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SUMMARY

The Pacific Northwest Laboratory is conducting several research and development pro-
grams for the solidification of high-level wastes. The liquid-fed ceramic melter (LFCM) is
a major component in the solidification process. This melter can solidify 1liquid high-
level waste, as well as melt calcined waste with g]ass'additives and then solidify the mix-
ture. This report describes the LFCM system and shows the main features of the refracto-
ries, electrodes and power systems, melter box and 1id, draining system, feeding system,
and off-gas system.
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LIQUID-FED CERAMIC MELTER:

A GENERAL DESCRIPTION REPORT

INTRODUCTION

The Pacific Northwest Laboratory (PNL),
operated by Battelle Memorial Institute,
is conducting a study for the Department
of Energy (DOE) to develop suitable pro-
cesses for incorporating radioactive waste
into a glass. Such a process requires a
reliable system that converts the aqueous
1iquid waste into a stable glass product.
During the last four years, PNL has devel-

oped the joule-heated ceramic melter as a
major component of this process. A prime
step toward developing a glass melter capa-
ble of hot-cell operation has been the
construction, start-up, and operation of
the full-scale 1liquid-fed ceramic melter
(LFCM), shown in Figure 1. This report
presents the general component design of
the LFCM melter.
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HISTORY

The basic nuclear waste solidification
process drys and oxidizes liquid waste to
a solid form called calcine and melts it
with glass additives to produce a stable
glass product. The LFCM's smaller prede-
cessor, the Engineering-Scaled Ceramic
Melter (ESCM), demonstrated that 1liquid
waste could be directly converted to glass
in the melter without precalcination. The
LFCM was then constructed so that the pro-
cess feasibility could be demonstrated
with simulated nonradioactive waste at a
larger scale. Data could be acquired on
capacities, glass quality, and volatile
species control.

The LFCM was designed to process simu-
lated liquid waste at a rate of 75 2/hr,
although even greater rates have been dem-
onstrated. The melter was also designed
to maintain the capability of calcine
feeding, a more developed process. Feed
rates for calcine feeding have been demon-
strated which have produced as much as
140 kg of glass per hour (3.4 tonne/day).

To date, the LFCM has been and will con-
tinue to be demonstrated with simulated

defense wastes in both short- and long-
term runs. Because of the wide variation
in the types of high-level waste and re-
sulting glass compositions for defense
wastes, the melter had to be designed to
accomodate all these compositions. The
LFCM is used to determine the quality of
the vitrified glass produced by the melter
on the basis of homogeneity, devitrifica-
tion, leach rate, and the extent of crack-
ing of the glass. Thus far, we have found
that these properties can be greatly con-
trolled by process adjustments and/or
glass additive compositional changes. The
melter 1is also being used to determine,
qualitatively and quantitatively, the
volatile species during operation and idl1-
ing or during nonproduction periods, which
will exist in a vitrification plant when
other in-line equipment is down.

Besides being adaptable to both calcine
and Tiquid feeding, the LFCM has many
other improvements over the engineering-
scaled unit. These improvements, together
with the basic design of the LFCM, are de-
scribed in general in this report.



DESIGN FEATURES

The basic operating principle of the
LFCM is the same as any commercial glass
industry electric melter. Molten glass
contained in high-temperature refractory
is subjected to an alternating potential
between two electrodes. An alternating
current is thus conducted between the
electrodes by mobile ions in the molten
glass. The current produces a heat-
generating effect in the molten glass
known as "joule heating." The primary
differences between radiocactive waste
glass melters and industrial glass melters
are that the waste melters:

e must be remotely operated and maintained
for hot cell operation

e contain gaseous effluents for treatment
(operated at a partial vacuum)

e have a long life under continuous opera-
tion.

The basic elements that make up the LFCM
are the:

e refractory, which contains the molten
glass

e electrodes and power system which pro-
vide and control the necessary power to
sustain melting

e containment box, which contains the re-
fractory and electrode materials and
provides effluent isolation and secon-
dary glass containment

e primary drain control system, which al-
lTows remote control of glass outflow

e bottom drain, which allows for complete
or partial draining of the LFCM

e auxiliary heating systems, which provide
heat to areas not attainable through
joule heating or conduction

e instrumentation, which records tempera-
ture, electrical, cooling flow and other
operational signals

o feed systems

e effluent systems, which treat off gases
before release.

REFRACTORY

The molten glass in the LFCM is con-
tained by high-temperature refractories.
The refractories are constructed of two
basic layers. First, the glass-contact
refractory, which maintains the highest
resistance to corrosive attack, contains
the molten glass directly. A backup layer
of insulating refractory provides higher
thermally-insulative properties, yet still
maintains good corrosive resistance.

The glass contact refractory, shown in
Figures 2 and 3 must be:

e resistant to corrosion over Tong periods
of time at operating temperatures
{12000¢)

o electrically resistive relative to the
molten glass to avoid electrical shorting

e thermally insulative
e resistant to thermal shock.

