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1. L closed well furnace for melting aluminium scrap into

molten metal, the furnace comprising a main heating chamber and
a closed well melting chamber having a common floor with a
refractory dividing wall separating the main heating chamber and
the closed well chamber, and in which che floor of the well is
sloped in a downward direction from the melting chamber to the
main heating chamber to assist the flow of molten liquid within

the furnace.

4. A closed well furnace as claimed in Claim 3 wherein the
refractory dividing wall is provided with an opening at the
surface level of the molten metal to allow a current of metal to

flow therethrough.

5. A closed well furnace ¢s described in Claim 4 wherein at

least one het air burner situated within the main heating
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chamber burner is positioned to direct a hot air blast, in a
direction that forms an acute angle to the wall of the main
heating chamber, such that the hot air blast assists the flow of

molten liquid within the furnace.

6. A closed well furnace as claimed in Claim 5 wherein a hot
gas duct is provided to connect the main heating chamber and the
closed well melting chamber, said hot gas duct including a hot

gas damper operative to close the hot gas duct to prevent flow

of hot gas therethrough.
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IMPROVEMENTS IN OR RELATING TO FURNACES

The following statement is a full description of this invention
including the best method of performing it known to me:-




IMPROVEMENTS IN OR RELATING TO FURNACES

The present invention relates to furnaces and more
particularly to furnaces for melting scrap metal and in

particular aluminium.

A first known furnace for melting sc.ap material is
the open well furnace in which metal to be melted is
placed into an open bath of molten metal which is kept at
a high temperature by an inner furnace, gates being
provided to control the flow of metal to and from the
inner furnace to control the heating of the scrap metal.
Such a furnace has the disadvantage that large amounts of
heat are lost by the open bath and although a fume hood
is normally provided there is often an escape of polluted

flue gases on loading of the furnace.

To counter the above disadvantages Closed Well
Furnaces have been designed and these comprise two closed
compartments separated by a wall which extends vertically
downwards. The molten metal (usually aluminium) is
contained within a well and the surface level of the
aluminium is above the bottom of the wall thereby
dividing the furnace into two separate closed

compartments. One compartment comprises a heating
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compartment in which burners heat the molten metal and the
other compartment comprises a melting compartment into
which scrap metal and other material to be melted is fed.

The scrap metal (usually aluminium) is heated by the bath

5 of molten metal in the well without being subjected to

direct heat from burners. This is important in the
smelting of aluminium since aluminium is susceptible to

oxidation especially if thin scrap is to be melted.

Such furnaces however have the disadvantage that
10 because the scrap material is indirectly heated the
throughput of scrap is relatively low for a given size of

furnace.

According to the present invention there is
provided a closed well furnace for melting aluminium scrap
into molten metal, the furnace comprising a main heating
chamber and a closed well melting chamber having a common
floor with a refractory dividing wall separating the main
heating chamber and the closed well chamber, and in which
the floor of the well is sloped in a downward direction
from the melting chamber to the main heating chamber to

assist the flow of molten liquid within the furnace.
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It is preferred that the slope is relatively

shallow, being less than 5 degrees from the horizontal.

The floor of the well may be substantially
rectangular in shape and may slope diagonally from one

corner to a diagonally opposite corner.

The refractory dividing wall may be provided with
an opening at the surface level of the molten metal to

allow a current of metal to flow therethrough.

Preferably, at least one hot air burner situated
within the main heating chamber burner is positioned to
direct a hot air blast, in a direction that forms an acute
angle to the wall of the main heating chamber, such that

the hot air blast assists the flow of molten liquid within

the furnace.

A hot gas duct may be provided to connect the main
heating chamber and the closed well melting chamber, said
hot gas duct may include a hot gas damper operative to
close the hot gas duct to prevent flow of hot gas

therethrough.

It is preferred that the position of the hot gas

damiper is controlled by a control system which monitors the
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difference in the temperature between the main heating
chamber and the closed melting chamber, the control system
being normally operative to open the damper when the

temperature of the main heating chamber is greater than

5 that of the closed well melting chamber.

