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British Patent Specification No. 2281383 describes an apparatus for continuous drying of

20  moist materials in superheated steam comprising a drying enclosure, open-ended inlet and
outlet ducts communicating with the enclosure and conveyors for conveying the material to
be dried along the inlet duct, through the enclosure and along the outlet duct. Superheated
steam is generated in the enclosure from the moisture in the material being dried by
circulating the initial gas within the enclosure between a heat source and the material,

25 and/or by the injection into the enclosure of superheated steam from an external source.
The inlet duct and outlet duct both extend downwardly from the enclosure and a vent duct
from the enclosure has an outlet normally at a level midway along the two ducts. In use,
superheated steam tending to pass downwardly along the ducts meets external air tending to
pass upwardly along the ducts and forms within each duct a steam/air temperature and

30 density differential stratification layer. These stratification layers act as barriers to the escape

of steam from the enclosure and/or entry of air into the enclosure while at the same time
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20  respectively through non-mechanical barriers which allow the free passage of the material

without any significant restraint, or through mechanical barriers in the form of doors able to
be closed in airtight manner, said non-mechanical or mechanical barriers providing
effectively substantially gas-tight seals to prevent the movement of superheated steam, hot
process gases or inert cooling gas from or between the drying, processing or cooling
25  enclosures, respectively, or the entry of air into said drying, processing and/or cooling
enclosures, in order first to dry the moist material in superheated steam, then to process the
dried material in hot process gases at a temperature higher than that required to dry it to
alter its physical properties and/or its chemical composition while recovering or combusting
components emitted from it as gases, and finally to cool the processed material’s solid
30  residues in an inert gas, preferably but not exclusively superheated steam, to a temperature
typically slightly above 100°C but in any event below that at which said residues could

ignite spontaneously on re-entering ambient air, or whereby said material to be processed is
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one processing enclosure is initiated by recirculating the ambient air atmosphere initially

contained in said at least one processing enclosure over a heat source by means of .a
recirculation fan and, once the temperature of the air in said at least one processing
enclosure exceeds 100°C, said air may be displaced and replaced either by an externally
25  provided inert gas atmosphere or, by temporarily venting some or all of the steam being
generated in the drying enclosure via a dampered duct into said at least one processing
enclosure instead of venting it into the said condensing or cooling means, by a superheated
steam atmosphere, whereby said ambient air atmosphere, said externally provided inert gas
atmosphere or said superheated steam atmosphere then contained in the at least one
30  processing enclosure is heated to a temperature above that at which drying in superheated
steam is proceeding in the said drying enclosure by recirculating it over said heat source and

through said at least one processing enclosure by means of said recirculation fan.
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recirculating the ambient air atmosphere initially contained in the cooling enclosure over
said heat source by means of a recirculation fan in order to heat it or, for example, by
heating said ambient air atmosphere by arranging for a portion of the flue gases emerging
from the said heat source to enter the cooling enclosure whereby, once the temperature of

25  the air or air with a portion of flue gas atmosphere in said cooling enclosure exceeds 100°C,
said ambient air or air with a portion of flue gas atmosphere may be displaced and replaced
by a superheated steam atmosphere by temporarily venting some or all of the additional
steam being generated in the drying enclosure via dampered duct means into said cooling
enclosure instead of venting it into said condensing or cooling means or, alternately, the said

30  ambient air atmosphere initially contained in the cooling enclosure may be displaced and

replaced by an externally provided inert gas atmosphere.
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When the said atmosphere in said cooling enclosure is an inert gas other than

superheated steam, as the said hot solid residues are transported through said cooling
enclosure’s inert gas atmosphere, said inert gas is recirculated by fan means through said
cooling enclosure and through said condensing or cooling means in which condensable
25  components in any further hot process gases generated from said solid residues are
condensed and the inert gas and any incondensable components in any said further hot
process gases cooled to slightly above 100°C, whereby on their return to said cooling
enclosure the thus cooled inert gas and any incondensable components in any said further
hot process gases in turn cool said hot solid residues before they are transported out of said

30  cooling enclosure into ambient air by said conveying means.
After completion of said initial warm-up period, said conveying means continue to

transport the moist material out of ambient air, upwards through a steam/air stratification
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gas in said cooling enclosure is maintained by heat transfer the sard
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that of anbitenthe adensitias ofprtheeshoyd BY0°Castdam, or process gases, or combustion gas,

superheated steam or other inert gas atmospheres respectively above the said stratification

layer seals being significantly less than that of ambient air, and the required above 100°C
drying and processing temperatures of said superheated steam in said drying enclosure and
25  of said hot process gases in said processing enclosure are maintained by continuing
separately to recirculate said superheated steam and said hot process gases over said at least
one heat source by said enclosures’ respective recirculation fan means, while the required
slightly above 100°C temperature of the said combustion gas, superheated steam or other
inert gas in said cooling enclosure is maintained by heat transfer from the said hot solid
30 residues being transported into and through said cooling enclosure, and the denser of said
superheated steam in said drying enclosure, said hot process gases in said processing

enclosure and said combustion gas, superheated steam or other inert gas in said cooling



steamair, hot process gas/air and conbustion gas, steamor other inert
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gases vented directly to said combustion means from said at least one processing enclosure

and/or the incondensible gases emerging from any of the said at least one condensing er

cooling means is more than sufficient to eliminate the use of said externally supplied fuel,

whereby the excess thermal energy may be capable of drying and, if required, torrefying

25  approximately twice as much wood as is processed to become charcoal in further drying,

processing and cooling apparatus similar to that hereinafter described, or of being used to

generate at least sufficient electrical energy to provide a portion of, all or more than the
electrical energy requirement of any said apparatus according to the invention.

An alternate form of apparatus according to the invention comprises at least one

30 drying, processing and cooling enclosure, each said drying, processing and cooling

enclosure having a recirculation path within which an indirect heater, a recirculation fan, at

least one container and an atomised water injection nozzle are located, whereby, in use, said
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combust or. A vent leads excess gases generated during the drying, cooling and processing

phases respectively out of each said at least one drying, processing and cooling enclosure to

atmosphere, either via a duct leading to atmosphere, or via a duct leading into and through

an optional condenser, preferably but not exclusively common to all of said at least one

25  drying, processing and cooling enclosures when more than one such enclosure is provided,

or via a duct leading into a combustor, also preferably but not exclusively common to all of

said at least one drying, processing and cooling enclosures when more than one such

enclosure is provided, and any incondensible gases passing through said optional condenser

may be ducted into said combustor, whereby, in use, atmospheric pressure is effectively

30  maintained in each said drying, processing and cooling enclosure and valve or damper

means direct said excess gases vented from each said drying, processing and cooling



By way of exanple, when the conbined duration of said drying and cooling
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are present in said excess gases then said excess gases are vented into said condenser to

enable said toxic emissions to be cooled and condensed and the condensate and any
incondensible gases emerging from said condenser to be de-toxified, whereby, as an
alternative to venting said excess gases containing toxic emissions into said condenser, said

25  excess gases may be vented into said combustor and said toxic emissions destroyed by
combusting them therein.

A further alternate form of apparatus for continuous processing of moist materials
according to the invention comprises a loading enclosure, a drying enclosure, at least one
processing enclosure, a cooling enclosure and an unloading enclosure, said loading

30  enclosure, drying enclosure, at least one processing enclosure, cooling enclosure and
unloading enclosure being separable from each other by means of preferably sliding, and

when closed airtight doors and said loading enclosure and said unloading enclosure being



Each said drying, processing and cooling enclosure has a separate

recircul ation path passing through it whereby, in use, individual
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The following is a more detailed description of embodiments of the invention, by
way of example, reference being made to the accompanying drawings in which:

20 Figure 1 is a plan view outline representation of a basic form of continuous drying,

processing and cooling apparatus according to the invention,

Figure 2 is a side view sectional representation of said basic form of continuous

drying, processing and cooling apparatus according to the invention,
Figures 3-6 are more detailed side view sectional representations of elements of the
25  said basic form of continuous drying, processing and cooling apparatus according to the
invention,
Figures 7-9 are end view sectional representations of the drying, processing and

cooling enclosures respectively,

Figure 10 is an end view section representation of an alternate form of the cooling

30  enclosure.