It is commonly known that high chromia
refractories have excellent resistance to
corrosion. However, chromia refractories
also have high electrically conductive
properties. For the refractory lining in
the LFCM, we chose Monofrax® k-3, which
contains about 30% chromia and 60% alum-
ina. Thus far, the refractory has shown
the same excellent corrosion resistance as
the higher chrome containing Monofrax E,
used in the ESCM. However, the K-3 does
not pose a shorting problem because of
higher electrical resistivity.

®Monofrax is a registered trademark of the Carborundum Co., Falconer, NY.
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Because the K-3 s fused-cast, it is
very dense and has a fairly high thermal
conductivity relative to other refractory
products. Therefore, the walls are backed
with 3 in. of Alfrax® castable refractory
(see Figure 4). The floor 1is insulated
with a dense Zirmul® brick, which has bet-
ter insulative properties than K-3 but
still maintains good resistance to molten
glass attack. The floor and walls are
surrounded by sheets of mica for added
electrical protection. Also, 1/2-in.-
thick, crushable fiberboard was placed be-
tween the walls and containment box to ac-
commodate the thermal expansion of the re-
fractory during heatup.

ELECTRODES AND POWER SYSTEM

Because of the good corrosion resistance
already experienced in the ESCM electrode
material, Incone1® 690 was chosen for the
LFCM unit as well. The electrodes, which
were machined out of 5-in.-dia Inconel in-
got, are imbedded in the opposing elec-
trode walls. For additional control of
glass tank temperatures, the electrodes
are arranged in a dual electrode system
consisting of an upper and lower set of
electrodes, as shown in Figure 5.

The upper electrodes receive their power
from a multitopped, 250 KVA single-phase
transformer. The power can be controlled

by a manual constant current or constant
power signal feedback Toop. Since elec-
trical resistivity of glass decreases with
temperature, constant current control
offers a desirable self-regulating fea-
ture, because the voltage, and thus power,
will decrease as the temperature rises.
The electrodes can also be controlled by
constant temperature, which is read by an
internal thermocouple in the electrodes or
an infrared optical pyrometer. Thus far,
however, stability and reliability have
impeded this type of control. The lower
electrodes can either be controlled manu-
ally or by a ratio of the current feedback
signal from the upper electrodes. The
actual power to the electrodes is regu-
lated by silicon controlled rectifiers
{SCRs), which allow only a certain phase
angle of the voltage wave form supplied to
each set of electrodes to pass. Figure 6
shows the overall power system component
schematic.

CONTAINMENT BOX

To contain gaseous effluents generated
during the vitrification process, an air-
tight box encompasses the entire ceramic
melter. This is illustrated in Figures 7
and 8. The construction material for the
LFCM container is 304 stainless steel and
Inconel 601.
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® Alfrax is a registered trademark of the Carborundum Co., Falconer, NY.
Zirmul is a registered trademark of the Charles Tayler Sons Co., Cincinatti, OH.
Inconel is a registered trademark of the International Nickel Co., Huntington, WV.
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The lower part of the shell, which con-
tains the refractory components, is Tlined
with cooling baffles. FEach of these zones
can be controlled independently with ei-
ther water, steam, or air as the cooling
fluid. Aside from keeping the refracto-
ries cool, the cooling zone freezes the
glass as it approaches the outer wall and
acts as a second barrier for preventing
glass leakage through a potential crack in
the refractory.

The upper section of the melter con-
tainer, called the 1id, provides a head
space for gas de-entrainment of dust or
aerosol vapors. The 1id is surrounded by
plate heaters, which can be used for melt-
ing builtup material that accumulates dur-
ing liquid feeding. The 1id heaters are
controlled manually, automatically by tem-
perature control, or programmatically for
heatup and cooldown. The cover plate of
the 1id has various access ports for feed-
ing, viewing, and acquiring data. The
entire 1id 1is attached by a gasket to the
main section of the melter box with an
asbestos rope. Because of the high tem-

perature degradation of asbestos, the
melter developed high air inleakage at the
cover plate gasket. Therefore, the cover
plate was welded to the 1id as a single
piece. At the gasket to the melter box,
the asbestos seal has maintained Tow
enough temperatures to provide a re-
liable vacuum seal.

PRIMARY DRAIN CONTROL

During operation, the glass flows from
the bottom of the melter through a riser
block, over a trough, and into a receiving
canister. The glass drainage is con-
trolled by a tilting mechanism, shown in
Figure 9. This tilt mechanism operates
much the same way as a tea kettle. When
the screw jack is raised or Tlowered, the
melter tilts about the pivot point, allow-
ing the glass to drain. Molten glass
falls from a pouring spout made of Inconel
690 through an airtight downpipe into the
canister below. More than 100 kg of glass
may be drained with ~2° tilt angle with
this melter.

LIMITORQUE
SCREW JACK

FIGURE 9. Screw Jack and Tilting Cradle



The overflow section must be heated ex-
ternally so that the glass will remain
fluid enough for pouring. Originally the
LFCM utilized three separately-controlied

zones of Thermcraft® resistance plate
heaters for this purpose. However, inade-
quate temperatures for the more viscous

glasses and operational failure at higher
temperatures required a modification. The
plate heaters were replaced with three
zones of silicon carbide heaters. Each of
these zones 1is controlled independently,
either manually or by temperature control.
The riser block also has two more zones of
plate heaters, which are located outside
the containment box.

