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FLASH FURNACE VELOCITY CONTROL

The present invention relates to methods and apparatus for modifying the velocity of a
particulate bulk material during transfer by pneumatic conveying apparatus to a location

where the material is to be used, processed or stored.

Pneumatic conveying provides an effective and convenient means to feed a particulate bulk
material from one location to another where it may be processed. The manner in which the
material is conveyed is important for the efficiency of the process. Pneumatic conveying
provides many advantages over mechanical conveying in this respect. For example, it is
desirable for the material to be delivered in a smooth, continuous flow since a pulsed or
uneven flow can cause problems and render the process inefficient. Such a smooth flow is

difficult to achieve with mechanical conveying means.

In some industries, such as power generation, it is common to use relatively high conveying
velocities, such as around 20 to 30 m/s. In these industries, a relatively high conveying velocity
can be used since the conveyed material, such as pulverized coal, is generally non-abrasive.

Also, the burner used is adapted to handle material being conveyed at this velocity.

However, in flash furnace applications, the particulate bulk material to be conveyed is usually
abrasive and wear of equipment occurs, resulting from attrition by the particulate material,
when the material is transported at a high velocity. An example of this type of process is the
feeding of metallic concentrate into a flash furnace, such as the smelting of metals such as
copper. This process uses a burner in which the material falls down a burner pipe under
gravity before being evenly dispersed within the furnace. Therefore, this type of burner
requires the conveyed material to be at a significantly lower velocity within the burner pipe.
However, a low conveying velocity can result in the material falling out of suspension to form
plugs with the result that the material pulses from the end of the conveying pipe. If this is

connected to the burner, the burner will also pulse which is unacceptable.

Furthermore, the conveyed material is typically stored at ground level but the burner is
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situated above ground level, typically at a height of 20 m or more. Mechanical conveying can

raise the particulate material to the required height, but is incapable of providing the
necessary smooth continuous flow. Pneumatic conveying is advantageous in providing a
smooth continuous flow of the particulate material to the burner, but raising the particulate
material to the height of the burner necessitates a high conveying velocity which would result

in the problems identified above.

It is desirable to provide means for conveying material to a flash furnace which provides a
smooth continuous flow. It is desirable to provide means for conveying material to a flash

furnace which involves a relatively low conveying velocity at the burner.

In accordance with the present invention there is provided conveying apparatus adapted to
convey a particulate material from a source to a burner provided at a flash furnace, the
apparatus comprising:

pneumatic conveying means adapted to convey the particulate material at a relatively
high velocity; and

a flow modifying device provided at or near the burner inlet, wherein the flow
modifying device is adapted to receive and arrest the flow of the conveyed particulate material

such that the particulate material flows to the burner inlet at a reduced velocity.

The flow modifying device may have an inlet and an outlet and the particulate material is
conveyed in a first direction to the inlet of the flow modifying device and the particulate
material flows from the outlet to the burner inlet in a second different direction. The second

direction may be substantially perpendicular to the first direction.

The particulate material may be conveyed from the source to the burner via a conduit and the
inlet has a cross-sectional area larger than that of the conduit. The outlet may have a cross-

sectional area larger than that of the inlet.

The flow modifying device may include a first recess opposed to the direction of flow of the
particulate material at the inlet such that particulate material gathers within the first recess to

oppose the subsequent flow of particulate material.
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The outlet may be inclined such that particulate material flowing from the outlet to the burner

inlet is gravity assisted.
The apparatus may include a second recess provided downstream of the first recess and
upstream of the burner inlet. The second recess may be opposed to the direction of flow of

the particulate material from the first recess.

The source may be located at a first height and the burner inlet located at a second greater

height.
The apparatus may include at least one vent for venting the conveying gas. A vent may be
provided at the flow modifying device. A vent may be provided at the outlet of the flow

modifying device. A vent may be provided at or near the burner inlet.

The flow modifying device may comprise a cyclone separator. The apparatus may include

straightening vanes are located downstream of the cyclone separator.

Embodiments of the present invention will now be described, by way of example only, with

reference to the accompanying drawings, in which:

Figure 1a shows a conveying apparatus for conveying metal concentrate to a flash furnace

burner, the apparatus including a flow modifying device according to a first embodiment;

Figure 1b is a section along line A-A of Figure 1a;

Figure 1c is a section along line B-B of Figure 1a;

Figure 2 shows a second embodiment of a flow modifying device provided at the burner inlet;

Figure 3 shows a third embodiment of a flow modifying device provided at the burner inlet;
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Figure 4 shows a fourth embodiment of a flow modifying device provided at the burner inlet;

Figure 5a shows a fiftth embodiment of a flow modifying device provided at the burner inlet;

Figure 5b is a section along line A-A of Figure 5a; and

Figure 5c¢ is a section along line B-B of Figure 5a.