Figures 11 and 12 are side and plan view representations respectively of alternative

apparatus according to the invention, and



Referring to FIG 1, there is shown diagranmatically in plan view an
outline representation of an apparatus for continuous drying of noist

or gani ¢ maDesioadé44 N 5 super heated steam processing the acraBomtorial in
hot process gases and cooling its hot solid residues in an inert gas,
preferably but not exclusively superheated steam conprising a drying
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Specification No. 2281383, said recirculating superheated steam then completing the drying

of the material as described in Specification No. 2281383 before it is transported out of the

drying enclosure 1 and into the at least one processing enclosure 2 by the conveying means

4.2, whereby, in use, the additional steam generated from the moisture in said material is
25  vented, preferably but not exclusively into a condenser or cooler 5.1.

Before the dried material begins to be transported from the drying enclosure 1 into
the at least one processing enclosure 2 by the conveying means 4.2, warm-up of said at least
one processing enclosure 2 is initiated by recirculating the ambient air atmosphere initially
contained in said at least one processing enclosure 2 over at least one indirect heater 7 by

30 means of a not shown recirculation fan and, once the temperature of the air in said
processing enclosure 2 exceeds 100°C, said air may be displaced and replaced either by an

externally provided inert gas atmosphere or, by temporarily venting some or all of the steam



condenser or cooler 5.1, by a superheated steam at nosphere, whereby, in
use, said air, said externally provided inert gas atnosphere or said
super heatwo osemm at nosphere then 5 contained in said at [PeagiBoonet97
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whereby, in usé, once the tenperature of the air or air with a portion of
fl ue gas i n agaiodler 5.2 or, when said additional hot process gases are combustible, into a combustor

6, while any combustible incondensible gases which emerge from any said condenser or
cooler 5.2 are ducted into said combustor 6, and said at least one indirect heater 7 may be
heated by the combustion gases generated by the combustion of said additional hot process

25  gases and the said combustible incondensible gases in said combustor 6. |
Before the hot solid residues remaining after hot process gases have been generated
from said dried material begin to be transported from said at least one processing enclosure
2 into the cooling enclosure 3 by the conveying means 4.3, replacement of the ambient air
atmosphere initially contained in said cooling enclosure 3 may be carried out, either by
30  recirculating said ambient air atmosphere initially contained in said cooling enclosure 3 over
said at least one indirect heater 7 by means of a not shown recirculation fan in order to heat

it or, for example, by heating said ambient air atmosphere by arranging for a portion of the
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Into a components in any further hot process gases generated from said hot solid residues cooled
to slightly above 100°C, whereby, in use, on their return to said cooling enclosure 3, the
thus cooled combustion gas and any incondensible components in any said further hot
process gases generated from said hot solid residues in turn cool said hot solid residues
before they are transported out of said cooling enclosure 3 into ambient air by said
25  conveying means 4.4.

When the said atmosphere in said cooling enclosure 3 is superheated steam, as the
said hot solid residues are transported through said superheated steam atmosphere in said
cooling enclosure 3, said superheated steam is recirculated by a not shown recirculation fan
through said cooling enclosure 3 into which atomised cooling water is injected, preferably

30  into the eye of said not shown recirculation fan, at a rate sufficient to cool said superheated
steam to slightly above 100°C, whereby, in use, the additional steam generated in said

cooling enclosure 3 from said atomised cooling water and any further hot process gases



condenser or cooler 5.3 and said additional steam and any condensabl e
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turn cool said hot solid residues before they are transported out of said cooling enclosure 3

into ambient air by said conveying means 4.4.
After completion of said initial warm-up period, said conveying means 4.1 continue
to transport the moist material out of ambient air, upwards through a steam/air stratification
25 layer seal and into and through said superheated steam atmosphere in said drying enclosure
1, while said conveying means 4.2 continue to transport the dried material out of said
superheated steam atmosphere in said drying enclosure 1, downwards through a steam/air
stratification layer seal and through ambient air before transporting said dried material
upwards through a hot process gases/air stratification layer seal and into and through said
30 hot process gases atmosphere in said at least one processing enclosure 2, while said
conveying means 4.3 continue to transport the processed material’s then hot solid residues

out of said hot process gases atmosphere in said at least one processing enclosure 2,
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means of said not shown recirculation fans, and the slightly above 100°C temperature of the

said combustion gas, superheated steam or other inert gas in said cooling enclosure 3, which
is increased by heat transfer from said hot solid residues into the slightly above 100°C
superheated steam, or combustion gas or other inert gas atmosphere respectively in said
25  cooling enclosure 3 as said hot solid residues are being transported through said cooling
enclosure 3, is again reduced to slightly above 100°C as described by reference to FIG. 9
and FIG. 10 respectively, and the denser of said superheated steam in said drying enclosure
1, said hot process gases in said processing enclosure 2 and said combustion gas,
superheated steam or other inert gas in said cooling enclosure 3, all having differing
30 densities below that of ambient air, are prevented by said steam/air, hot process gases/air

and combustion gas, steam or other inert gas/air stratification layer seals from passing
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upwar ds Johr ufiGsphédetht it lbdde, ®48ihg hpwardly into the drying enclosure 10 at one end thereof, an
outlet duct 14 leading downwardly away from the opposite end of said drying enclosure 10,

a transfer duct 15 with at least one not shown opening to atmosphere, an inlet duct 16
leading upwardly from said transfer duct 15 into the processing enclosure 11 at one end
thereof, an outlet duct 17 leading downwardly away from the opposite end of said
25  processing enclosure 11, a transfer duct 18 with at least one not shown opening to
atmosphere, an inlet duct 19 leading upwardly from said transfer duct 18 into the cooling
enclosure 12 at one end thereof and an outlet duct 20, open to atmosphere at its base,
leading downwardly away from the opposite end of said cooling enclosure 12, said transfer
duct 15 being joined in airtight manner to said ducts 14 and 16 and said transfer duct 18
30 being joined in airtight manner to said ducts 17 and 19, whereby, in use, due to the bases of

both said inlet duct 13 and said outlet duct 20 being open to atmosphere and said transfer



5 and through said drying enclosure 10, then downwards, then preferably but
not exclusively horizontally and then upwards through said ducts 14, 15 and
16 respecwDwalbyeand t hrough said processi ng encl osure 11pcCriaBozdosnwar ds,
then preferably but not exclusively horizontally and then upwards through
said ducts 17, 18 and 19 respectively and through said cooling enclosure
12 and finally downwards through said outl®t duct 20. 10 After the said

initial war ' ' ' b [ ohfaizedl innsaid
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enclosure 12 said solid residues are passing either through combustion gas, superheated
steam or other inert gas, whereas, when said material is below said levels 22.1 and 22.2 of
said effectively substantially gas-tight steam/air or hot process gases/air stratification layer
seals across said ducts 13, 14, 16 and 17 respectively, and when said solid residues are
25  below said level 22.3 of the said effectively substantially gas-tight combustion gas/air,
steam/air or inert gas/air stratification layer seals across said ducts 19 and 20 respectively,
said material and said solid residues are passing from, through or into ambient air, whereby,
in use, said ambient air in said ducts 13 and 14 may contain a small proportion of steam,
said ambient air in ducts 16 and 17 may contain a small proportion of process gases and said
30  ambient air in ducts 19 and 20 may contain a small proportion of process gases, combustion

gas, steam and/or inert gas, and said levels 22.1 and 22.2 of said effectively substantially

gas-tight steam/air or hot process gases/air stratification layer seals across said ducts 13, 14,



5 processing enclosure | ocated between said enclosures 11 and 12, any such
additional enclosure being Iinked by further ducts corresponding to said
ducts 17,wOR3amd449 to said enclosures 11 and 12. \Wen t IReTa&BIg/ 00192 OF
nore additional processing enclosure, said further ducts corresponding to
said ducts 17, 18 and 19 are provided to link the then two or nore 10
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20 showing an inlet duct 13 communicating with and joined in airtight manner to said drying

enclosure 10, conveying means 21 passing through said inlet duct 13 and through said

drying enclosure 10 respectively and the level 22.1 of said steam/air stratification layer seal
across said inlet duct 13.

