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DRYING APPARATUS

FIELD OF THE INVENTION

The present invention relates to a drying apparatus for drying material. The drying

apparatus is particularly suitable for drying particulate material, especially fine granular

material. The present invention also relates to a method for drying material.

BACKGROUND OF THE INVENTION

Drying apparatus, such as flash dryers, are frequently used to reduced the water content of

materials, such as moist particulate materials. Such drying apparatus operates by heating the

material to be dried in order to remove water therefrom. The material to be dried may be

heated in the dryer by injecting combustion gases from a combustor or by injecting steam or

by injecting hot air or by injecting hot gases. The hot gases or the steam contacts the

material to be dried in the dryer. This results in direct heat exchange between the hot

combustion gases or the steam and the material, thereby increasing the temperature of the

material, which in turn causes drying.

Throughout this specification, the term "comprising" and its grammatical equivalents are to

be taken to have an inclusive meaning unless the context of use clearly indicates otherwise.

The applicant does not concede that the prior art discussed in this specification forms part of

the common general knowledge in Australia or elsewhere.

BRIEF DESCRIPTION OF THE INVENTION

It is in object of the present invention to provide an alternative drying apparatus.

hi a first aspect, the present invention provides a drying apparatus for drying a material

comprising a vessel having an inlet for introducing the material to be dried and an outlet for

removing dried material therefrom, indirect heating means for indirectly heating the material

in the vessel, a vapour or gas outlet for removing vapour or gas from the vessel and a

separator for separating entrained solids from the vapour or gas leaving the vessel.



In one embodiment, the drying apparatus further includes feeding means for feeding the

material to be dried to the vessel.

The drying apparatus in accordance with the present invention will typically be used to dry

particulate or granular solid material. Therefore, the feeding means suitably comprises any

means known to be suitable for feeding particulate or granular solid material to a vessel.

The feeding means may comprise, for example, one or more screw feeders, or one or more

conveyors, or one or more extruders, or the like.

The drying apparatus in accordance with the present invention utilises indirect heat

exchange to cause drying of the material. This has the advantage that an increased volume

of vapour, steam or gas is not added to the vessel. Consequently, treatment of the vapour or

gas stream leaving the vessel is simplified as the volume of the vapour or gas stream leaving

the vessel is minimised.

The apparatus may include a drying section in which the bulk of drying of the material takes

place. The drying section may include a jacket surrounding the vessel, with a hot or heated

fluid being added to the jacket to thereby indirectly heat the interior of the vessel. The

jacket may be a steam jacket. Alternatively, the jacket may receive hot combustion gases

from a combustor or any other hot media, gas or liquid.

It will be appreciated that other indirect heat exchange means may also be used to heating

the interior of the vessel. The indirect heat exchange means may extend around the exterior

of the vessel. Alternatively, the indirect heat exchange means may extend into the interior

volume of the vessel.

In some embodiments, the vessel may comprise a pipe. In other embodiments, the drying

apparatus may comprise one or more vessels, such as one or more pipes.

The drying apparatus includes a separator for separating entrained solids from the vapour or

gas leaving the vessel. In one embodiment, the separator comprises a filter. The filter is

desirability a heat resistant filter that can withstand the elevated temperatures to which it is



likely to be exposed during operation of the drying apparatus. The filter may be a bag filter

or a ceramic filter.

Other separators that are able to separate solids from gases may also be used in the present

invention.

In one embodiment of the present invention, the vessel is a generally vertical vessel. In this

embodiment, the inlet for the material may be located at an upper part of the vessel and the

outlet for the dried material may be located below the inlet. The vapour or gas outlet may be

at an upper part of the vessel hi this embodiment, the material to be dried enters the vessel

through the inlet in an upper part of the vessel. The material to be dried then falls

downwardly through the vessel to the outlet. The vapour or gas generated in the vessel,

which will typically include water vapour generated by drying of the material, passes

upwardly through the vessel and leaves the vessel via the vapour outlet that is located in an

upper part of the vessel.

hi embodiments where the vessel is a generally vertical vessel, it is desirable that the

separator for separating entrained solids from the vapour leaving the vessel is positioned

above the inlet. More desirability, the separator is positioned directly above the vessel, hi

this embodiment, when the separator is becoming close to fully loaded with separated solids,

the drying apparatus may be operated such that the solids are dislodged or removed from the

separator such that they fall down through the vessel and are recovered via the outlet.