Figure 1a shows conveying apparatus 100 for pneumatically conveying a particulate bulk
material 8, particularly a metal concentrate and more specifically a copper concentrate, to the
burner inlet 300 of a flash furnace 200. The apparatus 100 comprises a source in the form of a
storage bin 16 for the particulate material 8, a pneumatic conveying line 12, a compressor 14
supplying pneumatic conveying gas to the conveying line 12, a valve 10 for feeding material 8
from the bin 16 into the conveying line 12 and a flow modifying device 20 provided at the

burner inlet 300.

The flow modifying device 20 has an inlet 18 in communication with conveying line 12 and an
outlet 30 which communicates with the burner inlet 300. The burner inlet 300 is mounted on a
top portion 2 of the flash furnace 200. The burner inlet 300 and flow modifying device 20 are

therefore a substantial height above the storage bin 16.

Particulate material 8 is transported from the storage bin 16 to the burner inlet 300 via the
pneumatic conveying line 12. The material 8 is suspended in a conveying gas provided by the
conveying gas blower or compressor 14 and is supplied to the conveying line 12 using a rotary
feeding device 10. Feeding systems of this (and other) type(s) tend to cause pulsations in the
conveying material and the extent of such pulsation is strongly dependent on the velocity at
which the material is conveyed. If the conveying velocity is too low in any part of the
conveying line 12, the particulate material 8 will fall out of suspension causing plugs of material
to form. If the velocity is too high however, although this will reduce or eliminate pulsations,

excessive wear on the conveying pipes will be caused.
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The present invention provides a flow modifying device provided at the burner inlet 300 which

is adapted to receive and arrest the flow of the conveyed particulate material 8. This allows
the particulate material 8 to be conveyed along the conveying line 12 at a relatively high
velocity. Particulate material 8 flows from the outlet 30 of the flow modifying device 20 to the
burner inlet 300 at a velocity which is reduced and so suits the operation of the burner and the

flash furnace process.

Before reaching the burner inlet 300, the particulate material 8 in the conveying gas enters the
flow modifying device 20, through inlet 18. The inlet 18 has a larger cross-sectional area than
that of the conveying line 12 and so there is some reduction in velocity as particulate material

8 enters the flow modifying device 20.

In the embodiment illustrated in Figure 1a, the flow modifying device 20 comprises a “blind
tee” in which one branch of the tee piece is blanked off. The branch that is blanked off is
arranged to be the one that opposes a first direction of flow of the particulate material which
is the flow to the inlet 18 of the flow modifying device 20. This first direction is indicated by
arrow “a” in Figure 1a. Particulate material 8 exits the outlet of the flow modifying device 20

travelling in a second different direction which is indicated by arrow “b”.

The blind tee includes a head portion 21a which communicates with inlet 18 and a leg portion
21b which communicates with outlet 30. Portions 21a and 21b are in communication with
each other so that particulate material can pass from head portion 21a into body portion 21b.
Head portion 21a is defined by upper wall portion 20a and lower wall portion 20d. Where, as
is usual, the head portion 21a is substantially cylindrical in shape, wall portions 20a and 20d are
part of the same cylindrical wall. Body portion 21b is defined by wall portions 20b and 20c
which are also part of the same wall where, as is usual, the body portion 21b is substantially

cylindrical.

In the example illustrated in Figure 1a, the head portion 21a and body portion 21b are
arranged substantially perpendicular to one another. Therefore, the first and second
directions are also substantially perpendicular. However, this need not be the case and other

embodiments may involve different angles.
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The blind tee includes a recess 24 formed in head portion 21a provided by the blanked off
branch. The recess 24 is located opposite inlet 18 with respect to the flow direction a. Recess
24 is defined by end wall 23 of the head portion 21a and side walls 23b and 23c. Side wall 23b
is conveniently a part of wall portion 20a and side wall 23c is conveniently a part of wall

portion 20d.

The particulate material 8 initially collides with end wall 23 of the blind tee 22 and then
particulate material 8 gathers in the recess 24. The accumulated particulate material 8 in the
recess 24 provides a buffer having a cushioning effect for the particles impacting in the region
defined by recess 24. The resulting reduction in velocity of the particulate material 8 causes
separation of the particulate material 8 from the conveying gas. Particulate material 8 is

discharged generally in the second direction b through the outlet 30.