Moist material 23 is transported upwards through said inlet duct 13 by said

25  conveying means 21 and enters the superheated steam atmosphere in said drying enclosure

10 as it is conveyed to above said level 22.1 of the steam/air stratification layer seal, said

level 22.1 being dictated as described in said Specification No. 2281383 by the level of a

condenser 25 which receives the additional steam generated by the drying process taking

place in said drying enclosure 10 through a vent 24 and converts it to condensate which is

30  then recovered through the condensate drain 26, whereby, in use, said additional steam

received by said condenser 25 is kept at atmospheric pressure by means of a vent 27

through which any incondensible gases vented from the dryer with said additional steam



5 through and out of said condenser 25. To prevent any steam or other gases
whi ch may descend fromsaid drying enclosure 10 through said inlet duct 13
to bel ow weaiodoleyel 22.1 of said steamlair stratificati onPCayGao2/o0smal
across said inlet duct 13 energing to atnosphere through the open base 28
of said inlet duct 13, a portion of the conbustion air required by the
combustor 6 shown in FIG 1 is 10 drawn umjvards t hrough sai d open base 28

of said inl cl.q1 e e
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fromsaid processing enclosure 11 through sal duct 1
| evel 22.2 @9, a;t;mfemiucpii)cmugmta@ with asd Jcnnadfmaatlglnnndmyleuo sagladutiet dods
h said transfer duct 15 and said inlet
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i's drawsy Upwahdad Hmed 4 aiftiptR T nRBH to?h brétdlding Sefdsuredt 1L part of the material inlet

end of said processing enclosure 11 being shown, conveying means 21 passing through said

ducts 14, 15 and 16, and levels 22.1 and 22.2 of the steam/air and hot process gases/air
stratification layer seals across said outlet duct 14 and said inlet duct 16 respectively, all
generally as described by reference to Fig. 2, and dried material 23 being conveyed by said

25  conveying means 21 from said drying enclosure 10, through said ducts 14, 15 and 16 into
said processing enclosure 11.

To ensure that atmospheric pressure is maintained in said outlet duct 14, transfer
duct 15 and inlet duct 16 and that air is present in them below the level of said stratification
layer seals 22.1 and 22.2, and to prevent any steam or other gases which may descend from

30  the drying enclosure 10 through said outlet duct 14 to below said level 22.1 of the steam/air
stratification layer seal across said outlet duct 14 passing through said transfer duct 15 and

said inlet duct 16 into said processing enclosure 11, and to prevent any hot process gases



5 passes upwards across said transfer duct 15 and through said conveying
means 21 and said hot dried material 23 being transported by said

conveyi ngwowansié24, by upwards convection into an exhausPCuGR280197 eadi ng
into said conbustor shown as 6 in FIG 1 at said |level 22.2, whereby, in
use, any steam or other gases which may descend from said drying encl osure
10 through said outlet duct 14 into sai @transfer duct 15 and any hot
process ga ' s@rePr10gesphngideintet 0$are tdbelow
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t hrough a vent 32 shown | eadin ) ) . .
said inlet duct 16 respectively, or by tending to close said damper 31 if the temperature in

said exhaust duct 30 either falls, indicating that more air than is necessary is entering said
ambient air entry duct 29.1 and passing upwards across said transfer duct 15 and through
said conveying means 21 and said hot dried material 23 being transported by said conveying
25 means 21, by upwards convection through said exhaust duct 30 leading said further portion
of the combustion air to said combustor 6, or rises excessively, indicating that unwanted
ignition of said hot dry material 23 is beginning to take place and requiring the fire to be
extinguished by reducing the amount of air entering said ambient air entry duct 29.1,
whereby, in use, the volume of air entering said ambient air entry duct 29.1 is sufficient, but
30  not more than sufficient to entrain any hot gases which may be emitted from said dried

material 23, any steam or other gases which might descend from said drying enclosure 10



downwardly from said processing enclosure 11 towards said |evel 22.2 of the
hot process gases/air stratification |ayer seal across said inlet duct 16,
wher eby, W0 oaseis4then comercially viable, condensabl e cecp@BROs9TN sai d
addi ti onal hot process gases generated fromsaid hot dry material 23
emtted through said vent 32 while said hot dry material 23 is 10 being
processed in said processing enclosure 112lare condensed in a condenser 33
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encl osure 12, part e input end of said cooling enclosure 12 being
shown, conweyossgaididetsiu2tll€onveyi ng hot solid residues 23.1 fromsaid

Droressi 10 ol 041, Lo 1 S, Sk o nB RSO B o
gases/ aij, anfle GORRYREIrMiod 38R dpparahs Bevideh s8il dryifig EnclidGfei 0 and said processing
enclosure 11 will apply except that, instead of a steam/air there will be a hot process
gases/air stratification layer seal at a level corresponding to said level 22.2 across the outlet
duct from any preceding processing enclosure and instead of steam or other gases it will be
hot process gases which might descend through said outlet duct from each preceding
25  processing enclosure to below said level 22.2, while instead of hot dry material, processed
material will be passing through the outlet, transfer and inlet ducts located between each
preceding and each successive processing enclosure.
Referring to FIG. 5, there is shown diagrammatically a side view sectional
representation of part of the material outlet end of the last of the one or more said
30  processing enclosures 11, showing an outlet duct 17 communicating with and joined in
airtight manner to said last processing enclosure 11, a transfer duct 18 communicating with

and joined in airtight manner to said outlet duct 17 and communicating with and joined in



stratification |layer seals across said outlet duct 17 and said inlet duct
19 respectively, all generally as described by reference to Fig. 2, and
hot sol i owpesiotses 23. 1 of the processed naterial being ecmGBeedi4dy said
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17, 18 and 19 into said cooling enclosure 12. 10 To ensure that atnospheric
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passes upwards across said transfer duct 18 and through said conveying means 21 and said

hot solid residues 23.1 being transported by said conveying means 21, by upwards
convection into said exhaust duct 30.1 leading to the combustor shown as 6 in FIG. 1,
whereby, in use, any hot process gases which may descend from said processing enclosure
25 11 through said duct 17 into said transfer duct 18 and any combustion gas, steam or other
inert cooling gas which may descend from said cooling enclosure 12 through said duct 19
into said transfer duct 18, together with any hot process gases which may be emitted from
said hot solid residues 23.1 while said hot solid residues are below the levels 22.3 and 22.4
of the said stratification layer seals, are entraining with said further portion of combustion
30  air and ducted through said exhaust duct 30 into said combustor 6 at said level 22.3 of said

hot process gases/air stratification layer seal across the said inlet duct 16.



novi ng downwar ds through said outlet duct 17 and/or said inlet duct 19
respectively, or by tending to close said danper 31.1 if the tenperature
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of said hot solid residues 23.1, through said exhaust duct 30.1 and into said combustor 6.
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Referring again to FIG. 5, when the atmosphere contained in said cooling enclosure

12 is combustion gas or other inert gas, if any additional hot process gases are generated

from said hot solid residues 23.1 as they are cooled during their passage through said

25  combustion gas or other inert cooling gas atmosphere contained in said cooling enclosure
12, a portion of any such additional hot process gases together with a portion of said
cooling enclosure 12’s combustion gas or other inert cooling gas atmosphere is emitted as a
gaseous mixture through a vent 32.1 shown leading downwardly from said cooling
enclosure 12 towards said level 22.4 of a combustion gas or other inert cooling gas/air

