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FEED MATERIAL COMPOSTION AND HANDLING IN A CHANNEL INDUCTION
FURNACE

Technical Field

The present invention relates to the methods for processing various materials to retain
one or more product(s) from such materials. More particularly, the present invention relates to a
manner of operating an induction furnace during the processing of various materials, including

metal and non-metal wastes and the composition and handling of various feed materials.

Background Art

There are many waste materials that are generated during the production of steel and in
other manufacturing processes. During the production of steel, electric arc furnace (EAF) dust
and basic oxygen furnace (BOF) dust/sludge are captured and collected for either disposal or
recycle.

Thé major components in these dusts are ron (up to 60 wt.%j and zinc (up to 30 wt.%),
usually in the oxide form. In addition, these dusts contain smaller quantities of calcium,
magnesium, manganese, chloride, lead, cadmium and other trace elements. The ‘steel industry
generates about 30 to 40 pounds of these types of dust for each ton of steel produced in steel
making facilities. The estimated generation of these dusts in the United States in 1997 was in

excess of one million tons with nearly half of it being disposed in landfills.
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EAF dustisa l?sted hazardous waste (K061) under United States environmental
regulations. Under this regulatory program, EAF dust is subject to specific record keeping,
handling requirements and processing costs when it is recycled or disposed of. BOF sludge/dust
is not a listed hazardous waste, but the lack of adequate reuse options results in a large quantity
of this material being disposed of in landfills. |

Both EAF dust and BOF siudge/dust contain significant quantities of iron that make these
materials valuable for use directly in steel making processes as a substitute for other iron
containing materials such as scrap steel, hot metal, sinter dust, and other iron oxides present at
steel making facilities. In addition, EAF dust also contains significant quantities of zinc which
makes it valuable as a feed for zinc manufacturing processes. BOF sludge/dust contains smaller
(juantities of zinc, but the zinc present can be recovered for reuse as a zinc product.

Present methods for handling EAF dust include processing it in Waelz kilns, rotary hearth
furnaces, and flame reactor processes to recover zinc. EAF dust is also subject to stabilization
processes followed by landfill disposal. A small quantity of BOF sludge/dust is returned to the
BOF steel making process in some locations and some is recycled in other manners, but a large
volume is disposed as a waste material in landfills.

Generally, it can be economical to subject EAF dust having a high zinc content to
existing zinc recovery procedures, and send EAF dust having a low zinc content to landfills for
disposal as a waste. Since hot metal is the only energy source in BOF facilities, only a limited
quantity (approximately 20% of the total steel production rate) of scrap and other solid feed
materials that require energy for their use in the BOF process can be added to the charge mix.
This limits the quantity of BOF sludge/dust that can be returned to the BOF steel making

process. As aresult some portion of the BOF sludge/dust is usually sent to landfills for disposal.
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Other process methods for recovering zinc and/or iron from EAF dust and BOF
sludge/dust have been attempted 'with limited success. Such processes include thermal
processes, hydrometallurgical processes or combinations thereof. In most cases, these processes
were not successful because they are expensive to build, expensive to operate and/or they cannot
be used to process all of the EAF dust and BOF gludge/dust material, so that waste material
remains that still must be disposed of in landfills.

In addition, any processes that treat EAF dust are subject to significant environmental
regulatory requirements under the Resource Conservation and Recovery Act ("RCRA"). This is
due to the fact that current processes have been specifically developed for the sole purpose of
processing EAF dust as a hazardous waste. To date, those in the steel industry view EAF dust as
a listed hazardoﬁs waste, and accordingly logically conclude that using EAF dust as aﬁy type of
feed or reactant will necessarily result in the formation, generation or preservation of a hazardous
material.

Southwick, “Recovery of Iron and Zinc From Steel Mill Wastes,” a presentation from a
Conference Organized by Gorham/Inertech in Pittsburgh. Pa on May 17-19, 1999 provides a
summary of various processes proposed to recover iron and zinc from mill wastes. In addition,
U.S. Patent Nos. 4,605,435, 5,013,532, 5,082,493, 5,435,835, 5,439,505, 5,493,580, 5,538,532,
5,667,553, 5,879,617, 5,993,512, 6,102,982, 6,120,577, and 6,221,124 are directed to various
methods and apparatus for processing EAF dust.

U.S. Patent No. 6,136,059 to Zoppi discioses the use of an induction furnace for the sole
purpose of processing EAF dust. That is, the only feed into the induction furnace after providing
a “hegl” for the required oxidation and reduction reactions is a half charge of cast iron which is

not replenished, but rather to which pellets of EAF dust is added together with coal and small
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amounts of slagging agents. Zoppi mentions that induction furnaces of the prior art are generally
only used as a smelting means in secondary steel and non-ferrous metals processing.

U. S. Patent No. 6,831,939 to Bratina and Fehsenfeld discloses an expansion of the Zoppi
patent that involves operating an induction furnace to both produce hot metal and a pig iron
product and to process iron and volatile metal containing materials to recover iron value and
concentrate metals which are volatile at the operating temperature of the induction furnace. The
process relies upon mixing feeding both metal oxides and reduction material into the induction
furnace. The efficiency of the process is limited by the induction furnace that is used.

