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(57) Abrége/Abstract:
Apparatus (10) and a method for vitrifying hazardous waste Iincludes a melting vessel (12) in which a stirrer (38) mixes

hazardous waste and any other necessary components for forming a glassy mixture upon heating while an electrical current is
applied across the melting vessel and the stirrer to provide electrical current flow, and a metallic containment vessel (46) of the

apparatus receives the melting vessel so as to receive and contain any material that exits the melting vessel upon failure. Any
fallure of the melting vessel (12) Is detected by a sensor (48). The containment vessel (46) Is preferably hermetically sealed
around the melting vessel (12) to contain gases as well as any melted material received from the failled melting vessel (12). The
sensing of the failure can be either by a pressure change in the hermetically sealed chamber (58) or by sensing of the presence
of material received by the containment vessel (46) from the failled melting vessel (12) such as by an electrical circuit type

detection.
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(57) Abstract

Apparatus (10) and a method
for vitrifying hazardous waste
includes a melting vessel (12)
in which a stirrer (38) mixes
hazardous waste and any other

pressure change in the hermetically
sealed chamber (58) or by sensing
of the presence of material received
by the containment vessel (46)
from the failed melting vessel (12)
such as by an electrical circuit type
detection.

(54) Title: APPARATUS AND METHOD FOR VITRIFYING HAZARDOUS WASTE
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APPARATUS8 AND METHOD FOR
VITRIFYING HAZARDOUS WASTE

IECHNICAL FIELD

This invention relates to apparatus and a

‘method for vitrifying hazardous waste.

: y
i
)

- '.

Vitrification of waste materials has
previously been accomplished in ceramic 1ined melting
vessels that are capable of being heated to relatively
high temperatures such as on the order of about 1500°C
to 1600°C. Such heating as disclosed by United States
Patent 4,820,328 Roberts et al can be utilized to
vitrify waste asbestos by a high temperature melting
process, Furthermore, as disclosed by United States
Patent 5,100,453 Richards such high temperature melting
can be utilized to recycle glass fibers such as of the
type utilized for building insulation. Likewise,
incinerator fly ash can also be vitrified by such high
temperature melting in a ceramic melting vessel. During
such processing, the waste and any other necessary
components to form a glassy material upon heating are
introduced into the ceramic melting vessel, and the
melted material permeates into seams or any cracks in
the ceramic melting vessel sufficiently to cool and
thereby seal the vessel so that there is no leakage.

Vitrification of hazardous waste at a lower
temperature such as on the order of about 1000 to 1100°C
has also previously been done by heating in a metallic
melting vessel in which a stirrer or mnixer jis also
provided with an electrical current being passed through
the melted material between the metallic melting vessel
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and the stirrer which act as electrodes across which an
electrical potential i1s applied. It is believed that
this type of heating provides superior results due to
the direct generation of heat within the melted material
by the passage of electric current uniformly through the

melt between the stirrer and the melting vessel. When

hazardous waste such as nuclear waste or heavy metals
etc. is vitrified by this type of heating, the resultant
melted mixture can be delivered into a container for
storage upon cooling. However, the metallic melting
vessel can fail during use and, in such case, hazardous
waste in the melting vessel can contaminate the facility
in which the processing is being performed. Such
contamination can be a particular problem when nuclear
waste processing is involved.

CLOS QF EN

Objects of the present invention are to
provide improved apparatus and a method for vitrifying
hazardous waste in a manner that provides conta}.nment of
the waste in case of failure of the melting vessel in
which the hazardous waste is heated for the

vitrification.

In carrying out the above objects, apparatus
for vitrifying hazardous waste in accordance with the
present invention includes a metallic melting vessel for
receiving hazardous waste and any other necessary
components for forming a glassy material upon heating.
A stirrer of the apparatus provides mixing of molten
material in the melting vessel and an electrical voltage
is applied across the melting vessel and the stirrer to
provide electrical current flow through the molten
material for heating thereof during the mixing. The
apparatus also includes a metallic containment vessel in
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which the melting vessel is located so the containment
vessel upon failure of the melting vessel receives and
contains any material that exits the failed melting
vessel. A sensor’of the apparatus is also provided for
detecting the failure of the melting vessel.