30  stratification layer seal across said inlet duct 19, whereby, in use, any volume of said
gaseous mixture emitted through said vent 32.1 equates to that of any said additional hot

process gases generated from said hot solid residues 23.1.



condenser or cooler 33.1, drain 34.1 and vent 35.1 may be omtted fromsaid
apparatus and any said volune of said gaseous m xture emtted through said
vent 32. Iwoag/oidsen be vented directly into said conmbust oPCE/GRO29a19d | evel
22.4 of said cooling gas/air stratification |ayer 10 seal across said inlet
duct 19, whereby, in use, if any additional process gases are generated
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drain 34.1, awlidreasig\progorioneniaid het s$@dsgs.portion of any such
addi tional hot process gases emtted through said vent 32.1 which are
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generated from said hot solid residues 23.1 while said hot solid residues
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when in2pr agéfereficd REFEG 9anBQ 1$drllbn bf 8@Nduch QBGEBRA hot process gases are emitted as a
gaseous mixture through said vent 32.1 shown leading downwardly from said cooling
enclosure 12 towards said level 22.4 of a steam/air stratification layer seal across said inlet
duct 19, whereby, in use, the volume of said gaseous mixture emitted through said vent
32.1 equates to that of said additional steam generated from the atomised water injected
25  into said cooling enclosure 12 together with that of said portion of any such additional hot
process gases generated from said hot solid residues 23.1.

Said additional steam together with any components in said portion of any such
additional hot process gases emitted through said vent 32.1 which are condensable at or
below 100°C may then be condensed in said condenser or cooler 33.1 and the condensate

30  recovered as it emerges through a drain 34.1, while any components in any said portion of
any such additional hot process gases emitted through said vent 32.1 which are

incondensible at or below 100°C may then be vented through said vent 35.1 into said



for steamor other gases to pass fromsaid drying enclosure 10 through said
ducts 14, 15 and 16 respectively into said processing enclosure 11, or for
hot procewe ogaswss t o pass from said processing encl osur e PCI/GBoRIoet97t hr ough
said ducts 16, 15 and 14 respectively into said 10 drying enclosure 10 or

t hrough said ducts 17, 18 and 19 respectiyvely into said cooling enclosure
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solid residu 3.2 are conveyed downwards through said outlet duct 20 b
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20, ener gi nGUets 152098 AR pspeetyely Y b f*base 28.1 of said outlet duct
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20  representation of part of the solid residues outlet end of the cooling enclosure 12 included in
FIG. 2 showing an outlet duct 20 communicating with and joined in airtight manner to said
cooling enclosure 12, conveying means 21 passing through said cooling enclosure 12 and
conveying cooled solid residues 23.2 downwardly through said outlet duct 20 and into
ambient air, and the level 22.4 of the steam/air or other inert gas/air stratification layer seal
25  across said outlet duct 20.

Cooled solid residues 23.2 are conveyed downwards through said outlet duct 20 by
said conveying means 21 and leave the combustion gas, superheated steam or other inert
gas atmosphere in said cooling enclosure 12 as said cooled solid residues 23.2 move to
below said level 22.4 of said combustion gas, steam or other inert gas/air stratification layer

30  seal whereby, in use, said level 22.4 is dictated by the level of the condenser or cooler 33.1

shown in, and described by reference to, FIG. 5.



sai d open base 28.1 of said outlet duct 20 and |eaves it through a vent
29.3 leading to said conbustor 6, whereby, in use, any such conbustion
gas, steawpms/ootsher inert gas and any 10 said additional Rotr/gBooOE®3: gases
whi ch m ght descend through said outlet duct 20 are entrained with said
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reference to FIG 4, additional hot process gases and/or their )

i ncondensi bIVeNcEhp 8ré Hiesregrastiyaprogedurcsassoaiated waihehem seayshs omjttedcvisehye il 1

oot Conet e, AL TRIARAGE P bE S Sol A pceing!dhG coBHg afparatusfociRlish ™
20 to the invention may be simplified.

o

Referring to FIG. 7, there is shown diagrammatically an end view sectional
representation of the drying enclosure 10 containing, as the drying medium, an above 100°C
superheated steam atmosphere created as described by reference to Fig. 1.

Material 23 is conveyed through said drying enclosure 10 by conveying means 21 and dried
25  in said superheated steam atmosphere in said drying enclosure 10 by recirculating said
above 100°C superheated steam atmosphere over at least one indirect heater 7 (first
mentioned by reference to FIG. 1) and through said material 23, as indicated by arrows
within said drying enclosure 10, by means of a recirculation fan 36, whereby, in use, said at
least one indirect heater 7 is heated by a portion of the hot combustion gases produced (as
30  described hereafter) in the combustion chamber 37 of a combustor 6 (also first mentioned
by reference to FIG. 1) being drawn from said combustion chamber 37 through an entry

duct 38, said at least one indirect heater 7 and an exhaust duct 39, preferably but not



11's hot process gases/air stratification |ayer seal. Said additional hot
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entering through said open base 43 of said combustor 6, above said damper 42 and below a

grate 45. The resulting gaseous mixture then convects upwards through said grate 45 and

into said combustion chamber 37 within which it is ignited and said hot combustion gases

produced, whereby, in use, a damper 46 in said combustion air entry duct 44 limits the

25  amount of said additional combustion air entering said combustion air entry duct 44 to that

required, with said portion and further portions or portion of combustion air, for efficient

combustion of said additional hot gases and/or their incondensible components and of any
combustible components in said other gas.

A further portion of said hot combustion gases produced in said combustion

30  chamber 37 may be drawn into and through one or more further entry ducts 38.1 leading to

further, not shown apparatus in which the thermal energy in said further portion of said hot

combustion gases may be employed, whereby, in use, the required drawing of said portion



conbustion air entry duct 44 and/or of a fan indicated by 49 which may be

| ocated in said stack 47. 10 Referring to FIG 8, there is shown

di agr ammewpD@alol464en end vi ew sectional representation of PATRICAEST NG

encl osure 11 containing, as the processing nedium a hot process gases

at nosphere created as described by reference to Fig. 1. Dried material 23

I s conveyed through said processing enclogire 11 by conveying neans 21 and
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to FIG 9, ichbabsstion Shemry dlichgn amtir iof al thiy indicatsdchyv4®whith Ghdytbelocat@®in said
represéntation of a cooling enclosure 12 containing, as the cooling nmedium
a slightly awekd7. 100C super heat ed steam at nosphere created as descri bed by

referen to Fig. . ho obi 4, resi d 23 ransported.t hro
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residues 23.1 as indicated by arrows shown within said I ng encl osure
12 by neans peocess gases ategbpheroerestadh asdescribrskyplesenseitmbigs di d hot solid
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20  enclosure shown as 10 in FIG. 7, said dried material 23 is processed and, as described in

detail by reference to FIG. 4, additional hot process gases generated in said processing
enclosure 11 are vented at atmospheric pressure from said processing enclosure 11 towards
or at the level 22.2 of a hot process gases/air stratification layer seal.

Referring to FIG. 9, there is shown diagrammatically an end view sectional

25  representation of a cooling enclosure 12 containing, as the cooling medium, a slightly above
100°C superheated steam atmosphere created as described by reference to Fig. 1.