Other patents that discuss the use of induction furnaces in smelting processes that involve
steel processing dust include U.S. Patent Nos. 5,980,606, 5,304,230, 5,249,198, 5,188,658,
4,878,944, 4,802,919, 4,762,554, 4,612,041, and 4,403,327.

U.S. Patent Application Publication No. 2007/0062330 to Bratina et al. is directed to
methods and processes of configuring and operating an induction furnace to process waste
materials while producing metal products and recovering iron and volatile metals in a manner
that is energy efficient and pfovides improved separation of volatile metals and improved control
of slag viscosity. The complete disclosure of U.S. Patent Application Publication No.
2007/0062330 to Bratina et al. is hereby expressly incorporated by reference.

U.S. Patent Application Publication No. 2007/0157761 to Bratina is directed to a method
for the production of an iron product from ore containing iron which involves the use of an
induction furnace. The complete disclosure of U.S. Patent Application Publication No.
2007/0157761 to Bratina et al. 1s hereby expressly incorporated by reference.

The present invention is based upon tests that were conducted using a channel induction

furnace similar to that disclosed in U.S. Patent Application Publication No. 2007/0062330 to

4
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Bratina et al. During the course of such tests a number of new unexpected discoveries were
realized. The present invention is directed to a manner of operating an induction furnace during

the processing of various waste materials, including metal and non-metal wastes.

Disclosure of the Invention

According to various features, characteristics and embodiments of the presént invention
which will become apparent as the description thereof proceeds, the present invention provides a
method of processing at least one of a molten metal product, a vapor phase metal product and a
slag product from at least one waste material which comprises:

providing a channel induction furnace having a headspace and containing a molten metal
bath;

feeding at least one waste material into a channel induction furnace; and

allowing the at least one waste material to react in the channel induction furnace to
produce at least one of a molten metal product that passes into the molten metal bath, a vapor
phase metal product that passes into the headspace of the channel induction furnace and a slag
product that floats as a layer on the molten metal bath,

wherein the step of feeding at least one waste material into the channel induction furnace
comprises feeding discrete masses or volumes of waste material into the channel induction
furnace in a manner that avoids the formation of islands of waste material in or on the slag layer.

The present invention further provides a method of processing at least one of a molten
metal product, a vapor phase metal product and a slag product from at least one waste material

which comprises:
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providing a channel inductior; furnace having a headspace and containing a molten metal
bath;

feeding at least one waste material into a channel induction furnace; and

allowing the at least one waste material to react in the channel induction furnace to
produce at least one of a molten metal product that passes into the molten metal bath, a vapor
phase metal product that passes into the headspace of the channel induction furnace and a slag
product that floats as a layer on the molten metal bath,

wherein islands of waste material that are formed in or on the slag layer are mechanically
or manually broken up. |

The present invention further provides a method of processing at least one of a molten
metal product, a vapor phase metal product and a slag product from at least one waste material
which comprises: |

providing a channel induction furnace having a headspace and containing a molten metal
bath,;

feeding at least one waste material into a channel induction furnace; and

allowing the at least one waste material to react in the channel induction furnace to
produce at least one of a molten metal product that passes into the molten metal bath, a vapor
phase metal product that passes into the headspace of the channel induction furnace and a slag
product that floats as a layer on the molten metal bath,

wherein the at least one waste material is screened to remove fines before being fed into

the channel induction furnace.

Brief Description of Drawings
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The present invention will be described with reference to the attached drawings which are
given as non-limiting examples only, in which:

Figure 1 depicts a prior art system that uses an induction furnace to both produce hot
metal (or pig iron) and to recover iron value from iron and volatile metal containing materials,
including EAF dust while concentrating volatile metals such as zinc, lead, cadmium, etc.

Figure 2 is a front view of a channel induction furnace used according to one
embodiment of the present invention.

Figure 3 1s a top view of the channel induction furnace of Fig. 2.

Figure 4 is a side view of the channel induction furnace of Fig. 2.

Figure 5 is a schematic drawing of the channel induction furnace of Figs. 2-4 which is
provided to illustrate how the process of the present invention works accofding to one
embodiment.

Figure 6 1s a schematic illustration of how feed materials react in the channel induction

furnace according to the present invention

Best Mode for Carrying out the Invention

¢

The present invention is generally directed to methods and apparatus that involve the use
of an induction furnace for processing various metal and/or non-metal waste materials while
producing one or more products. Reference herein to waste and waste materials is not intencied
to limit the present invention which is capable of processing a variety of materials that contain

various volatile metals, non-volatile metals, and non-metal components, including, ores, scrap
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materials, stock materials, machining wastes, industrial wastes, etc. The present invention
involves a method of configuring and operating an induction furnace for the processing various
metal and/or non-metal waste materials and producing one or more products in a manner that is
energy efficient and provides improved separation of components from the metal and non-metal
waste materials. According to the present invention, the waste materials can be added as various
feed streams into the induction furnace. Waste materials that can be processed according to the
present invention are exemplified by thosg listed in Table 1 below.

