
.. 

5 

--- -------=.------------::--,.--;---

'l bO l 
-. 

I REPLACED SHEETS SG 

i111iiilli . nr6'escnf)tion : paged •••• L to paged .~ ... 
ci(c1aim(s) : pi:·Ged • ff·. to paged • ~l... 
aYOrawing(s} : pcg!:!d .... , •• to pa~c.d .~·'·· 
!2f' Abstract : paged •• ~~. to paged •. ::: •• 

-1-

,·' 

"Method and apparatus for continuous drying in superheated 

steam" 

The invention relates to a method and apparatus for 

continuous drying of moist materials in superheated steam. 

The expression "materials" is intended to include 

moist materials of all kinds which may require to be dried, 

including granular or friable raw materials, partly processed 

materials and products, finished materials and products, and 

residues. For example the invention is applicable to the 

10 drying of chemicals, pharmaceuticals, coal, timber, cloth, 

paper, towels, bed linen, garments, bricks, porcelain, sewage 

sludge and the residues produced by the recycling of paper. 

It is known to dry moist materials by the use of 

superheated steam. For example, British Patent Specification 

15 No. 2209383 describes a method and apparatus in which moist 

materials to be dried are introduced into an enclosure and the 

air or other gas which initially fills the enclosure is 

recirculated between a heat source and the material so as to 

produce steam from the moisture in the material. This steam 

20 increasingly displaces the initial gas from the enclosure and 

continues to be heated by recirculation past the heat source 

until it becomes superheated. A proportion of the steam is 

discharged from the enclosure through a vent and at least part 

of the thermal energy is recovered from the discharged steam 

25 by condensation. 

Specification No. 2209383 discloses primarily a 

batch process in which a batch of material is introduced into 

the enclosure, is dried and is then removed. However, for 
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many commercial applications it is desirable for materials to 

be dried in a continuous process where the materials are 

continually passed through a drying location. In a batch 

method there is no difficulty in retaining the superheated 

5 steam in the enclosure while drying is taking place since the 

enc1osure may simply b~ sealed in gas-tight manner after the 

batch of material has been introduced and opened again when 

it is necessary to remove· the material after drying. In a 

continuous drying process, however, it is necessary to prevent 

10 the escape of the superheated steam from the enclosure, and 

the entry of air into the enclosure, during drying, while at 

the same time allowing the continual passage of materials into 

and out of the enclosure. It is therefore necessary to 

provide some sort of substantially gas-tight seal or barrier 

15 which will permit the passage of the materials into and out 

of the enclosure while at the same time preventing the .escape 

of the superheated steam. In British Specification 

No. 2209383 a continuous drying arrangement is described where 

the inlet and outlet from the enclosure are each defined by 

20 a pair of cooperating rollers having flexibly .resilient 

engaging outer surfaces. A conveyor, carrying the articles 

to be dried, passes through the nip of each pair of rollers 

and the resilient outer surf aces of the rollers press tightly 

against the conveyor and articles as they pass through, thus 

25 providing a substantially gas-tight seal to prevent the escape 

of superheated steam from the enclosure, or entry of air into 

the enclosure. 

In the arrangement described in the earlier 
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specification the articles are garments suspended from a 

conveyor and it is quite feasible for garments, at least of 

some kinds, to pass between fiexible rollers in this manner. 

However, there are many other materials for which this form 

5 of barrier is unsuitable, either because the flexible rollers 

cannot provide an adequate gas-tight seal in view of the 

nature and shape of the materials, or because the materials 

might be damaged or altered by the pressure of the rollers. 

For example it is extremely difficult to arrange for bricks 

10 and similar solid articles to pass between resilient rollers 

in a substantially gas-tight m~nner, and comparatively 

delicate products, such as ceramics, are also likely to be 

damaged by the pressure of the rollers. 

. The present invention sets out to provide a method 

15 and apparatus for continuous drying of moist materials in 

superheated steam whereby the materials to be dried pass into 

and/or out of the enclosure through a non-mechanical barrier 

which allows the free passage of the materials without any 

significant restraint, while at the same time providing 

20 effectively a substantially gas-tight seal to prevent the 

escape of superheated steam from the drying enclosure or the 

entry of air into the enclosure. 

According to the invention there is provided 

apparatus for continuous drying of moist materials in 

25 superheated stea~ comprising a drying enclosure, means for 

generating superheated steam at least partly to dry moist 

materials in said enclosure, an inlet duct and an outlet duct 

communicating with the enclosure, means for conveying material 
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along said ducts to and from the enclosure respectively, at 

least said outlet duct extending downwardly from its 

4 · communication with the enclosure and having an open end 

through which, in use, said material is conveyed out of the 

5 duct whereby, in use, steam tending to pass downwardly along 

said outlet duct and external air or other gas tending to pass 

upwardly along the outlet duct meet to form within the duct 

a temperature and density differential stratification layer 

between said steam and air or other gas, which layer inhibits 

10 the escape of steam from the enclosure and the entry of said 

external air or other gas into the enclosure, by flow along 

the outlet duct, while permitting the conveyance of material 

along the duct and through said stratification layer. 