In the preferred construction of the
apparatus, the containment'vessel}igIhermetically'sealed
around the melting vessel to form an enclosed chamber
that contains gases as well as any other material that
exits the failed melting vessel.

Different embodiments of the sensor are
disclosed. In one embodiment, +the sensor is
communicated with the hermetically sealed chanber
between the melting vessel and the containment vessel to
detect a change in pressure within the hermetically
sealed chamber when the melting vessel fails to thereby
detect such failure. In other embodiments, the sensor
for detecting failure of the melting vessel senses the
presence of material received by the containment vessel
from the failed melting vessel and preferably includes
an electrical circuit that detects the presence of
material received by the containment vessel from the
failed melting vessel. In one embodiment, the
electrical circuit of the sensor includes a pair of
electrical probes that are located between the melting
and containment vessels and are normally electrically
isolated from each other until material received by the
containment vessel from the failed melting vessel
electrically connects the probes to each other. In
another embodiment, the electrical circuit includes a
flow path that 1s located between the melting and
containment vessels and that is normally closed but is
opened by the presence of material received by the
containment vessel from the failed melting vessel.
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In the preferred construction, the apparatus
also includes another sensor for sensing failure of the
melting vessel so as to provide a fail-safe detection of
the melting vessel failure. Thus, there is a pair of

5 sensors for detecting the failure of the melting vessel,
. and each sensor 1is preferably either a sensor that is
communicated with the hermetically sealed chamber
between the melting vessel and the containment vessel to
sense a change in pressure when the melting vessel
10 fails, or a sensor including an electrical circuit that
senses the presence of material received within the
containment vessel from the failed melting vessel.

In carrying out the objects of the invention,

the method for vitrifying hazardous waste is performed

15 by introducing hazardous waste and any other necessary

components for forming a glassy material upon heating

into a metallic melting vessel. Mixing of molten

material within the melting vessel is performed by a

stirrer while passing an electrical current between the

20 melting vessel and the stirrer. The melting vessel is

alsc located within a metallic containment vessel so as

to contain any material that exits the melting vessel

upon failure of the mnelting vessel. Sensing for a

failure of the melting vessel is also performed to

25 provide an indication that the processing should be

terminated so that the hazardous waste does not

contaminate the facility in which the processing is
being performed.

In one preferred practice of the method, the

30 sensing for fallure of the melting vessel is performed

by detecting a change in pressure of the hermetically

sealed chamber between the melting and the containment
vessels.
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In another preferred practice of the method,
the sensing for failure of the melting vessel is
performed by detecting the presence of material received
within the containment vessel from the failed melting
vessel. The presence of material received within the

~containment vessel from the failed melting vessel is

disclosed as being detected by an electrical circuit.

The most preferred practice of the method
utilizes a pair of sensors to detect failure of the
melting vessel so that this detection is performed in a
fail-safe manner.

The objects, features and advantages of the
present invention are readily apparent from the
following detailed description of the best modes for
carrying out the invention when taken in connection with
the accompanying drawings.

BRLIEF DESCRIPTION OF DRAWINGS

FIGURE 1 is an elevational view taken in
section through apparatus constructed in accordance with
the present invention to provide the method thereof for
vitrifying hazardous waste;

FIGURE 2 is a view that illustrates a pressure
sensor for detecting failure of a melting vessel of the
apparatus;

FIGURE 3 is a view that illustrates a normally
open electrical circuit sensor for sensing the failure
cf the melting vessel; and
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FIGURE 4 is a view that illustrates a normally
closed electrical circuit sensor for sensing the failure

of the melting vessel.