The configuration of the induction furnace used according to the present invention allows
for: 1) controlling the gas temperature in the headspace of the furnace by controlling the flow of
excess air into the furnace; 2) controlling the combustion of carbon monoxide in the gas
headspace to provide additional heat in the headspace while allowing the gas headspace to
remain in a reducing state to prévent volatile metals such as zinc from being oxidized; 3)
controlling the chemistry of slag formed in the process with additions of slagging agents (which
can be waste materials) to product a fluid slag material that can be easily removed from the
furnace and used as a slag conditioner for the steel making industry, an aggregate for forming
pavemenfs, a construction article such as pavers or blocks, etc.; 4) providing a feed location at
the opposite end of the gas and slag removal locations to allow for a plug flow type reactor that
provides an extended reaction time for the process, allowing for more complete separation of the
various feed materials in the process; and 5) providing a channel type induction furnace that
allows a more energy efficient furnace to be used with thicker refractory sections that both
reduce the heat loss from the process and allow for longer periods of operation between the

replacement of refractory lining material.
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The improved energy and separation efficiency of the present invention serves to provide
for a system that will be capable of processing a wide variety of feed materials, including waste
materials, in a more cost effective manner than previous processes.

The apparatus used for the present invention includes a channel type induction furnace as
its main component that has an inductor at the bottom or other suitable lower portion of the
furnace body. This feature allows the furnace to be designed in a more energy efficient manner
by incorporating a thicker layer of refractory in the main body (drum portion) of the furnace.
This thicker refractbr also provides for longer period of time between the need for refractory
replacement. While the use of an induction furnace of this type is not unique per se, the use of
such an induction furnace for processing various metal and non-metal materials and producing
one or more products according to the present invention is unique as evidenced by the specific
features and operating methods described herein.

The use of a channel type induction furnace also allows additional improvements to be
made in the form of energy efficiency. The body of the furnace is a horizontal drum that can be
enclosed to thereby allow the flow of air into the process to be restricted and controlled. The
restriction of air flow into the drum limits the quantity of air that is heated in the furnace and
removed by the gas control system on the furnace, thus reducing the heat lose to the air that is
normal for typical induction furnace operation. The amount of air that enters the furnace can be
Acontrolled so as to burn a portion of the carbon monoxide generated by feed materials added into
fhe furnace and/or to’combust materials such as organic materials or components. The burning
of carbon monoxide in the headspace of the furnace and/or organics can provide additional heat
in the gas headspace of the furnace thereby allowing the furnace to- operate with a higher

temperature in the headspaced than is normal for operation. The high temperature of the gas
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headspace achieved by the process of the present invention, which can range from about 1,300
°C to about 1,500 °C, eliminates or greatly reduces heat loss from the surface of the furnace bath
and thereby allows the slag on the surface of the bath to be maintained at a higher temperature.

The flow of air into the furnace can also be controlled as desired to limit the air to a level
at which carbon monoxide formed as a result of the metal oxidation reduction process in the
system will not be completely oxidized. By keeping excess carbon monoxide in the gas
headspace of the furnace the system will be operated in a reducing mode until the gases exit the
furnace. When operating in the redﬁcing mode volatile metals released from the feed matenals,

. such as zinc, lead and cadmium (in the vapor form), are prevented from being oxidized in the
furnace before they are removed. This manner of operating limits oxidized volatile metals from
being deposited in the slag leaving the furnace. As aresult, a cleaner slag is maintained during
the process.

In addition to maintaining a cleaner slag, the present invention pfovides for the ability to
make a higher quality fluid slag that is easier to remove from the induction furnace process. This
is accomplished in at least three ways. First, as discussed above, the air flow into the furnace caﬁ
be controlled according to the present invention to produce a higher temperature gas headspace.
This higher temperature in the gas headspace heats up the upper surface of the slag. The higher
temperature in the gas headspace, which is not provided by typical operation of an induction
furnace, prevents and can actually reverse normal loss of heat from the slag surface thereby, in
either event, providing a higher temperature for the slag layer. As a fesult, the fluidity of the slag
is increased as compared to the manner in which an induction furnace is typically operated.

According to the present invention, the chemistry of the slag layer can be adjusted to

provide a more fluid slag and to provide a slag product that has various uses such as a slag

-10-
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conditioner for the steel making industry, an aggregate for forming pavements, a construction
article such as pavers or blocks, etc. This is accomplished by adding silica, lime or some other
material or known slagging agent to improve the fluidity and quality of the slag.

The induction furnace used according to the present invention is provided with a feed at
one end of the furnace and slag/gas removal at the opposite end. This arrangement provides a
reaction zone that provides an increase process retention time. This increase in retention time is
provided by plug flow movement of the slag on the surface of the iron bath from the feed point
to the slag discharge point. The retention time provides more time for volatile metals té react
and leave the slag surface before the slag is removed from the furnace. The removed slag
therefore has a lower concentration of volatile metals and the proper chemistry for value as an
aggregate for road construction applications.