Said inlet duct may also extend downwardly from its 

15 communication with the enclosure and have an open end through 

which, in use, said material is conveyed into the duct 

whereby, in use, a temperature and density differential 

stratification layer is also formed within the inlet duct 

between said steam and air or other gas, which layer inhibits 

20 the escape of steam from the enclosure and the .entry of 

external air or other gas into the enclosure, by flow along 

the inlet duct, while permitting the conveyance of material 

along the inlet duct and through said stratification layer. 

The inlet and outlet ducts may be separate, or there 

25 may be provided a single common duct which constitutes both 

said inlet duct and said outlet duct. 

Alternatively said inlet duct may, in use, be such 

that it is substantially filled with material being conveyed 
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along said duct, whereby said material itself forms a barrier 

to the escape of steam from the enclosure along the inlet 

" duct. 

said means for generating superheated steam may 

5 include a heat source and a fan device for circulating gas 

within the enclosure between the heat source and material to 

be dried in the enclosure, whereby said superheated steam is 

generated, at least ~n part, from moisture in said material. 

Alternatively or additionally the means for 

10 ·generating superheated steam may include external steam 

generating means separate from the enclosure, and conduit 

means for delivering externally generated steam to the 

enclosure. 

In any of the above arrangements said means for 

15 conveying material along at least one of said inlet and outlet 

ducts may comprise a conveyor structure which is bodily 

movable along the duct and on which said material is 

supported. For example, the·conveyor structure may comprise 

a stretch of an endless band conveyor. 

20 Preferably there is provided in the ~nclosure 

conveying means to transport material through the enclosure 

from the inlet duct to the outlet duct. This conveying means 

may be heated so as to heat and assist in the drying of 

material supported thereby in the enclosure. 

25 The conveying means for transporting material 

through the enclosure and said means for conveying material 

along at least one of said inlet and outlet ducts may comprise 

portions of a single substantially continuous conveyor. 
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In any of the above arrangements a portion of the 

outlet duct above the stratification layer may be thermally 

insulated and a portion of the outlet duct below the 

stratification layer may be substantially uninsulated. 

Apparatus according to the invention preferably 

includes a vent duct for venting a portion of the superheated 

steam from the enclosure. The vent duct may have an outlet 

disposed substantially at the level of said stratification 

layer. 

10 The vent duct may include a condenser to condense 

said port. n of superheated steam vented >m the enclosure, 

so as to recover thermal energy therefrom. The condenser may 

be located adjacent said inlet duct so as to pre-heat, by heat 

exchange, moist material being conveyed along said inlet duct, 

15 and fan means may be provided to circulate heated gas between 

said condenser and said moist material being conveyed along 

the inlet duct. 

In the case where a stratification layer is formed 

in the inlet duct said condenser may be located adjacent a 

20 portion of the inlet duct below the said stratification layer. 

A compressor may be provided in said vent duct to 

compress said portion of the superheated steam vented from the 

enclosure through the duct, compressed steam from the 

compressor being delivered to a condenser located within the 

25 enclosure so as to contribute to the heating of moist material 

in the said enclosure. 

In any of the arrangements according to the 

invention the apparatus may be enclosed within a chamber 
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having means for reducing the pressure in the chamber below 

atmospheric pressure, thereby to reduce the temperature of the 

~- superheated steam. Preferably the enclosure includes 

automatically controlled discharge means for discharging 

5 excess steam from the enclosure for use elsewhere, said 

discharqe means including a control device, such as a 

volumetric flow control valve, to restrict the discharge of 

steam from the enclosure to a quantity insufficient to allow 

external air or other gas to be drawn into the enclosure, 

10 through the aforesaid inlet and outlet ducts, to replace the 

discharged steam. 

In apparatus according to the invention there are 

preferably provided in the enclosure, and/or in at least one 

of said inlet and outlet ducts, baffle means to tend to 

15 equalise the pressure within and above the upper section of 

said duct or ducts, to inhibit entrainment of air or steam by 

the conveyance of material along the duct or ducts, and to 

confine within the enclosure the turbulence of the superheated 

steam which would otherwise tend. to de-stabilise said 

20 stratification layer. 

The apparatus may also include a closable outlet 

from the enclosure whereby the outlet, when opened, allows 

superheated steam in the enclosure to be displaced by external 

air or other gas passing into the enclosure through said inlet 

25 or outlet ducts. 

The invention includes within its scope a method of 

continuous drying of moist materials in superheated steam in 

apparatus comprising a drying enclosure, means for generating 
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superheated steam at least partly to dry moist materials 

inside the enclosure, an inlet duct and an outlet duct 

.. communicating with the enclosure, and means for conveying 

material along said ducts to and from the enclosure 

5 respectively, the method comprising disposing said outlet duct 

to extend downwardly from its communication with the enclosure 

and controlling the generation of superheated steam within the 

enclosure so that steam tendinq to pass downwardly along said 

outlet duct and external air or other gas tending to pass 

10 upwardly along the outlet duct meet to form within the duct 

a ·temperature and densjty differential stratification layer 

between said steam and air or other gas, which layer inhibits 

the escape of steam from the enclosure and the entry of 

external air or other gas into the enclosure, by flow along 

15 the outlet duct, while permitting the conveyance of material 

along the duct and through the stratification layer. 