MOD OR CARRY QU NVENTIC

With reference to FIG. 1, apparatus 10
constructed Iin accordance with the present invention
performs the method thereof for vitrifying hazardous
waste such as nuclear waste, heavy metals etc. This
apparatus includes a metallic melting vessel 12 having
an inlet 14 for receiving hazardous waste and any other
necessary components for forming a glassy material upon
heating as is hereinafter more fully described. The
melting vessel 12 also has a gas outlet 16 through which
gases generated by the processing can flow ocutwardly for
any necessary treatment prior to being released to the
atmosphere. Molten material 18 within the vessel 12 is
delivered through an outlet 20 with a lower entry end 22
and an upper outer exit end 24 with a construction that
functions like a teapot spout. Outlet 20 which has a
tubular construction outwardly of the melting vessel 12
extends through a suitable heating insulation 26 secured
by an outer shell 28, and the outlet 20 is also
surrounded by a heater 30 to maintain the material
molten until it is delivered to a suitable container for
cooling and consequent solidification. Likewise, a
lower drain 32 of a metallic tubular construction
extends through the insulation 26 and is surrounded by
an associated heater 34 with its outer end closed by a
water cooled plug 36 that can be removed to permit
drainage of the melting vessel 12 when necessary.

A stirrer 38 of the apparatus is electrically

conductive such as by being made of metal and is rotated
as shown by arrow 40 to mix the molten material as an
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electrical voltage is applied across the melting vessel
12 and the stirrer as shown by the electrical potentials
42 .and 44. This electrical potential provides an
electrical current flow through the molten material 18
for heating thereof during the mixing by the stirrer 3s.

An alternating current functions best in that it

prevents plating of components on the stirrer 38 or the
melting vessel 12. In order to commence the current
flow, it is necessary to lower the impeller 38 to close
proximity with the melting vessel floor and to introduce
a preliminary amount of solid materials through the
inlet 14 to cover the impeller. Auxiliary electrical
resistance heaters 45 within the insulation 26 provide
sufficient heat to the so0lid material to bring it to a
molten state capable of conducting electric current
between the impeller and the melting vessel. Following
the start of electric melting via current flow between
the impeller and vessel, additional solid material is
fed to the vessel as the impeller is raised to its
operating height as shown in FIG. 1.

A metallic containment vessel 46 of the
apparatus 10 shown in FIG. 1 is 1located around the
melting vessel 12 so the containment vessel upon failure
of the melting vessel receives and contains any material
that exits the failed melting vessel. Thus, any
hazardous waste component of material that exits the
failed melting vessel 12 will not contaminate the
facility in which the apparatus 10 is locategd but,
rather will be contained within the containment vessel
46 which can then be properly processed during a clean-
up operation. Furthermore, apparatus 10 also includes
at least one sensor 48 for detecting failure of the
melting vessel as is hereinafter more fully described.
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With continuing reference to FIG. 1, it will
be noted that both the metallic melting vessel 12 and
metallic containment vessel 46 are respectively made
from metal plates 50 and 51 that are secured by welds 52
with these two vessels essentially being unitized with

each other after completion of the assembly. Lower

supports 54 provide the necessary support between the
floor plates 50 and 51 while a support rod 56 extends
downwardly from the containment vessel floor plate 50
through the insulation 26 to provide support for the
unitized melting and containment vessels 12 and 46.
Sulitable unshown supports between the sidewall plates 50
and 51 of the melting and containment vessel 12 and 46
are also provided and 1like all of the plates and
supports are secured by associated welds.

The metal plates 50 and 51 are made from high
temperature resistant metal alloys such as alloys of
nickel and chromium. Specific alloys that can be used
are sold by Inco Alloys International, Inc. of
Huntington, West Virginia, United States of America
under the trademark INCONEL. One such alloy is
designated INCONEL 601 and has a composition in parts by
weight of: Aluminum - 1 part, chromium - 23 parts, iron
- 14 parts, and nickel - 61 parts. Another such alloy
is designated INCONEL 690 and has a composition in parts
by weight of: chromium - 29 parts, iron - 9 parts, and
nickel - 62 parts.

With continuing reference to FIG. 1, the
containment vessel 46 is preferably hermetically sealed
around the melting vessel 12 to form an enclosed chamber
58. Such an enclosed chamber is preferable to having an
open space between the two vessels since any gas that
exits the failed melting vessel 12 will then also be
contained within the containment vessel 46 which would
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not be the case if the vessels are not hermetically

sealed.