In this embodiment, the inlet for the material may surround the vapour outlet. The inlet for

the material may be shielded or include a guide that promotes movement of the material

down the vessel in close proximity to the wall of the vessel. The shield or guide may

include an outwardly tapered portion or an outwardly sloping portion. As the material is fed

into the vessel, it drops through the inlet and comes into contact with the outwardly tapered

portion or outwardly sloping portion which, in turn, pushes the material towards the wall of

the vessel.

The vapour or gas outlet may be defined by an open-ended body having closed side walls



that it is mounted within the vessel. The open-ended body may define a flow passage

therethrough to thereby enable the vapour or gas to flow through the body. The inlet for the

material to be dried may be defined by the flow passage between an inner wall of the vessel

and the outer wall of the body.

The outlet for removing dried material from the vessel may comprise any suitable outlet for

removing particulate or granular solid material from a vessel, hi one embodiment, the outlet

includes a lock arrangement which has a first valve and a second valve spaced from the first

valve. During use, the first valve will be open to allow the material to pass therethrough.

The second valve will typically be closed in order to seal the vessel from the tee exterior.

When the space between the valves is almost full, the first valve is closed and the second

valve is opened to allow the dried material to be removed through the second valve. As the

first valve is closed at this stage, the interior of the vessel remains sealed from the exterior

environment. Inertization gases may be introduced into this part of the apparatus. This

operation will be while understood to a person skilled in the art.

hi one embodiment, the drying apparatus may include a drying section and a cooling section

downstream from the drying section, hi the cooling section, the dried material is cooled.

This enables easier handling of the dried material and also allows for recovery of waste heat

from the dried material. The heat recovered in the cooling section may be used to preheat

the material that is being sent to the drying apparatus for drying.

The cooling section may comprise a jacket surrounding the vessel, with a heat exchange

fluid flowing through the jacket to thereby recover heat from the dried material in the

interior of the vessel. The heat exchange fluid may comprise a liquid or gas. Other heat

exchange media may also be used (such as flowable particulate material). Water may be

used as a suitable heat exchange fluid. The heat exchange fluid recovered from the cooling

section may be used to preheat the material that is to be fed to the dryer.

Alternatively, material to be dried may pass through the cooling section prior to being fed

into the vessel, hi this fashion, the material to be dried is preheated.



The present invention also relates to a method for drying material.

Accordingly, in a second aspect, the present invention provides a method of drying a

material comprising feeding the material to a drying apparatus, the drying apparatus

including a vessel that is heated by indirect heat exchange, passing the material through the

vessel such that the material is heated by indirect heat exchange to thereby cause moisture in

the material to evaporate, removing dried material from the vessel and removing vapour

from the vessel.

In one embodiment, the method further includes separating entrained solids from the vapour.

The entrained solids may be removed from the vapour by subjecting the vapour stream

leaving the vessel to a solids separation step. For example, the vapour stream may be passed

through a filter to remove entrained solids therefrom.

hi one embodiment, the method comprises providing a generally vertical vessel, feeding

material to be dried to an inlet positioned at an upper part of the vessel such that the material

falls downwardly through the vessel, causing evaporation of moisture from the material

whereby vapour generated in the vessel rises upwardly through the vessel and passes

through a vapour outlet and into a separator located above the inlet, separating entrained

solids from the vapour in the separator, and removing dried material from an outlet located

below the inlet, wherein solids separated from the vapour in the separator are recovered

through the outlet of the vessel.

Other embodiments of the method in accordance with the present invention may be as

described with reference to operation of the drying apparatus described with reference to the

first aspect of the invention.

The drying apparatus in accordance with the present invention is suitably a flash dryer.

Similarly, the drying method in accordance with the present invention may comprise a flash

drying method.



The apparatus and method in accordance with the present invention may be used to dry

particular material, such as coal (including lignite), sand, minerals, etc.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a side schematic view of the drying apparatus in accordance with one

embodiment of the present invention;

Figure 2 shows a side a view of the upper part of the drying apparatus shown in figure 1;

Figure 3 shows a side view of the drying section of the apparatus shown in figure 1;

Figure 4 shows a side view of the cooling section of the apparatus shown in figure 1; and

Figure 5 shows a side view of the bottom section of the drying apparatus shown in figure 1.