The method may also comprise disposing said inlet 

duct to extend downwardly from its .communication with the 

enclosure so that steam tending to pass downwardly along said 

20 inlet duct and external air or other· -qas tending. to pass 

upwardly along the inlet duct meet to form within the duct a 

temperature and density differential stratification layer 

between said steam and air or other gas, which layer inhibits 

the escape of steam from the enclosure and the entry of 

25 external air or other gas into the enclosure, by flow along 

the inlet duct, while permitting the conveyance of material 

along the inlet duct and through said stratification layer. 

The following is a more detailed description of 
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embodiments of the invention, by way of example, reference 

being made to the accompanying drawings in which: 

Figure 1 is a diagrammatic section through a basic 

form of continuous drying apparatus according to the 

5 invention, and 

Fiqures 2-7 are similar views of further for.ms of 

drying apparatus according to the invention. 

Ref erring to Figure 1, there is shown 

diagrammatically a ·sectional representation of a basic form 

10 of apparatus in accordance with the invention for drying moist 

materials of virtually any kind. The apparatus comprises a 

drying enclosure 10, an inlet duct 11 leading upwardly to the 

bottom of the enclosure 10 at one end thereof, and an outlet 

duct 12 leading downwardly away from the bottom of the 

15 opposite end of the enclosure 10. 

20 

An inlet conveyor 13 extends upwardly through the 

inlet duct 11, a drying conveyor i4 extends through the drying 

enclosure 10, and an outlet conveyor 15 extends downwardly 

through the outlet duct 12. 

The conveyors 13, 14 and 15 may be of • any form 

appropriate to the nature of the materials being conveyed. 

For example, if the materials to be dried are discrete 

articles they may be suspended from the conveyors, contained 

in pockets or other s~pports on the conveyors or displaced 

25 along the duct by elements on the conveyors. In the 

diagrammatic drawing the ducts 11 and i2, and conveyors 13 and 

15 are shown as being steeply inclined but they could instead 

be inclined at an angle which is sufficiently shallow for the 
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conveyor to provide an inclined surf ace on which the materials 

simply rest. 

The conveyors 13, 14 and 15 may comprise stretches 

of a single continuous conveyor system, or they may comprise 

5 separate conveyors, the arrangement being such that as an 

article reaches the end of one conveyor it is transferred to 

the beginning of the following conveyor. 

The bottoms .of the ducts 11 and 12 are open as 

indicated at 16 and 17 respectively and there are clearances 

10 between the conveyors, and the materials they carry, and the 

walls of the ducts 11 and 12. The materials may thus pass 

freely into and out of the enclosure 10 without having to pass 

through any mechanical barrier. Moist materials 18 on the 

inlet conveyor 13 are represented by the symbol "x", materials 

15 19 being conveyed within the enclosure 10 on the drying 

conveyor 14 are indicated by the symbol "*", and dried 

materials 20 passing downwardly along the outlet conveyor 15 

are represented by the symbol "o". 

The material 19 passing throug~ the drying enclosure 

2 o 10 is dried by the passage of superheated steam Dver the 

material while it is passing through the enclosure 10. The 

superheated steam may be generated from an external source and 

delivered into the enclosure 10 from that source, or it may 

be generated from the moisture in the material being dried as 

25 described, for example, in British Patent Specification 

No. 2209383 or as will be described in relation to further 

embodiments of the present invention. 

According to the present invention, due to the 

-: :.· ~~""""-
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disposition of the inlet duct 11 and outlet duct 12, 

superheated steam trying to escape from the enclosure 10 .must 

pass downwardly through the inlet and outlet ducts 11 and 12 • 

However, the superheated steam tending to pass downwardly 

5 along one of these ducts will meet external air or other gas 

passing upwardly along the duct, having entered at the lower 

open end thereof. 

air meet there 

Where the superheated steam and external 

is formed a substantially horizontal 

temperature and density differential stratification layer, as 

10 indicated diagrammatically at 21, which inhibits the escape 

of steam from the enclosure 10 and the entry of external air 

or gas into the enclosure, by flow along either duct, while 

allowing the conveyance of the material through the 

stratification layers. Materials to be dried may thus be 

15 passed continuously into and out the drying enclosure 10 

through what is, in effect, a non-mechanical substantially 

gas-tight seal which has no effect on the passage of the 

conveyors or material. 

Typically, where the ambient temperature is 25°C at 

20 70%: relative humidity, the stratification layei; 20 may 

comprise a steam;air mixture at a temperature of 100°c and a 

density of l.37m3/kg. Above the stratification layer may be 

pure steam at a temperature of 100°c and a density of 

1.67m3/kg, whereas below the stratification layer there may be 

25 air at 100°c and a density of 1.osm3/kg. 

Lower down each duct the air may have a temperature 

of 75°C and a density of i.oom3/kg whereas nearer the top of 
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each duct the steam may have a temperature of, say, 125°C and 

a density of 1.79m3/kg • 

The substantial difference in density between the 

air below the stratification layer and the steam above the 

5 layer gives rise to stability of the layer and resistance to 

·cross-diffusion of either of the two gases. In practice a 

thin stable horizontal layer of "cloud" can sometimes be seen 

~n the stratification layer, where the cooling effect of the 

ambient air lower down the inlet or outlet duct causes minute 

10 suspended water droplets to form in the layer. 