With additional reference to FIG. 2, One
embodiment of the sensor 48a is illustrated as having a

conduit 60 communicated with the hermetically sealed

Chamber 58 between the melting vessel 12 ang the
containment vessel 46 to detect a{ change in pressure
within the hermetically sealed chamber when the melting
vessel fails to thereby detect such failure. More
specifically, the sensor 48a has a pressure gauge 62
which can detect the pressure change when there is a
failure such as illustrated at 64 between the floor and
side wall plates 50 of the melting vessel 12. Such
pressure change may be an increase in pressure if a
vacuum is initially drawn in the chamber 58 or may also
be a decrease in pressure if the chamber is initially
pressurized.

With reference to FIGS. 3 and 4, two further
embodiments 48b and 48c of the sensor are consti'ucted to
detect failure of the melting vessel 12 by sensing the
presence of material 18 received by the containment
vessel 46 from the failed melting vessel 12. Each of
the sensors 48b and 48c includes an electric circuit 66
that detects the presence of material received by the
containment vessel 46 from the failed melting vessel 12.

In the embodiment of the sensor 48b shown in
FIG. 3, the electrical circuit 66 includes a pair of
electrical probes 68 that are located between the
melting and containment vessels 12 and 46 and are
normally electrically isolated from each other with
thelr lower ends suspended just above the containment
vessel floor plate 51 in a spaced relationship thereto
and with respect to each other. Material 18 received

CEETTEE SEPTSSEL. GEPTEEEE GEEEEEE G 0 GEEae GEe g P
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from the melting vessel 12,£ﬁcn failure thereof such as
through the failure 64'iﬁgzcated electrically connects
the lower ends of the probe 68 to conplete the
electrical circuit 66 and thereby provide an indication

of the failure.

With reference to FIG. 4, the embodiment of
the sensor 48c has the electrical circuit 66 thereof
located between the melting and containment vessels 12
and 46 and having a meltable fuse 70 extending between
the lower ends of the probes 68. When the material 18
is received from the failed melting vessel 12 such as
through the failure 64 shown, the fuse 70 is melted to
open the circuit 66 as the probes 68 then become
electrically isolated from each other as compared to
being electrically connected when the fuse is in place
for the relative level of electric potential between the

electrical probes.

In the preferred construction of the apparatus
10 shown in FIG. 1, there are at least two of the
sensors for sensing the failure of the melting vessel
12. These sensors are most preferably of the type
1llustrated in FIGS. 2, 3 and 4. More specifically, as
1llustrated, there are two of the sensors 48 having the
electrical circuit 66 and are located at opposite sides
of the unitized melting and containment vessels 12 ang
46. Suitable openings may be provided in the floor
supports 54 so that the material received can flow back
and forth so that failure at any part of the melting
vessel 12 will activate these material presence sensing
type sensors. Furthermore, the apparatus 10 isg
illustrated as having the pressure sensor 48 at its
upper left side as well as the other two sensors.
Suitable openings can also be provided in the unshown
supports between the side wall plates 50 and 51 as well
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as in the floor supports 54 so that the entire extent of
the hermetically sealed chamber 58 is communicated with
the pressure sensor 48a for its operation when this type
of sensor is used.

The hazardous waste vitrifying method of the
invention is performed by introducing the hazardous
waste and any other necessary components for forming a
glassy material upon heating through the inlet 14 into
the metallic melting vessel 12. Mixing of the molten
material 18 within the melting vessel 12 is performed by
the stirrer 38 while an electrical current is passed
between the melting vessel and the stirrer. Locating
the melting vessel 12 within the metallic containment
vessel 46 contains any material that exits the melting
vessel upon failure of the melting vessel and the
sensing of this failure by at least one of the sensors
48 provides the indication that the processing should be
terminated.

As discussed above, the sensing *for the
failure of the melting vessel 12 can be performed by
detecting a change in the pressure of the hermetically
gsealed chamber 58 between the melting and containment
vessels 12 and 46 and can also be performed by detecting
the presence of material received within the containment
vessel from the failed melting vessel, with this latter
type o©of detection preferably being performed by an
electrical circuit. Furthermore, as Previously
mentioned, the method is most preferably performed by
utilizing a pair of the sensors to detect failure of the
melting vessel 12 in a fail-safe manner.