The present invention will be discussed with reference to Figs. 1 - 5 in which common
reference numerals have been used to identify similar or common elements where possible to -
avoid having to repeat descriptions of such similar or common elements.

Figure 1 depicts a prior art system that uses an induction fmﬁace to both produce hot
metal (or pig iron) and to recover iron value from iron and volatile metal containing materials,
including EAF dust while concentrating volatile metals such as zinc, lead, cadmium, etc. The
system depicted in Fig. 1 includes a channel induction furnace 1 inside of which a charge 2 of
molten material such as molten iron is depicted as only partially filling the induction furnace 1.
The portion or area of charge 2 at and near the upper surface of the charge 2 is relatively calm
due to the use of an induction furnace which includes an inductor located at or near the bottom of
the furnace through which movement of the molten bath is limited so as not to create turbulent

conditions at or near the surface of the charge 2. The portion or area of charge 2 at and near the

11-
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upper surface of the charge 2 can thus be controlled to flow or move through the induction
furnace by adding feed materials through an inlet on one side or end of the furnace and removing
slag through an outlet on an opposite side or end of the furnace. This manner of feeding
materials into the furnace and removing slag from the furnace allows for a plug flow type reactor
that provides an extended reaction time for the process as mentioned above. As shown the
channel induction furnace 1 is coupled to a hood 3 through which gases and vapors in the
headspace of the channel induction furnace 1 are removed. Thg hood 3 can be coupled by an air
passage 4 to a cyclone 5 in which the coarsest and heaviest components ére removed and
collected at 6. Complete dust removal takes place in bag house 7 which is upstream of chimney
8. Components removed at bag house 7 are collected at 9.

Figure 2 is a front view of a channel induction furnace used according to one
embodiment of the present invention. Figure 3 is a top view of the channel induction furnace of
Fig. 3. Figure 4 is a side view of the channel induction furnace of Fig. 2. The channel induction
furnace 1 in Figs. 2-4 is configured to operate in a continuous fashion to process feed materials
while producing various products from materials fed into the furnace. It is also possible to
operate the furnace in a batch or semi-continuous batch manner. In addition, the channel
induction furnace 1 is configured to remove slag in a continuous manner and is configured to
have a gas outlet 10 that can be coupled to a hood 4 shown in Fig. 1. It is also possible to
remove the slag in a batch or semi-continuous batch manner.

The channel induction furnace 1 generally includes a drum- or cylindrical-shaped
chamber 11 that is surrounded and defined by a refractory material 12 that is provided as a liner.
The use and installation of such refractory liners in channel induction furnaces is known as are

the refractory materials themselves. An inductor 13 of conventional design is pfovided at a

-12-
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bottom portion of the drum-shaped chamber 11 and used to maint?in the molten bath in the
channel induction furnace 1. It is also possible to use the inductor 13 to form an initial molten
bath in the channel induction furnace 1, however, it ié generally more efficient to form the initial
molten bath in some other manner and use the inductor 13 to maintain the molten bath.

At the top of the channel induction furnace 1 an inlet 14 for feeding materials into the
channel induction furnace 1 is provided near one side or end and an outlet 10 for removal of
gases 1s provided at an opposite side or end as shown. The channel induction furnace 1 can also
be provided with an access port 15 that is generally closed during operation. The access port 15
is shown as being centrally located at the top of the channel induction furnace 1.

A slag discharge 16 is provided at a side or end of the channel induction furnace 1 that is
opposite of inlet 14 and at a height that is suitable for controlling a slag layer that forms on a
molten bath within the channel induction furnace 1. The slag discharge 16 comprises a trough or
channel structure that extends from the side of the channel induction furnace 1 and is in fluid
communication with the drum- or cylindrica]-shapéd chamber 11. The slag discharge 16 can be
provided with a gate or movable dam that can be used to control slag discharge.

The channel induction furnace 1 is also provided with a spout 17 in the front of the
furnace 1 through which molten metal from the molten bath can be removed from the drum- or
cylindrical-shaped chamber 11. In this regard, the channel induction furnace 1 is provided with a
mechanism generally identified by reference number 18 which is used to rotate the drum- or
cylindrical-shaped chamber 11 about its central axis in a known manner so that molten metal in
the molten bath can flow out through thé spout 17.

Figure 5 is a schematic drawing of the channel induction furnace of Figs. 2-4 which is

provided to illustrate how the process of the present invention works according to one

4
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embodiment. As shown, the inductor 13 is located at the bottom of the channel induction
furnace 1 where it is in communication with the drum- or cylindrical-shaped chamber 11
discussed above. A feed stream 19 enters the channel induction furnace 1 through inlet 1.4
provided in the top of the furnace 1 near one side or end. Slag conditioning material such as
silica, lime, etc. can also be added to the process through inlet 14 which is at the opposite side or
end of the drum- or cylindrical-shaped chamber 11 than the slag discharge 16. As the feed
materials enter the channel induction furnace through inlet 14 it falls through the gas headspace
20 onto the surface of the slag layer 21. The temperature of the feed materials increases due to
the operating temperatures-of the channel induction furnace and contact and exposure to the hot
slag, heated gas headspace and molten charge.