Outlet 30 has a larger cross-sectional than that of the inlet 18. Because of this, any
acceleration of the particulate material 8 while flowing in the second direction is minimized or
eliminated. Also, the flow modifying device 20 is located at the burner inlet so that the length
of the leg portion 21b of the flow modifying device 20 is relatively short. Therefore, the
particulate material 8 does not have the distance required to reaccelerate up to the initial

conveying velocity.

The relative cross-sectional areas of the conduit 12, inlet 18 and outlet 30, the collision of
particulate material 8 with the end wall 23 and subsequent change in flow direction, the
position of the flow modifying device 20 and the relatively short leg portion 21b all contribute
to reducing the velocity of the particulate material 8 that flows from the outlet 30 to the
burner inlet 300. Typically, the velocity of the particulate material 8 is reduced to around 50%
of the initial conveying velocity. Any reduction in velocity has a considerable effect on reducing

wear in the system. Generally, wear is proportional to velocity to the power of 2.5.

The body portion 21b of the flow modifying device 20 is inclined so that, following separation
of the particulate material 8 from the conveying gas, the particulate material 8 falls under

gravity in a smooth continuous flow along the inner surface 26 of wall portion 20c. This
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smooth continuous flow of particulate material 8 forms a flowing body 28 occupying a lower

half of the outlet 30 in Figure 1b. Thus the flow of particulate material 8 at the burner inlet
300 is substantially due to gravity, which suits the flash furnace process and suits the type of

burners used in such processes.

The pneumatic conveying apparatus 100 which delivers the particulate material 8 into the
burner inlet 300 is illustrated as a single system in Figure 1a but typically more than one
apparatus 100 will be used. Figure 1c, showing a longitudinal plan view of section B-B,
illustrates how four pneumatic conveying apparatus can be circumferentially evenly spaced
about the centre line of burner inlet 300 and each communicating with the burner inlet 300 via
a respective outlet 30, 30a, 30b and 30c. As material leaves each flow modifying device 30,
30a, 30b, 30c along a respective inner surface 26, it is discharged into burner inlet 300 and
progresses downwardly along the burner inlet pipe 301 and exits into the furnace 200. The
smooth continuous flow from each respective flow modifying device 30, 30a, 30b, 30c allows a

circular sleeve of material 34 to fall along the burner outlet pipe 301.

The arrangement in Figure 1a is also provided with an air feed pipe 32 which extends centrally
through burner inlet 300 and a dispersal element 40, below the free lower end of burner inlet
pipe 301. Dispersal element 40 is provided with air jets arranged to disperse the bulk material
evenly into the combustion air 36 supplied through air inlets 38. The formation of the sleeve
of material 34, which flows in a smooth continuous manner, ensures that when material exits
into the furnace at the end of burner inlet pipe 301, a smooth, even and continuous
distribution of particulate material is achieved. If the velocity had not been sufficiently
reduced then there would be no smooth continuous flow and the sleeve of material 34 would

not form, adversely affecting the distribution of material into the furnace.

Different embodiments of the flow modifying device are shown in Figures 2, 3, 4 and 5.

Referring to Figure 2, the flow modifying device 20 comprises a head portion 121a with a
recess 50 and a body portion 121b. Head portion 121a is defined by upper wall portion 41a
and lower wall portion 41d. Recess 50 is defined by end wall 42 and side walls 43b and 43c.

Body portion 121b comprises wall portions 41b and 41c. In this alternative embodiment, body
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8
portion 121b comprises a substantially vertical section defined by side walls 41e and 41f and

an inclined section defined by the side walls 41h and 41g. Side walls 41f and 41h conveniently
form part of wall portion 41c and side walls 41e and 41h conveniently form part of wall portion

41b.

In this particular embodiment, the particulate material 8 collides with end wall 42 and gathers
in recess 50. Subsequent particulate material 8 is first discharged to the substantially vertical
section of the body portion 121b. The material then falls under gravity in a smooth continuous
flow and is discharged through outlet 30a via the inclined section along the inner surface 26 of

side wall 41h.

A further alternative embodiment is shown in Figure 3. The flow modifying device 20
comprises a head portion 121a (as in Figure 2) and a body portion 121c with an additional
recess 52. The recess 52 is defined by end wall 44, and side walls 45c and 45b which are
conveniently part of wall portion 41c. In this embodiment, material is discharged to the
substantially vertical section of body portion 121c, defined by side walls 41e and 41f, before
accumulating in the second recess 52. Material then falls under gravity in a smooth continuous
flow and is discharged through outlet 30b via the inclined section along the inner surface 26 of

side wall 41h.