While the best modes for practicing the
invention have been described in detail, those familiar
with the art to which this invention relates will
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recognize various alternative designs and embodiments

for practicing the invention as defined by the following
claims. s
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WHAT I8 CLAIMED IS8:

1. Apparatus for vitrifying hazardous waste,
comprising:

a mnetallic melting vessel for receiving
hazardous waste and any other necessary components for
forming a glassy material upon heating;

a stirrer for mixing molten material in the
melting vessel as an electrical voltage is applied
across the melt:l.ng vessel and the stirrer to provide
electrical current flow through the molten material for
heating thereof during the mixing;

a metallic containment vessel in which the
melting vessel is located so the containment vessel upon
failure of the melting vessel receives and contains any
material that exits the failed melting vessel; and

& sensor for detecting failure of the melting
vegsel.,

2. Apparatus for vitrifying hazardouS'waste
as 1in claim 1 wherein the containment vessel is
hermetically sealed around the melting vessel to form an
enclosed chamber.

3. Apparatus for vitrifying hazardous waste
as in claim 2 wherein the sensor is communicated with
the hermetically sealed chamber between the melting
vessel and the containment vessel to detect a change in
pressurewwithin.thejhermetically'sealed.chamber“when.the
melting vessel fails to thereby detect such failure.

4. Apparatus for vitrifying hazardous waste
ag in claim 1 wherein the sensor for detecting failure
of the melting vessel senses the presence of material
received by the containment vessel fronm the failed

melting vessel.
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5. Apparatus for vitrifying hazardous waste
as in claim 4 wherein the sensor includes an electrical
circuit that detects the presence of material received
by the containment vessel from the failed melting

vessel.

6. Apparatus for vitrifying hazardous waste
as in claim 5 wherein the electrical circuit of the
sensor includes a pair of electrical probes that are
located between the melting and containment vessels and
are normally electrically isolated from each other until
nmaterial received by the containment vessel from the
failed melting vessel electrically connects the probes

to each other.

7. Apparatus for vitrifying hazardous waste
as in claim 5 wherein the electrical circuit of the
sensor includes a flow path that is located between the
melting and containment vessels and that is normally
Closed but is opened by the presence of material
received by the containment vessel from the failed
melting vessel.

8. Apparatus as in claim 1 further including
another sensor for sensing failure of the melting
vessel.

9. Apparatus for vitrifying hazardous waste
material as in claim 8 wherein the sensors for detecting
a failure of the melting vessel are each selected from
the group consisting of: a sensor that is communicated
with a hermetically sealed chamber between the melting
vessel and the containment vessel to sense a change in
bressure when the melting vessel fails, and a sensor
including an electrical circuit that senses the presence
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of material received within the containment vessel from
the failed melting vessel.

10. A method for vitrifying hazardous waste
comprising:

introducing the hazardous waste and any other
necessary components for forming a glassy material upon
heating into a metallic melting vessel;

mixing molten material within the melting
vessel by a stirrer while passing an electrical current
between the melting vessel and the stirrer;

locating the melting vessel within a metallic
containment vessel so as to contain any material that
exits the melting vessel upon failure of the melting

vessel; and
sensing for a failure of the melting vessel.

11. A method for vitrifying hazardous waste
as in claim 10 wherein the sensing for failure of the
melting vessel is performed by detecting a change in
pressure of a hermetically sealed chamber between the
melting and containment vesseils.

12. A method for vitrifying hazardous waste
as in claim 10 wherein the sensing for failure of the
melting'vessel.is,performed.by=detecting'the,presence of
material.received‘withinpthencontainment.vessel from the
failed melting vessel.

13. A method for vitrifying hazardous waste
as in claim 12 wherein the presence of material received
within the containment vessel from the failed melting
vessel is detected by an electrical circuit.
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14. A method for vitrifying hazardous waste
as in claim 10 wherein a pair of sensors are utilized to
detect failure of the melting vessel.
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