Metals and metal components that have a high density pass through the slag layer 21 and
into the underlying molten bath 22 in the bottom portion of the channel induction furnace 1. The
inductor 13 provides energy for the molten metal bath 22 from electrical power to keep the bath
22 at a desired operating temperature. The molten material of the bath 22 is removed from the
channel induction furnace 1 through a spout 17 at the front of the furnace 1.

Slag, which has a lower density than the liquid molten bath material will float on the
surface of the molten bath 22 and flow toward the slag discharge 16 at the opposite side or end of
the channel induction furnace 1 from the inlet 14. The slag will be kept fluid by a combinat’ion
of high temperature in the gas headspace 20 and slag conditioning additives that improve the slag
viscosity as discussed above. The slag can be removed continuously or semi-continuously as
desired by the system operation. The travel time from the addition of new feed material to the

discharge of its slag components can be adjusted by changing the depth or thickness of the slag

-14-
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layer 16 in the channel induction'fumace 1 or changing the surface area of the liquid levels in the
furnace through equipment design changes.

Gases produced from the process will be a combination of carbon monoxide, carbon
dioxide, volatile metal vapors and combustion products of organic materials, depending on what
types of materials are fed into the system. Some air can be added to the system with the feed
material stream inlet 14 and at the slag discharge 16. The oxygen in this added air can burn a
portion of the carbon monoxide within the gas headspace 20 to add additional heat to the gas
headspace 20 area. If too much air is added or allowed to enter at these or other points, all of the
carbon monoxide present in the gas headspace 20 can be burnt followed by the burning or
oxidation of a portion of any metal vapors. If such metal vapors are allowed to burn or oxidize
they will form metal oxides that could condense in the channel induction furnace 1 and intd the

“slag layer >21‘ This undesired Burning or oxidation of metal vapors would result in a lower
percentage of volatile metal recovery and an increase in unwanted materials in the slag layer.

The present invention according involves operating the system with control of the air
entering the furnace in order to provide the proper gas headspace 20 operating temperature and
limit oxygen entering the gas headspace 20. The gas stream 23 exiting the channel induction
furnace 1 can be reacted with air as it leaves the furnace 1 to oxidize any volatile metals so that
they can be collected in the manner taught by U. S. Patent No. 6,136,059 to Zoppi and U. S.
Patent No. 6,831,939 to Bratina and Fehsenfeld. These collected volatile metal materials can be
subsequently processed to recover the volatile metals according to conventional processes.

In operation, the slag layer 21 can be removed and consequently feduced in thickness

until the surface of the underlying molten metal bath 22 approaches the height of the slag
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discharge 16, before which the drum- or cylindrical-shaped chamber 11 can be rotated about its

central axis so that molten metal in the bath 22 can flow out through the spout 17.

The following Table 1 is a non-exhaustive list of various materials that can be fed into the

system according to the present invention.

Table 1
Feed Material Iron Slag Volatile Metal (Zn) Reductant Binder
EAF Dust (from carbon steel) Yes Yes Yes
EAF Dust (from stainless steel) Alloy | Yes
Stainless Steel Sludges Alloy | Yes
BOF Sludge Yes Yes Yes
AOD Dust Yes Yes Yes
Blast Furnace Sludge Yes Yes
Mill Scale Yes Minor
Waste Iron Oxides Yes Minor Yes
Iron/Steel Borings Yes
Iron/Steel Stampings Yes Yes
Kish Fines Yes Yes
Iron Carbonate Yes YesA
Batteries* Yes Yes
Spent Catalysts Alloy Yes
Lead Smelter Slag Yes
Zinc Plating Wastes Yes
| Zinc Hydroxide Sludge/Wastes Yes
Galvanizing Sludges Yes
Suction Dust from Rubber Mfg.
Electrofinishing Wastes Alloy
Silica Carbide Cond, Yes
Cola/Soft Drink Syrups . Yes
Waste Paints Yes Yes

-16-
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Glass Cullet Cond.
Waste Sand Cond.
Silica/Silicon Wastes** Cond. Yes

* Batteries include: NiCd, Alkaline, Lithium Ion, Zn/Fe.
** Silica/Silicon Wastes include: Silicon Tubing, Silicon Products, Siloxanes, Silanes.

In Table 1 is a non-exhaustive list of various materials, many of which are considered
waste materials from the standpoint that prior to the present invention it was either not believed
that any useful product(s) could be obtained from these materials or there was no efficient
process for recovering products from these materials. The overall concept of the present
invention is to use a waste material as a feed stream and produce therefrom at least one and
preferably two or more useful products. These products can be recovered from the channel
induction furnace as a released vapor that is subsequently collected and/or a slag product and/or
a molten product that is obtained from the molten bath in the induction furnace.