The damper may be closed when scrap to be melted is

being introduced into the closed well melting chamber.

It is preferred that a hot gas exhaust duct
connecting the closed well melting chamber with an exhaust
10 flue is provided, the hot gas exhaust duct including an
exhaust gas damper operative to effectively seal off the
exhaust duct and further including means for opening the
hot gas damper when the temperature in the closed well

heating chamber rises above a predetermined set level.

15 The hot gas damper between the closed well melting
chamber and the main heating chamber may be opened to allow
gas flow from the closed well melting chamber to the main
heating chamber during the time period that the temperature
in the closed well melting chamber is above the

20 predetermined set level.

Embodiments of the present invention will now be

described, by way of example only with reference to the




accompanying drawings in whichi:-

Figure 1 shows in diagrammatic cross-section a CWF
furnace according to an embodiment of the present

invention;

5 Figure 2 shows diagrammatically a plan view of the

floor of the well;

Figure 3 shows diagrammatically two cross-sections

of the floor of Figure 2 illustrating the diagonal slope

Teees’ concept of the embodiment of the present invention;
[ A R X ]
Tee® o
[ ]
C....: . . A
vese 10 Figure 4 shows diagrammatically a cross-section of
t:'. a portion of the CWF furnace taken along line A-A (Figure
e . ®
L4 eoe

3) illustrating the provision of an opening in the dividing

wall;

L]
0:.":
sese, Figure 5 shows diagrammatically the provision of
.o L]

15 hot gas and exhaust gas dampers in & CWF according to the

: 0..0
sece embodiment of the present invention; and
LXK . . 5 p 3 .
S % ee Figure 6 shows a flow diagram illustrating one
[ X L 4
* o s

o oo possible sequence of operation of the dampers of Figure 5.
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With reference to Figure 1, the CWF furnace
comprises a main heating chamber 10 and a closed well
melting chamber 20 separated by a dividing wall 30 of
refractory material and preferably water or air cooled (not
shown). The furnace is closed or sealed from the
atmosphere during normal operation of the furnace. The
main heating chamber has exhaust outlets 12 and heating
burners 14 and a sliding door 16 preferably counterbalanced
by a weight 18. A tapped outlet 19 is also provided

controllable by any suitable valve means (not shown).

The melting chamber 20 has an exhaust fume outlet
22 and a sliding door 24 preferably counterbalanced by a
weight 26. Aluminium scrap to be melted is placed into
chamber 20 via open door 24 and the door is then closed to

effectively seal the furnace.
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The floor, walls and roof of the furnace are made
from refractory material and doors 24 and 16 are also
lined with refractory material. Heat loss through the

walls etc is kept to a minimum.

In the embodiment according to the present invention
the longitudinal cross-sectional shape of the floor 40 of
the furnace is not rectangular as in the known closed
well furnace. The floor 40 is sloped from the melting
bath chamber 20 down towards the heating door 16 end of
chamber 10. The slope of the floor over its centre
portion 42 is relatively shallow being preferably less
than 5°. In a preferred embodiment the slope of the

centre portion of the floor 42 is about 3°.

At the end nearest door 24 the floor 44 slopes
steeply upwards to guide scrap material 28 (shown dotted)

down onto floor portion 42.

At the end nearest door 16 the floor portion 46
slopes less steeply to allow raking or molten metal ocut

of the chamber.
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The slope of floor portion 42 assist in providing a
convection current (shown dotted) which circulates the
molten metal in the path shown. The heated molten metal
on the upper part of path 48 therefore flows more rapidly
past the scrap 28 thereby melting the scrap at a greater
rate than if the floor portion 42 were horizontal. This
is extremely advantageous since this considerably
increases the throughput of the furnace and hence its

efficiency.

With reference now to Figures 2 and 3, the floor 40
of the well in plan view resembles a rectangle divided
into three smaller rectangles 42, 44 and 46. The
corners of the rectangles are given the reference letters

A to H.

With reference to Figure 3 the line F, D is shown
dotted to indicate that the corner D is below corner C.
The floor of the well therefore in this embodiment not
only falls from point E to point C and from point F to

point D but also falls from point C to point D.