15 

As will be described in greater detail in relation 

to subsequent embodiments, a portion of the superheated steam 

may be discharged from the enclosure 10 through a vent duct 

22. 

In Figures 2-7 elements corresponding to elements 

in the embodiment of Fiqure 1 are given the same reference 

numerals for convenience. In the embodiment of Figure 2 the 

superheated steam which effects the drying of the material is 

wholly or partly generated from the moisture in the material 

20 19 which is, for the time being, on the drying 9onveyor 14 

within the enclosure 10. To this end there is provided within 

the enclosure 10 a heat source indicated diagrammatically at 

23 and a power driven fan 24 which circulates the gas within 

the enclosure 10 over the material 19 on the drying conveyor 

25 14 and across the heat source 23, as indicated by the arrows 

25. The heat source 23 may be of any suitable form, for 

example as described in the above-mentioned British Patent 

Specification No. 2209383, and instead of being located within 



-13-

the enclosure 10 itself, the heat source 23 and/or the ·fan 24 

may be located in chambers or ducts communicating with the 

~- interior of the enclosure 10. 

To start the drying process the air or other gas 

5 which initially fills the enclosure 10 is circulated past the 

heat source 23 and a first portion 19 of the material to be 

dried which is located within the enclosure 10. In this 

initial period the conveyors may be stationary. As the air 

or gas is recirculated it becomes heated and begins to 

10 generate steam within the enclosure 10 from the moisture in 

the material 19. As the heating and recirculation continues 

the steam generated from the moisture in the material becomes 

superheated. The vent duct 22 allows a portion of the 

generated steam to be discharged from the enclosure through 

15 an outlet 26. 

The conveyors are then started so that the dried 

material 19 passes on to the outlet conveyor 15 and further 

moist material passes on to the drying conveyor 14 from the 

inlet conveyor 13. The process then proceeds continuously, 

20 moist material being delivered from a bulk supply and passed 

up the inlet duct 11 while the dried material passes 

downwardly along the outlet duct 12 to an appropriate delivery 

station. 

The enclosure 10 and preferably at least the upper 

25 sections 27: and 28 of the ducts 11 and 12 are thermally 

insulated. As in the arrangement of Figure 1, the substantial 

gas-tightness of the enclosure 10 and the upper sections 27 

and 28 of the ducts is maintained by the horizontal 
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temperature and density differential stratification layers 21 

which are formed part-way along the ducts 11 and 12 by the 

differences in temperature and density between the superheated 

steam and the ambient air or other gas. 

The stratification layers 21 are located within the 

middle sections of the ducts 11 and 12 by locating the outlet 

26 from the vent duct 22 at an appropriate level, for example 

at the upper ends of lower sections 29 and 30 of the ducts 11 

and 12 respectively. 

As previously mentioned, in addition to the 

superheated steam generated from the moisture in the material 

being dried, part of the superheated steam within the 

enclosure 10 may also be produced externally, for example by 

a steam raising boiler (not shown), and injected through a 

15 pipe (also not shown) into the enclosure 10. By the use of 
5 

such an external source of steam displacement of the initial 

air or other gas from the enclosure 10 may be accelerated. 

Breaching of the barrier provided by the 

stratification layer-21 in the inlet duct 11, by diffusion of 

2 o external air or other gas . through the layer 21. may be 

inhibited by the downflow within the duct of steam which 

condenses on and so heats the material 18 being introduced 

upwardly through the duct. Breaching of the stratification 

layer 21 in the outlet duct 12 may be inhibited by downflow 

25 through the duct of a small volume of steam entrained within 

and around the materials being conveyed as dried materials 20 

down the duct 12, which small volume of steam is sufficient 

to prevent external air or other gas rising through the open 
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base 17 of the duct 12 and diffusing into the steam within the 

enclosure 10. To prevent the entrained steam emerging from 

4 the open base 17 of the duct 12 the lower section 30 of the 

duct may be left uninsulated so that its walls remain at or 

5 near ambient temperature and thus cause the entrained steam 

to condense on the inner surfaces of the walls. Sloping 

drainage runnels (not shown) may be provided in the lower end 

of the duct 12 to prevent the resulting condensate from 

dripping onto the dried material. 

10 In the embodiment of Figure 3, the heat source 23 

of the apparatus of Figure 2 is omitted, and the drying 

conveyor 31 on which the material 19 is conveyed through the 

enclosure 10 is itself heated. The conveyor 31 may either 

itself be directly heated, for example- by internal electric 

15 heating elements, or it may be heated by conduction and/or 

convection from another heat source (not shown) with which it 

is in close proximity or contact. In this case the 

circulation of superheated steam within the enclosure 10, and 

the initial circulation of the air or gas which initially 

20 fills the enclosure, may be effected by convection and/or an 

optional power driven fan 32 may be provided to effect forced 

circulation of the superheated steam, as indicated by the 

arrows 33. In addition to the heated conveyor one or more 

additional heat sources (not shown) may also be provided 

25 within the enclosure 10, or in communication with it. As in 

the previously described arrangements, superheated steam may 

also be supplied to the enclosure 10 from an external source. 