As hot solid residues 23.1 are transported through said cooling enclosure 12 by
conveying means 21, said slightly above 100°C superheated steam atmosphere is
recirculated through said hot solid residues 23.1 as indicated by arrows shown within said

30  cooling enclosure 12 by means of a recirculation fan 51, thereby cooling said hot solid
residues 23.1 to slightly above 100°C and heating said superheated steam atmosphere by

transfer of thermal energy from said hot solid residues 23.1, whereby, in use, said



the level 22.4 of a steamair stratification |ayer seal. Referring to FIG
10, there is shown diagrammtically an end view sectional 10
repr esentwoiogniwii4 a cool i ng encl osure 12 contai ni ng, as tRE€TEGBIRIONMY7 Medi um
a slightly above 100C conbustion gas or another inert gas atnosphere
created as described by reference to Fig. 1. As hot solid residues 23.1
are transported through said cooling encl@gure 12 by conveying neans 21,
sai d slightlsypabenel 3Qa isapiinTobld tgagighily abdier100P€ My e Scontkblledl fes ke be
is recirculated through said hot solid residues 23.1 as indicated by arrows
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cooler 54 via an entry duct 55 and an éexit duct 56, and, as described in

detail by r diedees)@e 4 amtem/gr staatifishiorelapér Sgds equi val ent to that of any
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any said cogyeﬁlng means 21 descending through the outlet duct 14, 17 or 20
of any of s 30 drying, processing and cooling enclosures 10, 11 and 12
respectively may Aaeh@&dolill Gdsididest 7521 HR %&h@ort@&'tl%%u s§i‘a c&?ﬂlﬁ €Adl6§iro 12 by
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side view sectional representation of an alternate apparatus’according to
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atom sed water |njection
20  slightly above 100°C by passage over a cooler 54 before said combustion gas or other inert

gas atmosphere is again recirculated through said hot solid residues 23.1, said cooler 54 is
kept cool by passage of a cooling medium, preferably but not exclusively air or water, into,
through and out of said cooler 54 via an entry duct 55 and an exit duct 56, and, as described
in detail by reference to FIG. 5, a volume of gas equivalent to that of any gases which may
25 be emitted from said hot solid residues during their passage through said cooling enclosure
12 is vented at atmospheric pressure into a condenser or cooler 33.1 located at the level
22.4 of a combustion gas or other inert gas/air stratification layer seal.
In any embodiment of the present invention described by reference to FIG’s 1 to 10
any said conveying means 21 descending through the outlet duct 14, 17 or 20 of any of said
30  drying, processing and cooling enclosures 10, 11 and 12 respectively may be omitted if the
material being dried, processed or cooled can without damage be allowed to slide or fall out

of such enclosure through any said outlet duct 14, 17 or 20 either onto conveying means 21



nozzle 65 are located, said injection nozzle 65 being able, for exanple, to
direct atom sed water preferably but not exclusively into the eye of said
recircul awpon/oismm 63, whereby, in 10 use, said at |east omeTmGBWRAI4Yr 64 iS
| oaded with noist material and inserted into said drying, processing and
cooling encl osure 60 through a not shown access door which is then closed
in airtight manner. Said noist nmaterial i8 then dried and processed and its
sol i d resi fuardCRAlRtoM bf iR rhRRkT dilald Do 18d G oot ed
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comence. A C ses. geher dur i he dryi . ,coal i ng
and pr ocess oiities EOuREB irf KERER ARG ST HRhE hrtHlenlid el PiobeBnig g
cool i ng enchrsdabintérdbowadssst, thenaledifeulabing 4atPricesé bassdihdifecty hagédtoSahidher
excess gases either via a duct 67 leading directly to atnosphere in not
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excess gases, either via said duct 67 indirectly to atnosphere through
solid residues, into and out of a cooling enclosure 3 as described by reference to FIG. 1, the

drying, processing and cooling phases take place sequentially within said drying, processing

and cooling enclosure 60 from which, when the cooling phase is complete, said not shown

access door is opened, said at least one container 64 and said solid residues contained in it

25 are removed from said drying, processing and cooling enclosure 60 and replaced by a

further at least one container 64 loaded with moist material inserted into said drylng,

processing and cooling enclosure 60 through said not shown access door which is then
closed in airtight manner, enabling the next drying phase to commence.

A vent 66 leads excess gases generated during the drying, cooling and processing

30  phases respectively out of said drying, processing and cooling enclosure 60 towards a valve

or damper 71, which directs said excess gases either via a duct 67 leading directly to

atmosphere in not shown manner or into and through an optional condenser 68, or via a



sai d optional condenser 68 or via said duct 69 through said conbustor 70.
Referring to FIG 12, there is shown diagrammtically a plan view

repr esentwoiooniwii4a 10 a form of said alternative apparat upCaBIRai4g to t he
i nvention conprising, by way of exanple when the conbined duration of said
drying and cooling phases is less than three tinmes as long as the duration
of the generation of excess process gases 3ﬁrom said dried naterial during
sai d processhRg sphastime ﬂhwandiwb@ a BEEGRER! ’ﬂﬂle@dlﬂg/?&@t!rﬁ&gh@re%ﬂér%ﬁ% ase, 1.
60.2, 60.3 and 60.4 with access doors /2.1, 72 2.3 and 72.4

respect i vel yatmbbphetio presstfe ¢4 effectiviely mamta.ngddt imraaid edryage momiingchnd eamiting f
said four dryi processing and .coolin cl osures 60. 60. 3 and
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provi de at | gé re t
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toxic em ssi6ing 6% and G0.prithentessidoRe 7RI CEES, UAS end R ka&bediveaRthbkety e
(as descri bed bel ow) during the drylc?eg and cooling phases, said excess

gases mal eiclosed i airtighi: wanner age prdvided, sachoefpseid fous dryin ,opiémesmg@@ﬂméngl
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present in sal excess’ gases hen sal XCesSs gas S are v

condenser 68n tuse, myadeqﬁemaﬂ;d stafdigahe divisd ptdse iedeh of 64id!fosk @fbsaREENS 60, zan d
the condensate and any i ncondensi bl e gases emarg%/ P fromsaid condenser 68
0

ducted throfp andiGe mespegtigely eviagxless tan tyleih 8aid nembined rdvaatiopeot gnids

d
56, sard ox rhE SS cABRAZRARES BAT Aol s WEMORS of B bR il SRR
en ssi on® deabdsdy@nl shid drizditeidl Haribd @i proedssing phases taking place in at least two of

said enclosures 60.1, 60.2, 60.3 and 60.4 overlap, thus ensuring that said excess process

gases, when combustible, can be vented continuously into a preferably but not exclusively
common combustor 70 in which said excess process gases can be continuously and cleanly
combusted and from which the continuously produced combustion gases can be ducted
25  through a duct 74, either through at least two not shown indirect heaters, one such indirect
heater being located in each of said enclosures 60.1, 60.2, 60.3 and 60.4, to provide at least
some of the thermal energy required by the drying and processing phases taking place
sequentially in at least two of said enclosures 60.1, 60.2, 60.3 and 60.4 or, if not so
required, either to provide at least some of the thermal energy required by an external
30 process or to atmosphere, while, as described by reference to FIG. 11, if toxic emissions are
not present in the excess gases generated and vented (as described below) during the drying

and cooling phases, said excess gases may either be vented directly to atmosphere or into an



Vents 66.1, 66.2, 66.3 and 66.4 respectively | ead excess gases generated
during the drying, processing and cooling phases respectively out of said
dryi ng, pwowmassiomg and 10 cooling enclosures 60.1, 60.2, PER/GB0960. 4
respectively via ducts 67.1, 67.2, 67.3 and 67.4 respectively either in not
shown manner directly to atnosphere or into said optional comobn condenser
68 from whi ch the condensate and any i ncodlensi bl e gases energing from
sai d condenggt : e j : :

59, 3 and 6o o PLoRhRoR ¥onEsel 0 RaPiF oLl Ehickine B pit@n S e mafBafen e
conmbusti on gdescas @ads atelcendd tiltbosaghcanddnset 68340 enhile ahid, toikit disigsionsajoVies
or danpers 71.1, 71.2, 71.3 and 71.4 respectively direct excess gases
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excess process gases vented during their 20 respective processing phases
from sai d dg3sehdnaspbeceenisd inta nwid sembugor e sxupdd tepiclemisgons degtpysd hyd