This creates a tendency for the flow path 48 to be

0y

towards corner D as indicated in Figure 2.
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As shown in Figure 2 the burners 14 can be directed
at right angles across the chamber 10 as indicated by

first burner 14 or can be directed at an sangle as

indicated by burners 14°', 14’7, BY directing tLhe

burners at an angle the flow of molten petal can be

assisted by the blast from the burners. This asgain

increases the melt rate of the furnace.

With reference now to Figure 4 if a specific flow
pattern such as shown in Figure 2 is required the
establishment of such a pattern may be assisted by
providing an "opening" 22 in the dividing wall 30. The
opening may, depending on the height of the base of wall
30 relative to the upper surface of the molten metal, be
above the surface, allowing gases to pass between the

furnaces, or just below the surface.

The opening 32 provides an easier passageway for the
molten metal and therefore is persuasive in directing the

flow of the molten metal.

If required a further opening such as shown dotted
at 34 may be provided to further guide the flow of molten

metal on its return journey.
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By using a combination of openings, burner
directions and floor siopes a considerable gchievement

can be made to the flow of molten metal and hence the

efficiency or melt rate of the furnace is improved.

With reference now to figure 5 the two chambers 10
and .+ are drawn diagrammatically. Chamber 10 is
connected to chamber 20 via a hot gas duct 70 and exhaust
ducts 80 and 90 respectively connect chambers 10 and 20
to an exhaust flue or chimney {(not shown). {In known
manner the exhaust flues 80, 90 may be connected to a
fume purification plant to remove unwanted material from

the exhaust gasesi.

In hot gas duct 70 a hot gas damper 100 1is
installed. Normally, the temperature in the main
heating chamber 10, by direct heat from the installed
burners on that chamber, will be at a higher temperature
than the closed well chamber 20. As specified

hereinbefore scrap metal will normally be charged into

the closed well chamber 20. The temperature in the
closed well chamber - using an automatic control system -
can be set at any desired level. The automatic control

system will open the not gas damper 100 in the hot gas

duct 70 connecting the main heating chamber with the
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closed well chamber and it will close the flue gas damper
200 which connects the main heating chamber to the {lue
gas exhaust system. vpening and closing of both sald
dampers 100, 200 will be controlled in such a way, that
the static pressure in the main heating chamber 10 during
such occasions, will be held at a higher level tnan the
static pressure in the closed well chamber 20. By doing
so, a positive hot gas flow from the main heating chamber
through the inter-connecting hot gas duct will be
maintained in accordance with the differential pressure

held and the inter-connecting hot gas duct.

As long as the temperature in the closed well
chamber has mnot yet reached e set point (desired
temperature), a corresponding hot gas flow from the main
heating chamber 10 to the closed well chamber 20 in the
described way will automatically take place. During
charging operations, however, the hot gas damper 100 in
the inter-connecting duct system between the two chambers
10, 20 will be kept closed to avoid unnecessary heat

loss,
In the event, that by, for example, spontaneous

ignition of contaminAnts on the scrap, the temperature in

the closed well chamber rises above the set level
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rdesired tewmperature), the static pra2ssure in the msin
heating chamber 10 will be immediately decreased by
opening the flue gas dJdamper 2Uuv 1n the exhaust duct from
that c¢hamber rfully. At the same time and alwso
immediately. the hot gas damper 100 in  the inter-
connecting duct 70U between both chambers will also ovpen

iving the opportunity to the c¢losed well

1)

fully, s

to dump any excess heat into the main heating

Ly
<

cnamber

chamber 10 without delayv.

In order to control temperature in the main bealing
chamber and also to partially control _he volume of flue
gas exnausted from both chambers., the burners i
installed on the maiy heating chamber 10 will turn down

immedistely in such an event.

The above operation can be controlled by sensing the
temperature in the closed well chamber 20 by wmeans for
example of a detector 400. The set temperature 1is
determined by the furnace system but will be at a
tewperature above that at which the closed well chamber
20 normally operates. Thus in normal ocperation, once

the closed well chamber 20 has been charged and the door

24 has closed the damper 100 will be open and hot air
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will be supplied from the main heating chamber 10 to the

closed well chamber 20 to heat the scrap charged into the

chamber 20.