Figure 3 also shows an arrangement whereby at least 
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part of the thermal energy of a portion of the steam 

circulating in the enclosure 10 may be recovered for use. In 

this case there is provided in the vent duct 22 a condenser 

34 to condense out the steam escaping through the vent duct 

22. A heat exchanger (not shown) may be associated with the 

condenser 34 to transfer the recovered thermal energy to 

another medium so that it may be used for another purpose. 

Figure 4 shows an arrangement which is particularly 

suitable for use with materials which might be damaged by the 

10 condensation of additional moisture on them as they are fed 

to the drying location, and provides an arrangement whereby 

such condensation may be avoided. 

The arrangement of Figure 4 may incorporate any of 

the features described above in relation to Figures 1-3 and 

15 such features will not therefore be described again in detail. 

In the embodiment of Figure 4 there is connected to the vent 

duct 22 a further duct 35 incorporating an additional 

condenser 36. The condenser 36 is located within a chamber 

37 forming part of the lower portion 29 of the inlet duct 11 

20 so as to provide a heat source within that chamber •• In this 

arrangement the lower portion 29 of the inlet duct 11 may be 

vertically arranged as shown. A power driven fan 38 is also 

located within the chamber 37. 

Condensation of steam exhausted through the vent 

25 duct 22 and passing through the condenser 36 heats the air or 

other gas within the chamber 37 and the fan 38 recirculates 

the heated air, preferably horizontally, across the conveyor 

13 and moist material 18 as indicated by the arrows 39. The 
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heating of the moist material 18 passing upwardly through the 

lower portion of the inlet duct 11 prevents condensation of 

steam on the material 18 as it passes upwardly through the 

stratification layer 21 and into the upper portion 27 of the 

5 duct 11 and the enclosure 10. The preheating of the material 

18, as well as preventing condensation on it, also reduces the 

amount of necessary external heat input into the dryer and the 

time needed to dry the moist material as it passes through the 

enclosure 10. 

10 Following the additional condenser 36 the duct 35 

leads to upward and downward outlets 40 and 41 respectively. 

Thus any uncondensed steam flowing out of the condenser 36 

rises upwardly through the upward outlet 40 to the level of 

the outlet 26 from the first condenser 34 while condensate 

15 from the condenser 36 is trapped and discharged by gravity 

through the downward outlet 41. 

In a modified version of the arrangement shown in 

Figure 4, the further duct 35 may be connected to the outlet 

26 of the first condenser 34, instead of to the vent duct 22 

20 as shown. The two condensers 34 and 36 are then connected in 

series instead of in parallel, so that any uncondensed steam 

and all of the condensate flowing out of the outlet 26 from 

the first condenser is passed to the condenser 36. 

Figure 5 shows a modified version of the embodiment 

25 of Figure 4 where steam vented through the vent duct 22 is not 

passed to an external condenser 34 but is delivered to a 

condenser within the enclosure 10. 

In this arrangement steam discharged from the 
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enclosure 10 through the vent duct 22 is compressed by a 

compressor 42 so as to raise its saturation temperature to 

above that of the superheated steam in the enclosure 10 to 

enable at least part of the thermal energy of the steam to be 

recovered in a condenser 4 3 which is connected to the 

compressor 42 and located within the enclosure 10. The 

condenser 43 then serves as an additional heat source within 

the enclosure 10 thus contributing to the drying of the 

material 19 passing through the enclosure. Any steam and 

10 condensate discharged from the condenser 43 is delivered 

through a conduit 44 to a heat exchanger 45 located in a 

chamber 46 in the lower portion 29 of the inlet duct 11. 

The heat exchanger 45 serves to preheat the moist 

material 18 passing upwardly through the inlet duct 10, as 

15 described in relation to the condenser 36 of Figure 4. 

In the arrangement of Figure 5 it must be ensured 

that the quantity of steam drawn into the compressor 42 is not 

sufficient to cause external air or other gas to be drawn 

upwardly into the enclosure 10 through either-of the ducts 11 

20 or 12. 

This is achieved automatically if total heat use 

balances total thermal energy input. In this context total 

heat use comprises the heat used to generate steam from the 

moisture, together with that lost in the hot dried material, 

25 the condensate and any steam leaving the apparatus as well as 

that lost through the thermal insulation provided. The total 

thermal energy input comprises the heat output of the 

condenser 43, together with that of any other heat source and 
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of any fan within the enclosure 10, the heat exchanger 45 and 

any fan within the lower portion 29 of the inlet duct 11. 

... In this embodiment of the invention, if the said 

total heat use is significantly less than the said total 

5 thermal energy input, at least part of the compressed steam 

output may be piped out of the enclosure 10 to enable it to 

be used elsewhere as process steam, and automatic control 

means, for example a volumetric flow control valve, may be 

employed to restrict such use to ensure that the portion of 

10 steam withdrawn is not sufficient to cause external air or gas 

to be drawn into the enclosure upwardly through the ducts 11 

and 12. 