60.4 via saj : .2, 69.3 and 69.4 respectively into said common
conbust or 76&%&??1}%%6&l§rgegt?n to FIG 12, by way of exanple and on the
basis that the s¥egmemeel 665X B6!3 4idl 65 4 BRpCtiNEW16hd)ExOs RAKS Eehdtatedidirifs Yiend,
processing and cooling enclosures 60.1, 25 60.2, 60.3 and 60.4 )

respect i vel §rying, ipjogessieg wadoeanding t phasesefespestively | il ofssaid sliiag, prigsessingsand

cecond AS C4RE PGBSfres B 08 U6 6P o BufesBy TRLOGH Badn 872 513 00g,
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fromthemto atnosphere via the said ducts 67.1 and 67.2 respectively and
sai d opt i onetm@emeondenserdeh Siom vdichahp condensite gnglany éncondeniblengpses emerging 30
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is taking place in said enclosure 60.4 and its said valve WO 03/014644
PCT/ GB027 01dgrted ggough gaiwple4,7whereby ipaise, tvabise @r tdemperselt 1t He, slck esd Jades
bei ng vented from.i 0 at nosphere ia the gai.d duct 67.4 and.sai d

t,. 1
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danper 71.2 is adjusted to close the entry to Sard duct .2 and open
the entry t67-3a6H2,073 and 62 4anspectielpleadiag sithey iphetsshown nwaine teratosplere G0. 2

and the venting.of excess proces ases fromsaid enclosure 60.2 into _said

combustor - 78t T ol EmoB§oRdkuehiin b Tt HEEHH BT oE R e dERed HE B itk

taking pg acRspértiv@iploRBsih® pHERs from said drying, processing and cooling enclosures 60.1,
60.2, 60.3 and 60.4 via said ducts 69.1, 69.2, 69.3 and 69.4 respectively into said common

combustor 70.
Referring again to FIG. 12, by way of example and on the basis that the sequenced
starting of each new drying phase in said drying, processing and cooling enclosures 60.1,
25 60.2, 60.3 and 60.4 respectively is in reverse order to their numerical sequence, the first half
of a drying phase is taking place in said enclosure 60.1 and the second half in said enclosure
60.2, their said valves or dampers 71.1 and 71.2 respectively being positioned to direct the
excess gases being vented from them to atmosphere via the said ducts 67.1 and 67.2
respectively and said optional common condenser 68, a processing phase is taking place in
30  said enclosure 60.3 and its said valve or damper 71.3 is positioned to direct the said excess
process gases being vented from it to atmosphere via the said duct 69.3 and said common

combustor 70, and a cooling phase is taking place in said enclosure 60.4 and its said valve



60. 3 and the cooling phase taking place in said enclosure 60.4 have both
been conpleted, the injection of atom sed water into said enclosure 60.4
ceases, iwemot46¢hown recirculation 10 fan is turned of f @d/GBv/01497ect i on
of atom sed water into said enclosure 60.3 comences to initiate said

encl osure 60.3"'s cooling phase, while the first half of the drying phase
taking place in enclosure 60.1 becones tB® second half of the drying
phase. Sai d : A i: . Lher
P sai d onciobiarper H0P fesifbnkd 16 Rl Uc BRERFEuat Rt Rnuc RS PROGRRLY
and r epl acedidxhe sdid deetsi7 varl eahé@ionsl condbord eadenkensd.h noi st material and
sai d access door _72.4 is closed, faollowing which a new first half of a

dryi ng phase co the; seoand balbaf thediyiag ahase 1alingP1acs) iR swidnepcloswe % 82 he
second hal f i t gk e n: Sal I L

been conpl etl)g%l, %}ﬁ%lggeg’o@g S%?%@%ﬁu‘?@%e?gggaség “3%3?*89%%@%% ?r(:ga)usei!rllﬁl gllﬁgt
the cont snuelds arideyenche edtiy it gaid AuECESS and) tiangrocesing phagef in wid hclomire rd0d s
as 20 described by reference to FIGs 11 and 12. Referring.to FIG 13, .
there is shahhthe vegingpbercess nrocess sawge fpmespidsencloseie0.2 intgyaidsempbystios {0 yia
further altegy. r [ ! ' ' [
accordi ng t Sup s SORX AR ond WO BB IS Sl B A GGl
encl osur e 8150.3aind #hasoolighphade eaessplage BNRldenti@uib260.4 hewobdth Geeedagisicd, 83
and an ‘unl oadi ng encl osure 84, said 25 | oadi ng encl osure 80, drying .

encl osur e 8the igtection of aigmisedrwteisinimapic pralesyry €0.4 zeases disi ney shave resicrlatian
and unl gadi L r # r ne of

et oranly o BigeE SGeind Mol B ARRed v SThETEl Sh05sd A MiaRbyt
and 88 and gdfifle shidashiclogur@ s 1§ ¢oslingOptass] widieCthd firf 3N tBE dhy@ilpifis® faking
respectively being separable fromthe exterior of said further alternate

appar at us bylage drenclosure ek bbegomes thej sgcong, halfiod thehdisiing|pbassd 30 ai rti ght

access doors 89 angd 90 r ecti,vely. . A container. .91, hol ding moi st, mat eri al
O honn e ti 3 ases G 2.4 Y ks e oSG PRREH ey B fonhee B e PRIGHS,
in said | oadorgwitlens 1028 Wreodled sslRIvedHA&GiS réhsovan dnd fephkd 'bggt BB @hé BbnthiAbNT
dried are shown in said drying WO 03/014644 PCT/ GB02/ 0149 34 encl osure

81, contlai néeaded wvithrraoigemptisriali ang sdidi ascesywloer 7aH ihdpsey, fllovdngswbichraewtign
in said at l%‘ggﬁt Qne processing encl o ur e 82, Océgnt ai ners 97 and 98 hol di ng
solid resi df&%Oha AVIE RIBSY eomme egﬁmfi‘e(nﬁo 4i€¥%bol i ng enclosure 83, a
contai ner 99 hol Vg foReWRE 5O kbske B istesnd halfSofShE Widd pAk fakip PIAcH R%aid

encl osure 84 and contai ner 100 hol ding cooled solid Tresidues is 5 shown
subsequent eoclogwre L@ hdas Bwen aipleted, ythegabaye opreserdune isndpeated anajpgonsly osur e
81, 82 and 83.has segarate, not own recirculatjon Path 1[]?lassi ng Iaprough
't and the AR Afe SARGLOUS seqenpsdEfieigs pLGr o ad Coollnd of RO matertals a3

20  described by reference to FIG’s 11 and 12.

Referring to FIG. 13, there is shown diagrammatically a side view sectional
representation a further alternate apparatus for continuous processing of moist materials
according to the invention comprising a loading enclosure 80, a drying enclosure 81, at least
one processing enclosure 82, a cooling enclosure 83 and an unloading enclosure 84, said

25  loading enclosure 80, drying enclosure 81, at least one processing enclosure 82, cooling
enclosure 83 and unloading enclosure 84 being separable from each other by means of
preferably sliding, and when closed airtight separation doors 85, 86, 87 and 88 and said
loading enclosure 80 and said unloading enclosure 84 respectively being separable from the
exterior of said further alternate apparatus by means of preferably sliding, and when closed

30  airtight access doors 89 and 90 respectively. A container 91 holding moist material is
shown awaiting loading, a container 92 holding moist material is shown in said loading

enclosure 80, containers 93 and 94 holding material being dried are shown in said drying



and 96 and 97 and 98 respectively as described by reference to FIG 11,
except that said drying and processing enclosures 81 and 82's

recircul awvoen/opaihs nmay i nclude a not shown 10 comon i ndipCcggiBobeatoer and
only the separate recirculation path passing through said cooling

encl osure 84 includes an atom sed water injection nozzle, whereby, in use,
containers | oaded with noist material are 3donveyed sequentially by not
shown conveyi LfBaN s ' Ly sl i di d .
closed airt iég g)sacceégoﬁ%)%?}sé%%ﬁt@gmggﬁﬁogdd@%d%iﬁ%gﬁg%@g%egﬁgg& %hﬁ@gﬂn said

t hrough sai datplesst enebirycskingliengoqinel 82heontainesedl7 ahd 8 Huldidd solrp adskiubo Bei@or
85 into said drying enclosure 81 within which said noist material is dried,
t hen t hr oughcekidearp shaven intaid eqaling saclasvae Sheancantaing Podoldingyeroledsolid sesidies

s processed® SPnen iF KO EaRhAfe SRGEREF s Mt AN AR Rhdlod URC LT,

ai rtight ssephoeinisabseqaéit tSunloidige. sai d cool i ng encl osure 83 within which
said solid residues are cool ed, then through said preferably sliding and
when 20 cl osed ai¥adhgaid BEpgmpsessing arst cading grelosise 81,571 and $3 hgs @ srnasaiemet 84