DETAILED DESCRIPTION OF THE DRAWINGS

It will be appreciated that the drawings accompany this specification have been provided for

the purposes of illustrating an embodiment of the present invention. Thus, it will be

understood that the invention should not be considered to be limited solely to the features as

shown in the attached drawings.

The drying apparatus 10, as shown in figure 1, comprises a vessel in the form of a pipe 12.

Pipe 12 it is positioned such that it is in a generally vertical orientation. A support structure

14 (or another similar framework) is used to support pipe 12.

The pipe 12 includes a material feeder 16. As shown in figure 1, material feeder 16 is

located at an upper part of pipe 12. The drying apparatus 10 includes a drying section 18

and a cooling section 20. The lower part of pipe 12 is provided with an outlet 22 for

removing dried material from the pipe.

Positioned above the material feeder 16 is a separator 24. An exhaust gas line 26 is used for

removing exhaust gas or vapour from the separator 24.



Finally, the apparatus 10 shown in figure 1 also includes an exhaust gas condenser 30 for

condensing water vapour from the exhaust gas leaving the drying apparatus 10.

Figures 2 to 5 show various views of parts of the drying apparatus 10 shown in figure 1.

Figures 2 to 5 show an enlarged scale, when compared with figure 1, so that the various

features of the embodiment of the drying apparatus 10 shown in figure 1 can be described

with greater clarity.

Referring initially to figure 2, which shows the upper part of the drying apparatus 10 in

greater detail, it can be seen that the material feeder 16 includes hoppers 32, 34. Hoppers

32, 34 are filled with the material that is to be dried. In the embodiment shown in the

attached figures, hoppers 32, 34 manually filled. However, it will be appreciated that

hoppers 32, 34 may be filled using conveyors or other automatically operated filling

equipment. The hoppers 32, 34 may be provided with level sensors that can automatically

sense the level of material in the hoppers and provide a control signal to replenish the

hoppers with material when the level of material in the hoppers reaches a predetermined

minimum level.

Although figure 2 shows two feed hoppers, it will be appreciated that a greater number or

lesser number of feed hoppers maybe used.

Each of the feed hoppers 32, 34 has a screw feeder 36 positioned in a lower outlet thereof.

Screw feeders 36 are used to move the material to be dried from the bottom of the feed

hoppers into the pipe 12. In this regard, pipe 12 has openings 38, 40 formed in the side

thereof. The screw feeders 36 open into respective openings 38, 42 thereby enabling the

material to drop into the pipe 12. Thus, the openings 38, 40 represent inlets that allow the

material that is to be dried in the drying apparatus 10 to be fed into the pipe 12.

Figure 2 also shows the separator 24. As can be seen, separator 24 is positioned above the

inlet 38, 40. The separator 24 is carried within a further pipe section 15 that is joined via

conventional pipe joints 42 to pipe 12. The upper end of pipe section 15 has further pipe



joints 44 that unable and end pipe 46 to be joined thereto.

The separator 24 comprises a filter 48. At its upper end, filter 48 is provided with a flange

50 that is used to mount the filter 48 within pipe section 15. Flange 50 also prevents vapour

from leaving the pipe section 15 without having first passed through the filter 48.

An exhaust pipe 52 is connected to the upper end of pipe section 15. The exhaust pipe 52 is

used to remove vapour from the drying apparatus 10.

At the lower end of pipe section 15, a shield or guide 54 is provided. Shield or guide 54 is

mounted via pipe joint 42. The shield or guide 54 comprises a hollow body having open

ends and closed side walls. Thus, shield or guide 54 allows vapour or gas to flow

therethrough. Accordingly, shield or guide 54 may be considered to define a vapour or gas

outlet from pipe 12.

As can be seen from figure 2, the material that is fed into pipe 12 through inlets 38, 40 flows

down through a flow passage defined between the inner wall of pipe 12 and the outer wall of

shield or guide 54.

The lower end of shield or guide 54 is shown in figure 3. As can be seen from figure 3, the

lower end 56 of shield or guide 54 includes an outwardly tapered or an outwardly pointing

section. This acts to divert particulate material falling past the shield or guide 54 outwardly

towards of the wall of the pipe 12. This is desirable because the maximum heat transfer in

the drying apparatus 10 occurs near the walls of the pipe 12 in the drying section 18.