Figure 4 of the accompanying drawings describes another alternative embodiment of the
apparatus. The flow modifying device 20 comprises a head portion 221a, with a recess 60, and
a body portion 121c. In this particular embodiment the head portion 221a is substantially
spherical and defined by wall portions 58a and 58b. The body of material builds up in the
substantially curved surface of wall portion 58a which defines the recess 60 and is opposed to

the direction of material flowing through the inlet 18b.

Figure 5a of the accompanying drawings illustrates an alternative embodiment of the
apparatus. The flow modifying device 20 comprises an upper portion 331a and a lower portion
331b. The upper portion 331a includes a cyclone separator 400 and the lower portion contains
a recess 124. The particulate material 8 is fed from the generally tangential inlet 118 into

cyclone separator 400 in such a way so as to cause the material to rotate at sufficient speed to
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ensure the rotating mass of material is forced against the walls 119 of the device and

separated from the conveying gas. Material then descends along walls 119, passing through
constriction 129 and straightening vanes 125 into the lower portion 331b of the flow modifying
device. Straightening vanes stop the rotation of material and the material accumulates in the
recess 124. Recess 124 is opposed to cyclone separator 100 so that the recess becomes filled
with material descending from the cyclone. End wall 123 and side walls 145b and 145c define
the recess 124. Side walls 145b and 145c are conveniently part of wall portion 141c for the
lower portion 331b of the flow modifying device. The accumulated particulate in the recess
124 provides a buffer having a cushioning effect for the particles impacting in the region
defined by recess 124. The lower portion 331b further comprises an inclined section defined
by side walls 141e and 141h. Following the accumulation of particulate material in recess 124,
the material is discharged through outlet 130 via the inclined section along the inner surface 26

of side wall 41h.

The apparatus can include means for venting conveying gas 70. The embodiments of Figures 2,
3 and 4 include this venting means at the flow modifying device 20 and/or at the burner inlet

300.

While embodiments of the invention have been illustrated and described, it is not intended
that these embodiments illustrate and describe all possible forms of the invention. Rather,
the words used in the specification are words of description rather than limitation, and it is
understood that various changes may be made without departing from the scope of the

invention.
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CLAIMS

1. Conveying apparatus adapted to convey a particulate material from a source to a
burner provided at a flash furnace, the apparatus comprising:

pneumatic conveying means adapted to convey the particulate material at a relatively
high velocity; and

a flow modifying device provided at or near the burner inlet, wherein the flow
modifying device is adapted to receive and arrest the flow of the conveyed particulate material

such that the particulate material flows to the burner inlet at a reduced velocity.

2. Apparatus according to claim 1, wherein the flow modifying device has an inlet and an
outlet, and wherein the particulate material is conveyed in a first direction to the inlet of the
flow modifying device and wherein the particulate material flows from the outlet to the burner

inlet in a second different direction.

3. Apparatus according to claim 1 or 2, wherein the particulate material is conveyed from
the source to the burner via a conduit, and wherein the inlet has a cross-sectional area larger

than that of the conduit.

14, Apparatus according to any preceding claim, wherein the outlet has a cross-sectional

area larger than that of the inlet.

5. Apparatus according to any preceding claim, wherein the flow modifying device
includes a first recess opposed to the direction of flow of the particulate material at the inlet
such that particulate material gathers within the first recess to oppose the subsequent flow of

particulate material.

6. Apparatus according to any of claims 2 to 5 when dependent on claim 2, wherein the

second direction is substantially perpendicular to the first direction.

SUBSTITUTE SHEET (RULE 26)
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7. Apparatus accordingly to any of claims 2 to 6 when dependent on claim 2, wherein the

outlet is inclined such that particulate material flowing from the outlet to the burner inlet is

gravity assisted.

8. Apparatus according to any of claims 5 to 7 when dependent on claim 5, including a

second recess provided downstream of the first recess and upstream of the burner inlet.

9. Apparatus according to claim 8, wherein the second recess is opposed to the direction

of flow of the particulate material from the first recess.

10.  Apparatus according to any preceding claim, wherein the source is located at a first

height and wherein the burner inlet is located at a second greater height.

11.  Apparatus according to any preceding claim, including at least one vent for venting the

conveying gas.

12. Apparatus according to claim 11, wherein a vent is provided at the flow modifying

device.

13. Apparatus according to claim 12, wherein a vent is provided at the outlet of the flow

modifying device.

14.  Apparatus according to any of claims 11 to 13, wherein a vent is provided at or near the

burner inlet.

15.  Apparatus according to any preceding claim, wherein the flow modifying device

comprises a cyclone separator.

16. Apparatus according to claim 15, wherein straightening vanes are located downstream

of the cyclone separator.
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