Goor 90, ey 88hach it ik iEhe e MR QRE oMbl B B ER S e

after each saddoe end 87 nad IBaesRstivdly a4 gsctibed byl reféfrate ff FIG @@Séxcepethat said
container remains and the dried material in it continues to be processed in

said procesyying asd drecestieg endpsues §li ang §23s eeccwlatinnupathy may inclide @xans shown

.sai dried, material  bei ) d i b
oyt or D dcfmed AR, e $54 HNRIC e SRS SRIF By B8 eSS
t hei r conbusddofifie téncloe@éi 88 iAtludRash OMRe®Iwibe iﬁj@clﬁfoﬁahozz%?%ﬁéfeﬁy?%i ugd

for the drying and g?rqocess_i ng of said noist materials. In any enbaddi ment of
t he present dotitainers inadeth yithemgishmateriak arggronyeyedesgqientiallioibyl noloshomimeconveying
super heat ed st eam and/ or, ho .OGESS,. gases, cont gi ned.i.n, or bei,n . .
recircul at ed2¥A SEAROYgh §aéﬁ5 8‘%8‘715?‘?%%3'1@?&1%%@@3@?% aBﬂgﬁ‘t()aé’ﬁ?ségo%OsgaWH’ s8id

respectivel yloadifid/ dtlobitet 6 GRADHSSUAN sH@ Sprefe h&,_ﬁaahgdaxﬂt SABA Qiosell haftight

inert gas contained in sajd cooling enclosure 12 first described by
ref erenclé t cepar@ion deerddointa spid deyingemdosnscdt withiat Whigh said anjst afat¢riab isddniadng,

D07 o or e dhh Hepdst setd Breforetiy 688 and uihép clivod RS SePAEIAN SO RS Grepid
i nj ection i rPrecdstifig @ublofire %laégﬂfin tEcHS §idl dFiBE nftéhaRtd pRCERES thth trdudPehid3

described by reference to F 8, 9 and 10 respectively, or ‘of any
reci rcul at i qneferablyr diflimgrasd when cloyed aiftightseperation Bb@ 87 ihilg saiPcamiidg &dclosure 83

whereby, in e, the addition .Qf any such reagent .or .5 reagents . serves to
enhance the ‘@f’%é"%&l %aécfﬁol’r‘f‘aﬁeélg‘i‘% aréﬁp? d, éf:‘a ‘t‘@r? pqegerggy sifling p lwﬁﬁ‘ﬂ
processeg Orci@ded %_ﬁﬁ%hﬁ&bhﬂtiéﬁab&u%iﬁG@'séiﬁ ﬁ@aﬁh@%nbfésﬁx‘é%ﬁldéiﬁ?h@r{ BurBGH hid
cool ed, and/or whic accel erates or otherw se inproves the drying

processi ng qireferbly shdingrand| when dbsedainightnacceds door 90, whereby each said door opens

before and closes in airtight manner after each said container passes through it and, when at

least one container remains and the dried material in it continues to be processed in said

processing enclosure, the venting into a combustor of the excess gases generated from said

25  dried material being processed (as described by reference to FIG’s 11 and 12) enables the

thermal energy generated by their combustion to provide at least some of the thermal
energy required for the drying and processing of said moist materials.

In any embodiment of the present invention any reagent or reagents may be added to

the superheated steam and/or hot process gases contained in or being recirculated through

30  said drying and processing enclosures 10 and 11 respectively, and/or to the combustion gas,

superheated steam or other inert gas contained in said cooling enclosure 12 first described

by reference to FIG 2, and/or to the gases recirculating in any of the drying, processing and



said solid residues. By way of exanple, if the solid residues to be
produced are charcoal, steam my be 10 added to said hot process gases
recircul awong/oi4s4eany processi ng encl osure descri bed by retCercBwen14o FI G s
1, 2, 9, 12, whereby, in use, the addition of said steam serves to
accelerate the carbonisation of said dried organic material, and said
charcoal may then be activated during thesfinal stage of its processing
phase by i nj &k h ' S r.heat L,

Port o of S R R o P e o 1! 2L PR ittt
t enper at ur e, exghsivelyyhy imectise inteathe egerdfiang affthe shid heciranlation Fama§0,b®l and 53

recovered fo r.e-yse vent | ai d superheated steam contajning said
portion of sIASHHERSAILY 18 %m?FRgﬂg%it%%?ds%(ﬁEeSE?ﬁﬁ’H%lﬁs@rOf(ﬂnyé%‘lcéhu%.a_{lf§f%ﬂﬁ‘dﬁ

in FIG 5 orygigy fefRferc@ S ERSE11682 shPYS) \ifg%r%)#rqnsuse,l%e %ﬁ(ﬂti&%opén | AER rddsent or

separate, not shown condenser.’ I'n any enbodrirent of the present | nvertlon

the theral magmipyserveariofeahaned thawauaofsai hateial whide saidlindreriahigbeingdiricd agaol

any or all of the gases recircul ated through or vented into any of the
e d

condensi ng JMOEESHIG Agoimsiholid dpsidues ydulesaideglidassidyies precksing: gleadpand/er whish

f I - Aer eby. | . h
o use of "t sy ne R 3E BUREwAEInE0E! mD AR o HERORE pr MRFE R 4t SR o8

processi ng ssaidksolidtesidues. and/ or cooling said solid residues in any

apparatus according to the invention_herein described. 25 In any enbodi nent
of the present i r%eWaY 8hexample dsthe golidrasidygs tr basproduesd e sharepal ateanpmay be

. A & plagesh
Car a aryi o, Raed 23 S RAY fibecss BB focuphe 2 BAY Toshhe BEAGAHY BBclibely

to gener at e refepaice itoi FIVG's 11, &, gAS12, twihdiehye iBrusef RN addifidtr bAlsaid Oftbuas tseRBs to
engi ne and the thernal energy then _contained in the exhaust fromany said

gas tur bi ne aFeleigethe;cathonisation: efipaid drieh orgsgicnmaterigl, ped saighchareen! may3bembat

f i d dryi - ' o) f i 4 dryi.
P ocess: ng. dvued diinE HRCERE SiiBe SPSis BRSNS B 1 Hikotla ARl el iR
pur pose, Whesuplrheated steadh conteiingSe poirtiod E BRPKRHS tacRIN RGO Yaill 'TtheRbA at an

portion of said process gases or excess.qﬁ)roc_ess gases serves WO 03/ 014644
PCT/ GB0 2501 Alewatedgemperahifiarivheretve in/psebdid portioh ofrsyiphyricancid pray hegseavgresiafod

mat eri al and/c ling l,d |, i residues .in any, apparatus.according, to
the 1 nvent of e B8 enfifi SR, suBBineHled 3l SRl ol BERED Frsehitidn
herei n descreithethe Fofdedder\ed cOblef 3811 Gholvh §SIFRRCY oMM Yor#RiseP 88 SRRV PH A 9
pre-heat the noist material prior to or immediately 5 following its entry

into any saild a2y iwp ageparatg, ngsrsbewn sprdgnsgid cool i ng encl osure and/or to
dry said noi st ri i@ _an id dryin r [N processi ng and

cogl ing encl osupg%l%nmgbggwen{ﬂ?ﬁlg PIeF temg?#'é?fl%%{hggh?lﬁ@eW§Tm§§6ﬁ§%° a1V
any sai choenGoolny RedifmSdngldyed @8 @bbDany or all of the gases recirculated through or vented into

any of the condensing or cooling means herein described may be recovered for re-use, for

lating

[(e ®)
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example for space or any other heating purpose, whereby, in use, such re-use of thermal
energy serves to enhance the viability of drying and processing said material and/or cooling
said solid residues in any apparatus according to the invention herein described.