Again in this embodiment of the invention, if the 

said total heat use is more than the said total thermal energy 

15 input, one or more externally supplied heat sources may be 

provided to at least balance the excess, again to prevent 

external air or gas being drawn into the enclosure. 

An arrangement comprising the compressor 42 and 

condenser 43, as shown in Figure s, may also be employed in 

20 any of the other described embodiments of the invention, and 

such embodiments may also include an external condenser such 

as is indicated at 34 in Figure 3. 

- In all of the above-described arrangements separate 

inlet and outlet ducts 11 and 12 are provided. Figure 6 shows 

25 diagrammatically an alternative arrangement where a single 

common duct serves as both an inlet and outlet duct. 

Referring to Figure 6, the common duct 48 leads 

upwardly at an angle to one end of the enclosure 10 and 
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contains an upward moving inlet conveyor 49 spaced from a 

downwardly moving outlet conveyor so. 

At the upper end of the inlet conveyor 49 the moist 

material 18 is transferred to one stretch 51 of a drying 

conveyor extending through the enclosure 10. At the end of 

the stretch 51 of the conveyor the material passes on to a 

return ~tretch 52 of the drying conveyor from where it is 

delivered to the upper end of the downwardly moving outlet 

conveyor 50. As in the previously described arrangements the 

10 escape of steam from the enclosure 10 is prevented by the 

formation of a stratification layer 21 in the common duct 48. 

In Figure 6 the material 19 being dried within the 

enclosure 10 is shown as falling downwardly from the end of 

the upper stretch 51 of the drying conveyor on to the lower 

15 return stretch 52. However this is merely for the purposes 

of illustration, and it will be appreciated that the stretches 

51 and 52 may be continuous and may lie in the same plane. 

For example, the drying conveyor may be of generally u-shaped 

configuration. Similarly, although the inlet and outlet 

20 conveyors 49,50 are represented as being one above the other, 

they could equally well be disposed side-by-side within the 

common duct 48. 

Figure 6 shows a simple vent duct 22 corresponding 

to that of Figure 2, but it will be appreciated that any of 

25 the previously described condenser arrangements may also be 

provided. Indeed, any of the optional features described in 

relation to the embodiments of Figures 1-5 may also be applied 

to the embodiment of Figure 6. 
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If the moist material to be dried is in the form of 

a slurry, or other flowable material, it may be delivered to 

the drying enclosure 10 through a pipe, and in this case the 

inlet duct 11 of the previously described arrangements may be 

dispensed with. Such an arrangement is shown in Figure 7. 

This shows a horizontal pipe 53 communicating directly with 

the enclosure 10 so that moist material 18 delivered under 

pressure along the pipe 53 is passed directly on to the drying 

conveyor 14 within the enclosure 10. The discharge from the 

10 pipe 53 is preferably arranged so that the material is spread 

in the form of a shallow layer across the width of the 

conveyor 14. Other features of the enclosure 10 and of the 

outlet duct 12 and outlet conveyor 15 may be in accordance 

with any of the previously described embodiments. 

15 Since the inlet pipe 53 is completely filled with 

the slurry, it is effectively gas-tight so that escape of 

steam from the enclosure 10 through the pipe 53 is not 

possible. 

The pipe 53 may pass through an additional condenser 

20 (not shown) located either inside or outside the enc~osure 10, 

the condenser pre-heating the slurry so that no condensation 

of moisture on the slurry can occur as it is passed into the 

enclosure 10, thus reducing both the external thermal energy 

input and the time required for drying. The condenser for 

25 pre-heating the slurry may correspond to the condenser 36 of 

the Figure 4 arrangement and may be connected in similar 

fashion. 

In any of the described arrangements, baffles and/or 
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deflectors, as indicated for example at 47, may be provided 

within the enclosure 10 or within at least one of the inlet 

and outlet ducts 11 and 12, in order to equalise the pressure 

within the enclosure 10 above and within all of the upper 

5 sections of the ducts and so assist in preventing external air 

or qas beinq drawn upwards into either of the ducts. Such 

baffles and/or deflectors may also prevent turbulence of the 

superheated steam within the enclosure 10, or draughts in the 

external air or other qas, causinq destabilisation of the 

10 stratification layer 21 within the middle sections of the 

ducts. 

Any of the forms of apparatus according to the 

invention may include, preferably located in the top of the 

enclosure 10, an outlet (indicated at 60 in Fiqure 1) which, 

15 when opened, will allow any superheated steam contained within 

the enclosure 10 to escape through the outlet, external air 

or other qas then rising by convection through the ducts 11 

and 12 to replace the escaping steam, so that subsequent safe 

access to the enclosure 10 may be facilitated. 

20 In any of the above described arrangements, the 

internal constructional features of the enclosure 10, such as 

the drying conveyor 14, heat source 23 and fan 24, are 

preferably mounted on the base of the enclosure 10 and are 

accessible through access panels in the base. This enables 

25 the thermally insulated walls and top of the enclosure 10 to 

be made of lightweight materials and constructed in the form 

of a lid resting in gas-tight sealing manner on the perimeter 

of the base of the enclosure 10. Hydraulic or other lifting 
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apparatus may be provided to enable the lid to be lifted clear 

of the base to a height sufficient to provide easy access to 

~- all the internal constructional features of the enclosure. 