During the course of the present invention it was discovered that controlling the
parameters, properties and chemistry of the slag was important for a number of reasons. During
operation of the channel induction furnace, it was diécovered that materials fed into the induction
furnace in the slag layer with a significant portion of the surface area of the feed matefials
exposed to the slag in the slag layer. This phenomenon was determined to have significant
effects on the operation of the induction furnace and particularly in regard to the process of
processing waste materials according to the present invention.

The density of the feed materials is typically about the same as the density of the slag
layer. Accordingly, the feed materials and the slag layer both float on the surface of the molten

bath.
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Figure 6 is a schematic illustration of how feed materials react in the channel induction
furnace. In Fig. 6 a mass of feed material identified by reference numeral 24 represents a
briquette, or pelletized or accumulated volume or mass of loose feed material that contains
volatile metal oxides and non-volatile metal oxides. As depicted, the mass of feed material 24
floats on or in slag layer 21 so that a significant portion of the surface area of the mass of feed
material 22 is exposed to the slag in the slag layer 21. In Fig. 6 the volatile metal oxides in the
feed material are represented by zinc oxide (ZnO), it being understood that other volatile metals
could be included such as cadmium, lead, and other metals that will enter the vapor phase at the
operating conditions of the channel induction furnace. The non-volatile metal oxides are
represented by iron oxide (Fe;0s), it being understood that the feed materials could contain other
non-volatile metal oxides which can be reduced into elemental metals which are in the liquid
phase at the operating conditions of the channel induction furnace. It is further noted that the
feed materials typically contain other components which produce the slag and can include for
example non-metallic components and compounds such as calcium silicates, silica, alumina,
calcia, magnesium, etc. For simplicity, thesé material components that form the slag are not
shown in Fig. 6.

The molten bath 22 contains carbon as a reductant. The carbon in the molten bath 22
reacts both with the volatile metal oxides in the feed materials and reacts with thé non-volatile
metal oxides in the feed materials. In the exemplary case of zinp oxide, the zinc oxide reacts
with carbon from the moltén bath 22 as follows:

ZnO +C—2Zn+CO
As indicated by the arrows in Fig. 7, the elemental zinc (Zn) produced by the carbon

reduction of zinc oxide forms in the vapor phase and passes through or leaves the slag layer 21
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and enters the headspace 20 of the channel induction furnace for collection and processing as
discussed herein. The carbon monoxide forms as a gas and passes through or leaves the slag
layer 21 and enters the headspace 20 of the channel induction furnace.

In the exemplary case of iron oxide (Fe,0s3), the iron oxide reacts with carbon from the
molten bath 22 as follow:

Fe,03 +3C — 2Fe + 3CO

As indicated by the arrows in Fig. 7, the elemental iron (Fe) produced by the carbon
reduction of ron oxide forms in the liquid phase and passes through or leaves the slag layer 21
and enters the molten bath 22 beneath the slag layer 21. The carbon monoxide forms as a gas
and passes through or leaves the slag layer 21 and enters the headspace 20 of the channel
induction furnace.

From Fig. 6 it can be appreciated how the reaction zone for each mass of feed material is
located substantially in the slag layer. As the reaction proceeds, the discrete masses or volumes
of the feed materials break up and/or dissolve so that by the time they flow from the inlet 8 of the
channel induction furnace to the slag discharge 16 with the moving slag layer they are
completely reacted and converted into elemental volatile metals that leave through the headspace
20 via vapor phase and/or elemental non-volatile metals that enter the molten bath in the liquid
phase and/or non-metallic components that become part of the slag layer. The reaction or
residence time of the discrete masses or volumes of the feed materials through the channel
induction furnace 1 can éccordingly be controlled by removal of the slag through the slag
discharge. As discussed elsewhere herein, and not illustrated in Fig. 6, the chemistry and fluidity
of the slag layer can be controlled as desired by adding appropriate agents to the slag and carbon,

which is depleted from the molten bath as the reactions proceed, can be replenished by adding
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reductants together with the feed materials or otherwise into the molten bath independently of the
feed materials.

The process of the present invention can receive feed materials in a number of manners,
depending upon the composition of these materials and the desired quality of products produced
from the feed materials. As materials are added into the induction furnace they are heated
through direct contact with the slag layer. The heat transfer from the slag to the feed materials is
one of the factors that determines the rate at which materials can be processed. The manner or
methods for handing, mixing, preparing and adding the feed materials into the induction furnace
will be hereafter described.