BOTTOM DRAIN

A bottom drain was incorporated into the
design of the LFCM as an auxiliary drain
system and as a method of completely re-

23/8 DIA

(6.03cm)

81/2" DIA
(21.59cm)

moving the glass from the melter for shut-
down purposes. For hot cell use, the
drain must operate remotely. This type of
technology is not available in the commer-
cial glass industry. A schematic of the
bottom drain, known as the freeze valve,
is shown in Figure 10.

The freeze valve is an annulus 3/16-in.
wide. The annulus is provided with cool-
ing jackets on both the internal-external
sides and 1is also supplied with a heat
source. When not in operation, there is a
frozen glass plug in the annulus, prevent-
ing any glass from flowing. When glass
drainage is desired, the cooling is turned
off and heat is applied. This will thaw
the frozen glass plug and allow the glass
to drain. Glass drainage can be con-
trolled and stopped if a cooling fluid is
introduced in the cooling jacket. This
fluid can be water, steam, or air. At the
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® Thermcraft is a registered trademark for Thermcraft, Inc., Winston-Salem,



time of this writing, this drain has not
yet been demonstrated in the LFCM but has
been successfully demonstrated in a previ-
ous melter.

AUXILIARY HEATING SYSTEMS

As already explained, some sections of
the LFCM require heat sources in addition
to the heat supplied by the power elec-
trodes. The heaters are either ceramic
plate heaters with resistance heating wire
as the heating element or silicon carbide
resistance heaters. Their locations and
type are shown in Figure 11 and are iden-
tified below:

e Overflow heaters, Zones I, II, and IV
e Riser block heaters, Zones III and V
e Cover plate heaters

e Bottom drain heaters.

INSTRUMENTATION

The LFCM has been constructed with full
instrumentation for maximum data acquisi-
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tion. Temperatures are continually moni-
tored and recorded for the electrodes,
various locations within refractory floor
and walls, amid the auxiliary heaters 1in
the overflow, on the 1id, and the riser
section. Thermocouples are also Tlocated
in the bottom drain and on the receiving
canisters. Cooling flow to the wvarious
sections of the melter is also monitored
for temperature and flowrate. In addi-
tion, the gross canister weight 1is con-
tinually recorded for monitoring the glass
production rates.

FEED SYSTEMS

Because of the different operating modes
of this melter, both Tiquid and powdered
feeding, two feed systems are required.
Simulated Tiquid waste 1is metered by an
air 1ift from a head tank pot up to an air
1liquid disengagement chamber. From that
chamber, the 1liquid flows by gravity to
the melter, as shown in Figure 12. This
system is used to demonstrate the use of
an airlift for metering liquid waste with
slurried glass formers. During calcine
feeding, solids are fed through a volume-
tric feeder through a central flange in
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Qry. 4

COVER
HEATERS
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FREEZE VALVE HEATERS
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FIGURE 11. Auxiliary Heating Systems
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the cover plate of the melter. During the
early tests with the LFCM, solids were in-
troduced near the rear wall of the melter
and were distributed over the entire sur-
face with a batch distributor. The batch
distributor consisted of a motor-driven
shaft with a sweeping arm. The arm dis-
tributed the batch more evenly over the
surface of the melt. This process was
eliminated to reduce the amount of moving
parts on the calcine-fed system.

OFF-GAS SYSTEM
The gases generated from the vitrifica-

tion process first pass through a HEPA
filter for particulate removal and mea-

DRAIN
TO SUMP

~350 LITER
TANK

12

Liquid Feed System

surement, then travel through a condenser,
venturi scrubber, and packed-column scrub-
ber for removal of nitrates and other ef-

fluents. The noncondensibles are then ex-
hausted through a blower to the atmos-
phere. Figure 13 shows the off-gas system

used for the LFCM and other existing
process equipment. Vacuum in the melter
is controlled by a valve upstream from the
off-gas blower. The melter is also
provided with an auxiliary off-gas system
which consists of two venturi scrubbers in
series followed by a condenser. The mel-
ter can also be vented to a process
off-gas system, which would handle the
load in the event of the primary vacuum
system failure.
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CONCLUSIONS

In order to solidify high-level nuclear wastes into a glass product, process equipment
must be designed to be long-lived, remotely operable, and reliable. The Tiquid-fed ceramic
melter described here meets such requirements for continuous melters. Refractories,
electrodes, and other LFCM materials are long-lived; the melter has already been up to
operating temperature for more than a year and a half, with a Tonger life expected. Glass
production can be remotely controlled through a tilting cradle arrangement. The LFCM has
also proven to be very reliable. Its design has allowed short- and long-term testing with
both powder and liquid feeds. These tests have added to our understanding of the nuclear
waste vitrification process using continuous melters. Results of these tests will be
explained in upcoming PNL reports.
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