The operation can be controlled for example by any

suitable microprocessor and a simplified flow diagram is

shown in Figure 6 for this operation.

On start up function 1000 the status of the door 24
is monitored by a suitable sensor, in function 1001. If
the door is open then, as described in function 1002,
damper 100 is closed and damper 300 is opened to allow
fumes to pass to the exhaus flue. The door status is

then continuously monitored.

If the door is eclosed then the temperature detector
400 is monitored in function 1003. If the temperature
is below the set temperature then damper (00 is opened
{or maintained open) and damper 200 is closed in function
1004. The programme then restarts at appropriate

intervals (say every 5 milliseconds).

If the temperature rises above the set point
temperature (due as explained above for example +to

excessive burning of new scrap) then function 1004

e i s
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detects this and enables function 1005 which opens damper

100 and damper 200 and also turns off the burners (if ON)

in MHC 20.

It should be realised that the above control
sequence may form part of a much more complex control
sequence for the furnace and has been considerably

simplified to more clearly explain the Qnﬂbgpbndenf-
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THE CLAIMS DEFINING THE PRESENT INVENTION ARE _AS FOLLOWS:

1. A closed well furnace for melting aluminium scrap into
molten metal, the furnace comprising a main heating chamber and
a closed well melting chamber having a common floor with a
refractory dividing wall separating the main heating chamber and
the closed well chamber, and in which the floor of the well is
sloped in a downward direction from the melting chamber to the
main heating chamber to assist the flow of molten liquid within

the furnace.

2. A closed well furnace as c¢laimed in Claim 1 wherein the
slope is relatively shallow, being less than 5° from the

horizontal.

3. A closed well furnace as claimed in Claim 1 wherein the
floor o©f the well is substantially rectangular in shape and
slopes diagonally from one corner to a diagonally opposite

corner.

4. A closed well furnace as claimed in Claim 3 wherein the
refractory dividing wall is provided with an opening at the
surface level of the molten metal to allow a current of metal to

flow therethrough.

5. A closed well furnace as described in Claim 4 wherein at

least one hot air burner situated within the main heating
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chamber burner is positioned to direct a hot air blast, in a
direction that forms an acute angle to the wall of the main
heating chamber, such that the hot air blast assists the flow of

meclten liquid within the furnace.

6. A closed well furnace as claimed in Claim 5 wherein a hot
gas duct is provided to connect the main heating chamber and the
closed well melting chamber, said hot gas duct including a hot
gas damper operative to close the hot gas duct to prevent flow

of hot gas therethrough.

7. A closed well furnace as claimed in Claim 6 wherein the
position of the hot gas damper is controlled by a control system
which monitors the difference in the temperature between the
main heating chamber and the closed melting chamber, the control
system being normally operative to open the damver when the
temoerature of the main heating chamber is greater than that of

the closed well melting chamber.

8. A closed well furnace as claimed in Claim 6 wherein the
damper is closed when scrap to be melted is being introduced

into the closed well melting chamber.

9. A closed well furnace as claimed in Claim 3 wher-~in a hot

gas exhaust duct connecting the closed well melting chamber with
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an exhaust flue is provided, the hot gas exhaust duct
including an exhaust gas damper operative to effectively
seal off the exhaust duct and further including means for
opening the hot gas damper when the temperature in the
closed well heating chamber rises above a predetermined set

level.

10. A closed well furnace as claimed in Claim 7 wherein
the hot gas damper between the closed well melting chamber
and the main heating chamber is opened to allow gas flow
from the closed well melting chamber to the main heating
chamber during the time period that the temperature in the

closed well melting chamber is above a predetermined set

level.

11. A closed well furnace substantially as hereinbefore
described and illustrated with reference to the

accompanying drawings:

DATED this 25th day of June, 1991.

COPERMILL_ LIMITED
By Its Patent Attorneys

GRIFFITH HACK &'CQ.
Fellows Institute of Patent
Attorneys of Australia.
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