The quality or purity or volatile products that are removed from the furnace will be
impacted by the fines in the feed material. Some portion of the fine material in the feed will be
entrained in the gases moving in the headspace of the furnace, resulting in these entrained fines
being carried over into the volatile metal stream that is removed and collected from the
headspace. Thé quantity of the fines in the feed can be reduced in several ways. By briquetting
or pelletizing the feed materials, the quantity of fines carryover can be reduced. In addition,
screening the feed material to remove or reduce the amount of fines fed into the furnace will
reduce the fines carryover. Further increasing the cross-sectional are of the furnace headspace so
that the gas velocity in the headspace is reduced will also reduce the quantity of fines that
become ventrained and carried over. :

In some instances the quality of the product removed in the gas stream from the
headspace is not important, for example when the feed material does not contain a significant
amount of volatile metals. In such instances the feed material can be a simple mixture of metal

oxides and reductant that is fed directly into the furnace without briquetting or pelletizing.
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The rate at which the feed materials are heated to the reaction temperature is dependent
on several factors. In situations in which the slag layer and feed materials are primarily metal
oxides, they will have relatively low thermal conductivity coefficients — about 1 BTU/hr-ft-F°.
The addition of heat-conducting materials, i.e. materials such as metal that have higher thermal
conductivity coefficients mixed together or mixed in such feed materials will greatly improve the
rate of heat transfer within the feed zones of the furnace. For example, metal-containing
materials or wastes such as iron borings or iron fines can be added to the feed as it is fed into the
furnace or mixed with the feed material and formed into briquettes or pellets that are fed into the
furnace. Such iron materials and other metals have a thermal conductivity coefficient of 20 — 24
BUT/hr-ft-F° at the operating temperature of the furnace, therefore the heat transfer of the
combination of the metal oxides and metals such as iron will be much faster than the heat
transfer of the metal 0xjdes alone.

As the feed materials are added into the induction furnace they are heated by the portion
of the slag located at the point of addition or the “feed zone(s).” The immediate slag is heated in
turn by the adjacent slag and ultimately the molten bath under the slag layer and the high
temperature in the headspace. By adding the feed materials at multiply locations the amount of
cooling at any single feed location can be minimized and the process can be operated at an
increase feed rate.

Figure 6 shows how the mass of feed material floats on or in the slag layer. It accordingly
can bé understood how “islands” of feed materials can be created if discrete volumes or masses
of feed material, whether briquetted, pelletized or loose, are feed into the channel induction
furnace and into/onto the slag layer so that they accumulate. The formation of such islands is to

be avoided inasmuch as they can result in volumes of feed materials having proportionally larger

21-



WO 2009/114157 PCT/US2009/001566

surfaces areas that are not exposed or in direct contact with the slag and/or create large cool
masses that cool a larger portion of area of the surrounding slag layer which has a low thermal
conductivity coefficient (k) and thus takes longer to recover to optimum temperature.

Such islands can be moved deeper into the slag layer so as to come into more direct
contact with the molten bath or moved to other locations in the slag layer to heat up to reaction
temperature more quickly. Such movement can be accomplished using a mechanical or manual
plunger or other elongated tool that is inserted through the furnace feed opening(s) of other
access port(s) or through a movement of the slag by rotating the furnace.

Adding the feed material so as to avoid the formation of islands can be accomplished by
timing the addition of discrete amounts (briquettes, pellets or loose volumes) so that a previously
added amount of feed material has flowed with the slag away from the feed zone. In addition,
discrete amounts of the feed material can be added to different areas of the slag layer by
including a plurality of feed inlets, or by timing the feed with the rotation of the channel
induction furnace or by including a movable chute or deflector to place or deflect discrete
amounts of feed to different locations in the slag.

Although the present invention has been described with reference to particular means,
materials and embodiments, from the foregoing description, one skilled in the art can easily
ascertain the essential characteristics of the pfesent mnvention and various changes and
modifications can be made to adapt the various uses and characteristics without departing from
the spirit and scope of the present invention as described above or from the scope of the attached

claims.
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WHAT IS CLAIMED IS:

1. A method of processing at least one of a molten metal product, a vapor phase
metal product and a slag product from at least one waste material which cofnprises:

providing a channel induction Ifurnace having a headspace and containing a molten metal
bath,

feeding at least one waste material into a channel induction furnace; and

allowing the at least one waste material to react in the channel induction furnace to
produce at least one of a molten metal product that passes into the molten metal bath: a vapor
phase metal product that passes into the headspace of the channel induction furnace and a slag
product that floats as a layer on the molten metal bath, |

wherein the step of feeding at least one waste material into the channel induction furnace
comprises feeding discrete masses or volumes of waste material into the channel induction

furnace in a manner that avoids the formation of islands of waste material in or on the slag layer.

2. A method of processing at least one of a molten metal product, a vapor phase
metal product and a slag product from at least one waste material according to claim 1, wherein
the step of feeding at least one waste material into the channel induction furnace comprises
allowing a previously fed discrete ma;ss or volume of waste material to move with the slag layer
to a position whereat a subsequent fed discrete mass or volume of waste material will not contact

the previously fed discrete mass or volume of waste material.
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3 A method of processing at least one of a molten metal product, a vapor phase
metal product and a slag product from at lezist one waste material according to claim 1, wherein
the step of feeding at least one waste material into the channel induction furnace comprises
feeding discrete masses or volumes of waste material into the channel induction furnace at

different locations.

4. A method of processing at least one of a molten metal product, a vapor phase
metal product and a slag product from at least one waste material according to claim 3, wherein
the step of feeding at least one waste material into the channel induction furnace comprises
, providing the channel induction furnace with a plurality of waste material feed inlets and feeding
discrete masses or volumes of waste material into the channel induction furnace through

different ones of the plurality of waste material feed inlets.