Any apparatus according to the invention may also 

5 include the provision of ionisation apparatus which can be 

applied to any or all of the steam within the enclosure 10, 

to the stratification layers 21, or to the external air or 

other gas within the lower sections of the inlet and outlet 

ducts. Such ·ionisation may increase the tendency of the steam 

10 and external air or other gas to remain separate at the level 

of the stratification layer 21. 

The conveyors conveying material through the inlet 

and outlet ducts and the enclosure 10 may comprise one or more 

endless band conveyors. In each case the return stretch of 

15 the endless band conveyor preferably passes through a 

thermally insulated tunnel so as to reduce heat losses from 

the structure. 

In an alternative construction the conveyors may 

comprise passive or mechanically rotated rollers over which 

20 the material to be dried may be drawn or conveyed th~ough the 

apparatus. Such an arrangement is particularly suitable where 

the materials are in sheet or flattened form. Such rollers 

may be heated so as to assist in the preheating and/or drying 

of the materials. 

25 In another embodiment any drying conveyor 14 for 

transporting materials through the enclosure 10 may comprise 

a rotatable sloping cylinder, which may have a perforated 

shell, so arranged that as the cylinder is rotated material 
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within the cylinder is tumbled along the length of the 

cylinder. Alternatively, any conveyor may comprise a sloping 

... vibrating platform or channel. In either case any conveyor 

may be heated so as to comprise a heated conveyor 31 described 

5 in the embodiment of Figure 3. 

Any inlet conveyor 13 may also be heated so as to 

pre-heat the moist material carried by it. 

In any apparatus according to the invention the 

dried material being conveyed down the outlet duct 12 may 

10 where advantageous be cooled when passing through the lower 

section 30 of the outlet duct, or subsequently thereto. 

Cooling may be effected by heat exchange with a cooling medium 

which may then be arranged to transfer its heat to moist 

material being delivered to the drying.enclosure. 

15 In any of the described arrangements the apparatus 

may be contained within a vacuum chambe~, in order to reduce 

the pressure and therefore the temperature at which steam is 

produced from the moist material. This enables material to 

be dried which cannot tolerate the temperature of superheated 

20 steam at atmospheric pressure, since the reduced. pressure 

within the vacuum chamber may reduce the temperature of the 

superheated steam to below 100°c. In such an apparatus, after 

reducing the pressure within the vacuum chamber to below 

atmospheric pressure by means of a vacuum pump, the low 

25 pressure may be maintained by causing successive portions of 

steam vented from the enclosure to be directly condensed into 

water which is thereby drawn upwards into and subsequently 

fills each of at least two additional small vacuum chambers 
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with said water. Thus, as a successive portion of steam 

vented from the enclosure 10 is released into a preceding 

~. small vacuum chamber, the water previously drawn upwards into 

said preceding vacuum chamber is released downwards and in its 

5 downwards descent may be used to provide motive power. Any 

small volume of incondensible gas remaining in any of the 

small vacuum chambers may be removed by means of a further 

small vacuum pump. 

In any of the arrangements according to the 

10 invention successive batches of different materials may be 

dried separately in the drying enclosure by allowing each 

batch completely to pass out of the enclosure before 

introducing another batch of a different material into the 

steam atmosphere left in the enclosure by the drying of the 

15 preceding batch. 
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CLAIMS 

1. Apparatus for continuous drying of moist materials 

~- in superheated steam comprising a drying enclosure, means for 

generating superheated steam at least partly to dry moist 

5 materials in said enclosure, an inlet duct and an outlet duct 

communicating with the enclosure, means for conveying material 

along said ducts to and from the enclosure respectively, at 

least said outlet duct extending downwardly from its 

communication with the enclosure and having an open end 

10 through which, in use, said material is conveyed out of the 

duct whereby, in use, steam tending to pass downwardly along 

said outlet duct and external air or other gas tending to pass 

upwardly along the outlet duct meet to form within the duct 

a temperature and density differential stratification layer. 

15 betwe~ said steam and air or other gas, which layer inhibits " . 
the escape of steam from the enclosure and the entry of said 

external air or other gas into the enclosure, by flow along 

the outlet duct, while permitting the conveyance of mate~ial 

.along the duct and through said stratification layer. 

20 2. Apparatus according to Claim 1, wherein said inlet 
\ 

duct also extends downwardly from its communication with the 

enclosure and has an open end through which, in use, said 

material is conveyed into the duct whereby, in use, a 

temperature and density differential stratification layer is 

25 also formed within the inlet duct between said steam and air 

or other gas, which layer inhibits the escape of steam from 

the enclosure and the entry of external air or other gas into 

the enclosure, by flow along the inlet duct, while permitting 
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the conveyance of material along the inlet duct and through 

said stratification layer. 

3. Apparatus according to Claim 2, wherein there is 

provided a single common duct which constitutes both said 

5- .inlet duct and said outlet duct. 