As shown in figure 3, the drying section 18 includes a jacket 58 that surrounds pipe 12.

Jacket 58 has a steam inlet 60 that is connected to a steam feed pipe 62 and a steam outlet 64

that is connected to a steam outlet pipe 66. A condensate outlet 68 that is connected to a

condensate pipe 70 is also provided in jacket 58. Steam is supplied to jacket 58 from a

boiler or other heat source (not shown). This steam (or, in some embodiments, other heat

carrying media) flows through jacket 58 and acts to indirectly exchange heat with the

interior volume of the pipe 12 in the drying section 18. Due to the action of the shield or



guide 54 promoting the downward flow of material in close proximity to the wall of pipe 12,

rapid heat exchange occurs with the material to be dried, which results in flash drying of the

material. The vapour liberated from the flash drying process travels upwardly through the

central portion of pipe 12, through the flow passage in shield or guide 54 into the upper pipe

section 15.

The particulate material leaving the lower end of drying section 18 is largely dried. It will

be appreciated that this material is quite hot. Due to the high temperature of this material, it

may be difficult to handle if it was discharged from the drying apparatus 10 at that

temperature. To accommodate this, the drying apparatus team is also provided with a

cooling section 20. Cooling section 20 is shown in more detail in figure 4.

Cooling section 20 includes a jacket 80 that surrounds pipe 12. Jacket 80 includes a cooling

media inlet 82 connected to a cooling media supply line 84. Jacket 82 also includes a

cooling media outlet 86 that is connected to a cooling media outlet line 88. Cooling media,

which may be water, is caused to flow through jacket 80 to indirectly extract heat from the

hot dried material inside pipe 12. This results in an increase in temperature of the cooling

media that flows through jacket 80. The hot cooling media recovered from jacket 80 may be

used to pre-heat incoming feed material before it is fed to the feed hoppers.

Figure 5 shows details of the bottom section of the drying apparatus 10. The bottom section

of pipe 12 is provided with a lock arrangement 90. Lock arrangement 90 includes a first

valve 92 and a second valve 94. As can be seen, first valve 92 is longitudinally spaced from

second valve 94. In operation, first valve 92 is normally open when a second valve 94 is

closed. Dried material dropping down to pipe 12 passes through open first valve 92 and is

trapped by closed second valve 94. When the space in the lock 90 is becoming close to

filled with dried material, first valve 92 is closed and second valve 94 is opened. This

allows the dried material in the lock 90 to flow out of the drying apparatus 10. It will be

appreciated that the interior of the pipe 12 is largely sealed against the exterior at all times

because one of valves 92 or 94 will typically be closed at all times.

When the filter 48 is fully loaded with particulate material, the supply of feed material to the



drying apparatus may be interrupted. The filter may then be treated, for example, by

mechanical vibration, shaking or sub-sonic shock wave (or by other methods known to the

person skilled in the art) to cause the captured particulate material to b e dislodged from the

filter. The dislodged particulate material falls down through the pipe 12 into the bottom

section of the drying apparatus 90. This particulate material may thereafter be removed via

the outlet.

m practice, the drying apparatus 10 shown in figures 1 to 5 is operated in a non-continuous

or batch fashion. When the filter requires cleaning, the drying apparatus 10 is operated so

that feed material supply to the drying apparatus is temporarily ceased. This allows the filter

to be cleaned and the captured fines to be removed from the filter and recovered. The

person skilled in the art will understand that one or more further dryers that are generally

identical to the dryer 10 shown in figures 1 to 5 may be provided such that when the supply

of feed material to one of the dryers is interrupted for filter cleaning, drying operations may

continue in another of the dryers.

The apparatus shown in figures 1 to 5 provides indirect flash drying apparatus that has many

advantageous features. In particular, the apparatus is quite compact and has a small

footprint. Capital costs are minimised. The apparatus utilises indirect heating and as a

result of the volume of vapour and off gases leaving the dryer are minimised. This

simplifies treatment of the off gases. The apparatus provides for simplified recovery of

dried fines material as well as condensed liquids, usually water, that is evaporated from the

feed material.