5. A method of processing at least one of a molten metal product, a vapor phase
metal produ'ct and a slag product from at least one waste material according to claim 3, wherein
the step of feeding at least one waste material into the channel induction furnace comprises
providing the channel induction furnace with a waste material feed inlet and directing discrete
masses or volumes of waste material into the channel induction furnace through the waste
material feed inlet so that individual discrete masses or volumes of the waste material land in

different positions within the channel induction furnace.

6. A method of processing at least one of a molten metal product, a vapor phase

metal product and a slag product from at least one waste material according to claim 5, wherein
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the step of directing discrete masses or volumes of waste material into the channel induction
furnace comprises contacting the discrete masses or volumes of waste materials with a chute or -

deflector.

7. A method of processing at least one of a molten metal product, a vapor phase
metal product and a slag product from at least one waste materiél according to claim 3, wherein
the step of feeding at least one waste material into the channel induction furnace comprises
feeding discrete masses or volumes of waste material into the channel induction furnace while

rotating the channel induction furnace.

8. A method of proéessing at least one of a molten metal product, a vapor phase
metal product and a slag product from at least one waste material according to claim 3, wherein
the step of feeding at least one waste material into the channel induction furnace comprises
mechanically repositioning discrete masses or volumes of waste material within the channel

induction furnace.

9. A method of processing at least one of a molten metal product, a vapor phase .
metal product and a slag product from at least one waste material according to claim 3, wherein
the step of feeding at least one waste material into the channel induction furnace comprises
manually repositioning discrete masses or volumes of waste material within the channel

induction furnace.
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10. A method of processing at least one of a molten metal product, a vapor phase
metal product and a slag product from at least one waste material according to claim 8, wherein
the step of repositioning discrete masses or volumes of waste material within the channel
induction furnace comprises pushing the discrete masses or volumes of waste material with an

elongated tool.

11. A method of processing at least one of a molten metal product, a vapor phase

metal product and a slag product from at least one waste material which comprises:
. providing a channel induction furnace having a headspace and containing a molten metal
bath,
h feeding at least one waste material into a channel induction furnace; and

allowing the at least one waste material to react in the channel induction furnace to
produce at least one of a molten metal product that passes into the molten metal bath, a vapor
phase metal product that passes into the headspace of the channel induction furnace and a slag
product that floats as a layer on the molten metal bath,

wherein islands of waste material that are formed in or on the slag layer are mechanically

or manually broken up.

12. A method of processing at least one of a molten metal product, a vapor phase
" metal product and a slag product from at least one waste material claim 11, wherein the step of
breaking up islands of waste material comprises contacting the islands of waste material with an

elongated tool.
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13. A method of processing at least one of a molten metal product, a vapor phase
metal product and a slag product from at least one waste material which comprises:

providing a channel induction furnace having a headspace and containing a molten metal
bath;

feeding at least one waste material into a channel induction furnace; and

allowing the at least one waste material to react in the channel induction furnace to
produce at least one of a molten metal product that passes into the molten metal bath, a vapor
phase metal product that passes into the headspace of the channel induction furnace and a slag
product that floats as a layer on the molten metal bath,

wherein the at least one waste material is screened to remove fines before being fed into

the channel induction furnace.

14. A method of processing at least one of a molten metal prodﬁct, a vapor phase metal
product and a slag product from at least one waste material which comprises:

providing a channel induction furnace having a headspace and containing a molten metal
bath;

feeding at least one waste material into a channel induction furnace; and

allowing the at least one waste material to react in the channel induction furnace to
proFiuce at least one of a molten metal product that passes into the molten metal bath, a vapor
phase metal product that passes into the headspace of the channel induction furnace and a slag
product that floats as a layer on the molten metal bath,

wherein the at least one waste material is fed into the channel induction furnace together

with a heat-conducting metal material.
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15. A method of processing at least one of a molten metal product, a vapor phase
metal product and a slag product from at least one waste material according to claim 14, wherein

the at least one waste material and the heat-conducting metal material are admixed together.

16. A method of processing at least one of a molten metal product, a vapor phase
metal product and a slag product from at least one waste material according to claim 15, wherein
the at least one waste material and the heat-conducting metal material comprise a loose

admixture.

17. A method of processing at least one of a molten metal product, a vapor phase
metal product and a slag product from at least one waste material according to claim 14, wherein

the heat-conducting metal material comprises iron.

18. A method of processing at least one of a molten metal product, a vapor phase
metal product and a slag product from at least one waste material according to claim 14, wherein

the heat-conducting metal material comprises a waste material.
19. A method of processing at least one of a molten metal product, a vapor phase

metal product and a slag product from at least one waste material according to claim 18, wherein

the heat-conducting metal material comprises a machining waste.
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20. A method of processing at least one of a molten metal product, a vapor phase
metal product and a slag product from at least one waste material according to claim 19, wherein

the heat-conducting metal material comprises iron borings.
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