4. Apparatus according to Claim 1, wherein said inlet 

duct ·is, in use, substantially filled with material being 

conveyed along said duct, whereby said material itself forms 

a barrier to the escape of steam from the enclosure along the 

10 inlet duct. 

5. Apparatus according to any of Claims 1-4, wherein 

said means for generating superheated steam include a heat 

source and a fan device for circulating gas within the 

enclosure between the heat source and material to be dried in 

15 the enclosure, whereby said superheated steam is generated, 

at least in part, from moisture in said material. 

6. Apparatus according to any of Claims 1-5, wherein 

said means for generating superheated steam include external 

steam . generating means separate from the enclosure, and 

20 conduit means for delivering externally generated st~am to the 

enclosure. 

7. Apparatus according to any of Claims 1-6, wherein 

said means for conveying material along at least one of said 

inlet and outlet ducts comprise a conveyor structure which is 

25 bodily movable along the duct and on which said material is 

supported. 

s. Apparatus according to Claim 7, wherein said 

conveyor structure comprises a stretch of an endless band 
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conveyor. 

9. Apparatus accordinq to any of Claims 1-8, wherein 

there is provided in the enclosure conveying means to 

transport material throuqh the enclosure from the inlet duct 

5 to the outlet duct. 

10. Apparatus according to Claim 9, wherein said 

conveying means is heated so as to heat and assist in the 

drying of material supported thereby in the enclosure. 

11. Apparatus according to Claim 9 or Claim 10, wherein 

10 said conveying means for transporting material through the 

enclosure and said means for conveying material along at least 

one of said inlet and outlet ducts comprise portions of a 

single substantially continuous conveyor. 

12. Apparatus according to any of the preceding claims, 

15 wherein a portion of the outlet duct abqve the stratification 

layer is thermally insulated. and a port~on of the outlet duct 

below the stratification layer -is substantially uninsulated. 

13. Apparatus according to any of :the preceding claims, 

including a vent duct for venting a portion of the superheated 

20 steam from the enclosure. 

14. Apparatus according to Claim 13, wherein the vent 

duct has an outlet disposed substantially at the level of said 

stratification layer. 

15. Apparatus according to Claim 13 or Claim 14, wherein 

25 the vent duct includes a condenser to condense said portion 

of superheated steam vented from the enclosure, so as to 

recover thermal energy therefrom. 

16. Apparatus according to Claim 15, wherein said 



, 

---------------

111111111111111111111111111111 
* C L M S * 

-29-

condenser is located adjacent said inlet duct so as to pre-

heat, by heat exchange, moist material being conveyed along 

.. said inlet duct. 

17. Apparatus according to Claim 15, wherein said vent 

5 duct includes at least two condensers in series, one of said 

condensers being located adjacent said inlet duct. 

18. Apparatus according to Claim 16 or Claim 17, wherein 

fan means are provided to circulate heated gas between said 

condenser and said moist material being conveyed along the 

10 inlet duct. 

19. Apparatus according to Claim 2 and any of Claims 16 

to 18, wherein said condenser located adjacent said inlet duct 

is located adjacent a portion of the inlet duct below the said 

stratification layer. 

15 20. Apparatus according to any of Claims 13-19, wherein 

a compressor is provided in said vent duct to compress said 

portion of the superheated steam vented from the enclosure 

through the duct, and wherein compressed steam from the 

compressor is delivered to a condenser l:ocated within the 

20 enclosure so as to contribute to the heating of moist.material 

in the said enclosure. 

21. Apparatus according to any of the preceding claims 

wherein said apparatus is enclosed within a chamber having 

means for reducing the pressure in the chamber below 

25 atmospheric pressure, thereby to reduce the temperature of the 

superheated steam. 

22. Apparatus according to any of the preceding claims 

wherein the enclosure includes automatically controlled 
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discharge means for discharging excess steam from the 

enclosure for use elsewhere, said discharge means including 

~- a control device to restrict the discharge of steam from the 

enclosure to a quantity insufficient to allow external air or 

5 other gas to be drawn into the en·closure, through the 

aforesaid inlet and outlet ducts, to replace the discharged 

steam. 

23. Apparatus according to Claim 22, wherein said 

control device comprises a volumetric flow control valve. 

10 24. Apparatus according to any of the preceding claims 

wherein there is provided in the enclosure and/or in at least 

one of said inlet and outlet ducts, baffle and/or deflector 

means to tend to equalise the pressure within and above the 

upper section of said duct or ducts, to inhibit· entrainment 

15 of air or steam by the conveyance of material along the duct 

or ducts, and to confine within the enclosure the turbulence 

of the superheated steam which would otherwise tend to de­

stabilise said stratification layer. 

25. Apparatus according to any of tb:e preceding claims, 

20 including a closable outlet in the encl·osure w}\ereby the 

outlet, when opened, allows superheated steam in the enclosure 

to be displaced by external air or other gas passing into the 

enclosure through said inlet or outlet ducts. 

26. A method of continuous drying of moist materials in 

25 superheated steam in apparatus comprising a drying enclosure, 

means for generating superheated steam at least partly to dry 

moist materials inside the enclosure, an inlet duct and an 

outlet duct communicating with the enclosure, and means for 