Those skilled in the art will appreciate that the invention described herein may be

susceptible to variations and modifications other than those specifically described. It will be

understood that the present invention encompasses all such variations and modifications that

fall within its spirit and scope.



CLAIMS

1. A drying apparatus for drying a material comprising a vessel having an inlet for

introducing the material to be dried and an outlet for removing dried material therefrom,

indirect heating means for indirectly heating the material in the vessel, a vapour or gas outlet

for removing vapour or gas from the vessel and a separator for separating entrained solids

from the vapour or gas leaving the vessel.

2. A drying apparatus as claimed in claim 1 further including feeding means for feeding

the material to be dried to the vessel.

3. A drying apparatus as claimed in claim 1 or claim 2 wherein the the indirect heat

exchange means extends around the exterior of the vessel or extends into the interior volume

of the vessel.

4. A drying apparatus as claimed in claim 1 or claim 2 wherein the apparatus includes a

jacket surrounding the vessel, with a hot or heated fluid being added to the jacket to thereby

indirectly heat the interior of the vessel.

5. A drying apparatus as claimed in any one of the preceding claims wherein the

separator comprises a filter.

6. A drying apparatus as claimed in any one of the preceding claims wherein the vessel

is a generally vertical vessel, the inlet for the material is located at an upper part of the

vessel and the outlet for the dried material is located below the inlet and the vapour or gas

outlet is at an upper part of the vessel.

7. A drying apparatus as claimed in claim 6 wherein the separator for separating

entrained solids from the vapour leaving the vessel is positioned above the inlet.

8. A drying apparatus as claimed in claim 6 wherein the separator is positioned directly

above the vessel.



9. A drying apparatus as claimed in claim 8 wherein the inlet for the material surrounds

the vapour outlet.

10. A drying apparatus as claimed in claim 9 wherein the inlet for the material is

shielded or include a guide that promotes movement of the material down the vessel in close

proximity to the wall of the vessel.

11. A drying apparatus as claimed in claim 19 wherein the shield or guide includes an

outwardly tapered portion or an outwardly sloping portion such that as the material is fed

into the vessel, it drops through the inlet and comes into contact with the outwardly tapered

portion or outwardly sloping portion which, in turn, pushes the material towards the wall of

the vessel.

12. A drying apparatus as claimed in any one of the preceding claims wherein the vapour

or gas outlet is defined by an open-ended body having closed side walls that it is mounted

within the vessel, the open-ended body defining a flow passage therethrough to thereby

enable the vapour or gas to flow through the body and the inlet for the material to be dried is

defined by a flow passage between an inner wall of the vessel and the outer wall of the body.

13. A drying apparatus as claimed in any one of the preceding claims wherein the outlet

for removing dried material from the vessel includes a lock arrangement which has a first

valve and a second valve spaced from the first valve.

14. A drying apparatus as claimed in any one of the preceding claims wherein the drying

apparatus includes a drying section and a cooling section downstream from the drying

section, the dried material being cooled in the cooling section.

15. A method of drying a material comprising feeding the material to a drying apparatus,

the drying apparatus including a vessel that is heated by indirect heat exchange, passing the

material through the vessel such that the material is heated by indirect heat exchange to

thereby cause moisture in the material to evaporate, removing dried material from the vessel



and removing vapour from the vessel.

16. A method as claimed in claim 15 wherein the method comprises providing a

generally vertical vessel, feeding material to be dried to an inlet positioned at an upper part

of the vessel such that the material falls downwardly through the vessel, causing evaporation

of moisture from the material whereby vapour generated in the vessel rises upwardly

through the vessel and passes through a vapour outlet and into a separator located above the

inlet, separating entrained solids from the vapour in the separator, and removing dried

material from an outlet located below the inlet, wherein solids separated from the vapour in

the separator are recovered through the outlet of the vessel.

17. A method as claimed in claim 16 wherein the separator for separating entrained

solids from the vapour leaving the vessel is positioned above the inlet such that when the

separator is becoming close to fully loaded with separated solids, the drying apparatus is

operated such that the solids are dislodged or removed from the separator such that they fall

down through the vessel and are recovered via the outlet.

18. A method as claimed in claim 17 wherein the dryer is a flash dryer.

19. A drying apparatus as claimed in any one of claims 1 to 14 wherein the drying

apparatus is a flash dryer.
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