 
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Appendix B 

Electrode Consumption 
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r -  
I 
I Upper 

Electrode 
Before 

Upper 

1 

Electrode 
Loss 1 

1.50” 
0.463 kg 

Trial upper 
Electrode 

After 
5 

Lower 
Electrode 

277 
3.5” 
0.351 kg 

Lower 
Electrode 

M e r  

Lower 
Electrode 

Loss 
Xun halted. 11 4 I 

Xameter 
,ength 
dUS 
!9 kwh 

Standard 
I” 
!1 .O” 
1.267 kg 

3 ” 
19.5” 
3.804kg 
3.05 2”/ 
k w h  

2 7 7  

NA 
NA 

I1 5 
Diameter 
>ength 
\.lass 
? k w h  

Hollow 
3 ” 
22.0” 
NA 

Two upper 
electrodes 
used. Both 
snapped. Run 
Halted 

3” 
22.0” 
4.403 kg 

2” 
3.5” 
0.347 kg 

2” 
NA 
NA 

0” 
NA 

3” 
19.3 75” 
3.420kg 

0.07”/ 
kwh 

91 6 
Diameter 
Length 
Mass 
34 kwh 

Hollow 
3 ” 
22.0” 
4.178 kg 

Lower 
Electrode 
entirely 
consumed. 
2.375” 
0.247 kg 

Feed System 
Clogged. Run 
Halted. 
NA 
NA 

2” 
2.375” 
0.247 kg 

2.62 5” 
0.758 kg 

01 7 
Diameter 
Length 
Mass 
22 kwh 

Modified 
3” 
1 8.875” 
3.540kg 

3” 
NA 
NA 

2” 
NA 
NA 

2” 
3 .O” 
0.317 kg 

NA 
NA 

01 8 
Diameter 
Length 
Mass 
70 kwh 

Modified 
3 ” 
20.3 7 5” 
3.619 kg 

3” 
19.75” 
2.853 ki 

2” 2” 
0” 2.0” 

0.229 kg 
2.0” 
0.157 kg 

0.625” 
0.766 kg 0.072 kg 

0.009”/ 
kwh 
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Lower I Lower Trial 1 Upper 1 Upper I Loss Loss 
Electrode 

After I I After I Before I 
Modified 
3 ” 
16.875” 
3.039 kg 

I 

2” 
2.438” 
0.554 kg 

2” 
3.3 13” 
0.335 kg 

420 
Diameter 
Length 
Mass 
70 kwh 

3” 
16.125” 

2” 
3.75” 
0.090 kg 

0.75” 1.688” 
0.464 kg 

0.01 1”/ 

Modified 
3 ’) 
20.5 63” 
3.742 kg 

021 
Diameter 
Length 
Mass 
64 kwh 

3 ” 
19.75” 
3.036 kg 
0.0 1377 
kwh I 

2” 
1.0” 0.813” 

0.706kg 
2.3 13” 
0.20 kg 0.135 kg 

022 
Diameter 
Length 
Mass 
70 kwh 

Modified 
3” 
20.563” 
3.727 kg 

3 ” 
19.0” 
2.757 kg 
0.022”/ 
kwh 

2” 2” 
0” 

Okg 
1.563” 
0.970 kg 

2.875” 2.875” 
0.296 kg 0.296kg 
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Appendix C 

Permanent Gas Analysis Results (Runs 1-8) 
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Permanent Gas 
Analyses 
Run #1 4/9/96 

I 35 96.2 I 0.511 I 4,155 I 75.525 I 14.096 I 
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Permanent Gas 
Analyses 
Run #1 4/9/96 

Sample Cycle RunTime H2 co2 1 I Time I I I O2 I N2 1 I co 
(min) (min) YO Vol. % Vol. YO Vol. % Vol. 

36 3 .O 99.2 0.159 12.907 76.402 7.366 No 
37 3 .O 102.2 0.086 16.555 76.902 4.182 No 
38 3.0 105.2 0.083 17.616 76.990 3.088 No 

I 39 I 3.0 I 108.2 I 0.089 I 18.100 I 77.083 1 2.487 I No 
40 3 .O 111.2 0.097 17.922 77.137 2.578 No 
41 3.0 114.2 0.124 18.019 77.094 2.515 No 
42 3 .O 117.2 0.172 17.628 77.102 2.812 No 

I 43 I 3.0 I 120.2 1 0.278 I 17.597 1 76.879 I 2.785 I No 

43 I 3.u I N O  
46 I 3.0 I 129.2 I 0.454 I 18.079 I 76.460 I 2.176 I No 
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Run #2 4/19/96 
Raw 
Data 

Sample Cycle RunTime H2 0 2  N2 co2 Total 
Time 
(min) (min) % Vol. YO Vol. % Vol. % Vol. % Vol. 
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Run #5 4/30/96 
Raw 
Data 

Total 
Time 
(min) (min) % Vol. % Vol. % Vol. YO Vol. % Vol. % Vol. 

1 2.5 2.5 0.151 20.764 78.058 0.197 0.000 99.17 

Sample Cycle RunTime H2 0 2  N2 c02 co 

-mr . P 59 
I .&* 
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Run #5 4130196 
Raw 
Data 

Sample Cycle RunTime H2 0 2  N2 co2 co Total 
Time 
(min) (min) % Vol. % Vol. % Vol. ‘YO Vol. YO Vol. % Vol. 

-mc . e 60 e-.-. 
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Trial 020 5/9/96 
Raw Data Run #6 

34.000 2.500 85.000 0.002 8.091 81.604 8.912 0.000 98.609 
35.000 2.500 87.500 0.001 6.703 80.334 11.168 0.000 98.206 
36.000 2.500 90.000 0.001 7.084 79.648 11.427 0.000 98.160 
37.000 2.500 92.500 0.000 6.439 80.224 11.594 0.000 98.257 
38.000 2.500 95.000 0.000 5.497 79.976 12.469 0.000 97.942 
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Trial 020 5/9/96 
Raw Data Run #6 

54.000 2.500 135.000 0.000 20.765 77.413 0.081 0.000 98.259 
55.000 2.500 137.500 0.000 15.521 77.848 3.812 0.000 97.181 



Trial 021 5/10/96 
Raw Data Run #7 

2.67 

2.67 

I 8 I 2.67 

I 15 I 2.67 

(fin) 1 % vol. j %vel. 1 % vol. 
2.67 0.000 21.181 79.327 
5.34 I 0.000 I 21.164 I 79.257 
8.01 I 0.000 I 21.139 I 79.153 

21.36 I 0.000 1 17.056 I 83.691 
24.03 0.619 7.381 83.556 
26.70 0.255 11.495 83.629 
29.37 I 0.602 I 10.053 I 83.921 

~ 32.04 I 0.150' I 11.571 1 83.900 
34.71 0.096 11.511 83,669 
37.38 0.100 11.998 83.278 

I 40.05 I 0.040 I 11.378 I 83.465 
16 2.67 42.72 0.166 13.316 84.024 
17 2.67 45.39 0.030 12.421 82.43t 
18 2.67 48.06 0.027 10.918 83.67; 
19 2.67 50.73 0.027 10.771 83.701 
20 2.67 53.40 0.009 9.532 83.22; 
21 2.67 56.07 0.003 18.546 79.18: 

I 22 I 2.67 I 58.74 I 0.050 I 3.626 I 83.66: 
23 2.67 61.41 0.006 1 18.398 78.711 
24 2.67 64.08 0.002 I 19.518 78.431 
25 2.67 66.75 I 0.042 1 19.644 78.231 

C02 I CO I Total 

0.054 I 0.000 I 100.475 
0.048 I 0.000 I 100.340 

0.035 0.000 100.782 
8.733 1.738 102.027 
5.242 0.664 101.285 
6.275 0.764 101.615 

6.766 I 0.000 I 101.649 I 
3.239 0.201 100.946 
6.298 0.037 101.222 
6.759 I 0.041 I 101.417 I 

I 15.718 I 0.167 I 103.224 I 

I 1.045 I 0.057 I 99.026 I 

36 2.67 96.12 0.000 5.568 84.217 12.701 0.000 102.486 
37 2.67 98.79 0.000 4.659 84.321 13.675 0.000 102.655 
38 2.67 101.46 0.741 3.894 82.449 14.143 0.663 101.890 
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Trial 021 5/10/96 
Raw Data Run #7 

Sample Cycle 
Time 
(min) 

39 2.67 
40 2.67 
41 2.67 
42 2.67 
43 2.67 

1 44 I 2.67 

47 2.67 
48 2.67 
49 2.67 
50 2.67 
51 2.67 
52 2.67 
53 2.67 
54 2.67 
55 2.67 

RunTime H2 0 2  N2 c02 co Total ’ 

(mid % Vol. % Vol. % Vol. % Vol. % Vol. % Voi. 

117.48 I 0.000 I 9,065 I 82.035 I 10.021 I 0.000 I 101.121 I 
120.15 0.000 7.216 82.181 12.137 0.000 101.534 
122.82 0.000 7.360 81.270 12.843 0.000 101.473 
125.49 I 0.000 I 4.501 I 81.710 I 15.992 I 0.000 I 102.203 I 

146.85 I 0.001 I 20.941 1 78.570 I 0.069 I 0.000 I 99.581 I 
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Trial 022 5/13/96 
Raw Data Run #8 

Sample Cycle RunTime €32 0 2  N2 coz co Total 
Time 
(min) (min) % Vol. % Vol. % Vol. % Vol. % Vol. % Vol. 

39 2.67 104.13 0.000 21.322 79.654 0.039 0.000 101.015 
40 2.67 106.80 0.000 21.328 79.586 0.044 0.000 100.958 
41 2.67 109.47 0.000 19.349 79.422 1.337 0.000 100.108 
42 2.67 112.14 0.000 21.011 78.576 0.069 0.000 99.656 
43 2.67 114.81 0.000 21.058 78.701 0.047 0.000 99.806 
44 2.67 117.48 0.000 21.128 78.865 0.045 0.000 100.038 
45 2.67 120.15 0.000 21.349 79.646 0.035 0.000 101.030 
46 2.67 122.82 0.000 . 11.258 83.417 8.320 0.000 102.995 
47 2.67 125.49 0.000 11.379 83.310 8.234 0.000 102.923 

- 

I I -  I I I I 

48 I 2.67 I 128.16 I 0.000 1 11.969 I 83.012 I 8.000 1 0.000 I 102.981 
49 2.67 130.83 0.000 13.190 82.468 7.162 0.000 102.820 
50 2.67 133.50 0.000 13.647 82.372 6.665 0.000 102.684 
51 2.67 136.17 0.000 13.727 82.036 6.808 0.000 102.571 
52 2.67 138.84 0.000 13.117 82.115 7.492 0.000 102.724 
53 2.67 141.51 0.000 14.417 81.598 6.457 0.000 102.472 
54 2.67 144.18 0.000 16.265 80.794 4.978 0.000 102.037 
55 2.67 146.85 0.000 20.219 79.843 1.188 0.00; 101.250 
56 2.67 149.52 0.000 13.733 81.264 7.791 0.000 102.788 
57 2.67 152.19 0.000 21.363 79.714 0.072 0.000 101.149 
58 2.67 154.86 0.000 21.400 79.857 0.048 0.000 101.305 
59 2.67 157.53 0.000 21.382 79.971 0.040 0.000 101.393 
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