25 In any embodiment of the present invention at least a portion of said process gases
or excess process gases vented from any of said processing enclosures or of said drying,
processing and cooling enclosures may be employed as a fuel to generate electricity in a gas
turbine or other internal combustion engine and the thermal energy then contained in the
exhaust from any said gas turbine or other internal combustion engine may be employed to

30 heat any of said drying or processing enclosures and/or any of said drying, processing and
cooling enclosures, or for space or any other heating purpose, whereby, in use, such use of

the combustion energy in said portion of said process gases or excess process gases serves



reduced. In those enbodi nents of the present invention described by
reference to FIGs 1 to 10 10 an inert gas other than steam having, at
ei t her slwghBloyeabove 100C or at bel ow 100C, a density gPeatGB2hhan t hat
of anbient air, nmay be enployed as the cooling nediumbeing recirculated
t hrough said cooling enclosure 12 and may be cool ed, and may cool said hot
solid residues, to bel ow 100C, whereby, i# use, said cooling enclosure 12
is located BglAinct ke WKLy 82 dRifleard ?R%éss!mg 5 SRGEE ah@/oF (cbbling Qld SO -
hot process gases/air stratification 15 | ayer seal below said at | east one
processi ng egseluesrany bppaats avdoedingto triinveaiiombereildegdribeg. above or said
bel ow 100C t enperat ure h@wgenséthy of said inert aé ot, e(i than steam|.s
greater than that® &Ry SHBPUMEntpf the presepisinverion feren deseeibed. FRiStoviye OF Teflip

rearranged g@wﬂy@r | hed ' : res

cool ed soli g%ﬂ%egl?gggs out et{g %Iinul%:l? §é2210{%a%%51%ri hlgd 1;% q%%@é?e‘ﬁ%%%‘t) %P%%E&%tellys
rearranged falowasglitspuiay dity any sdié ddyind od dwyinga pddogssingoand2ébodiag dndosnike agd/or
encl osure 12 and i.nst ead of .the | evel 52.4 bfiﬁlgrlll? that of a steam or other
inert gas/ 9 ARG MRSt aaaier n ahw said % O1 h PrOGFSIg, and FOQIRg cpclggiyre,
ot her than e Sstrat b ot . Vi e,
at 100C and%’?%g’pﬁtﬁ%ésﬁgfg??g?g gﬂggn&%g%}agéﬁgﬁ?}fﬁ%? oy ig:g%és gflgam; I"tre
and air at aeduaetbi ent tenperature of 20C has a density of 1.2046 25

grans/litre, so if argon s the inert gas other than stea;nthen it
)

) S,
density at sl i ghfit§hospsphodinsnie of ke Breseié iykntiemdespbrdbibiigencsie FlGisahto
t hat of ,anbi -l rs gty ﬂm‘g r i LSt nae
mat er i alléli n 12{%% ats-eggﬁe& eam gdziclj 0 ﬁgfég%gg%}&lgrag%&@gr#%ggaﬁg O Ov(\/iziean
conmmer ci al | demsity ggrt@rgrethas thdycofcantientedl, mdyebebinployed avske coslingt medifuarbeilg
may, for exanple, he dried contjinuously in drying enclosure 10 in 30 FIG

2, then as ®redatedthrough spid feebing paclosuimiAiand may hecastede ead ey sael saib hely
as descri bed Lef e 1@ & 12 . 7
37 Coavs - CIEEERELFRAG 100 Sitrddy, Bk bid WOURE GRS, 12 g bR
the organi ctheleesli 2.3 described bypefeftnos @0 FXGESdifrthe hOOHrdcBssaghsé MOSPIiEICtion
conprising at |east one of superheated 5 steam a hot inert gas, hot air
and hot 1pr obayesseghbelaw saidcptdeast eneipracespingarnclosyret Heande sithen at said) githes slightly
material in [ ﬁﬂjzrer' i . fo . I t t nd
an inert ggg&eg&%ﬁr)rggﬁgid acco“lre %P%%hﬁé d&feg?&r%tg ?)?fs gird tlﬁé?%ggﬁ%re?g?a%g&%‘gﬁ ®
initial stepreaterdhati thgt bhembitht §if,hBIHot BBlideTdsidbied Mledudt M IPRAFrEngR@BNER NY

super heated steam ) . . .
downwardly into said cooling enclosure 12 and the cooled solid residues outlet duct 20

described by reference to FIG. 6 is rearranged to lead upwardly instead of downwardly from

20  said cooling enclosure 12 and instead of the level 22.4 being that of a steam or other inert
gas/air stratification layer seal it is that of an air/inert gas other than superheated steam
stratification layer seal.

By way of example, at 100°C and atmospheric pressure argon has a density of
1.3048 grams/litre and air at an ambient temperature of 20°C has a density of 1.2046

25  grams/litre, so if argon was the inert gas other than steam then its density at slightly above
100°C and at below 100°C would be greater than that of ambient air.

The methods and apparatus for processing moist material in superheated steam and
other gases herein described may, when commercially advantageous, be combined, whereby,
in use, moist material may, for example, be dried continuously in drying enclosure 10 in

30  FIG. 2, then as dried material loaded into containers and processed and cooled as described

by reference to FIG’s 11 and 12.



3. A nmethod according to Claiml1 or Claim2, wherein the organic materi al
is heated indirectly by heating the atnosphere in which the organic

materi al we oBocwmied. 15 4. A nmethod according to any one @CTidBd2p149Cedi ng
clainms, wherein a proportion of the gases produced upon heating of the
organic material is collected. 5. A nethod according to Caim4, wherein at
| east some of the collected gases are conbusted and used in the heating of
subsequent organic material. 20 6. A neidpgmscording to any one of the
preceding clains, wherein the inert gas of the atnosphere in which the
organic materials are cool ed conprises superheated steam 7. A nethod

according to,Claim6, . .wherein the tenperature of the superheated.steam. 25
is controlled by ?U‘BBTPW ﬁ’gpé"céﬁﬁ’tgr%%%m&fﬁﬁf ?Wrgfng:ﬁe&ﬁ’i‘% WH‘PWE‘F‘JJPO.
8. A method agempéthtiee bcedig A08°Qfin h?ﬂ%uﬁ&%ﬁ&@!d&&#gikﬁ B8 leall 6AE b stif¥fheated

method is a continuous process in which organic terial 1s passed Into a

processi ny estedmasauhet inartvgaschot dreand g procsss gases chndusbbsequentlyl opoliny de lieated a
cool ing encl osur.e in ich the arganic .30 terial's solid residues are
ool eq’ W 0S5 Elerbi SR Rergs Corapriane R Toask P BGbeA ot epd et
wherein the paterial enters and exits the enclosures through ducts which
extend downwardly fromthe encl osures, tenperature/density differential
stratification layers formng in the ducts serving to form seals

substanti al | reventi the.entry, or exjt of gases to or.fromthe .
encl osures t '_rogg ‘E“ﬁfg‘oa??&f;_%‘fd"@ tfo?f:la;‘-‘{nn]et Bhera_ Mgyt Hntéﬁ%fte@n@fgm&erm
1to 7, \f@er&‘gﬁnik%téfﬁaiﬁ%dt&og)@%&ﬁlpdgﬁkﬁgﬁ%{h&t%t%organ' c material is

pl aced into acontrolled environment, "a eat and subsequently
cool ed by supplying appropriate gases at appropriate tenperatures to the

environnent._ 10 1]. t hod accordi.ng to C aim 10, wherein at |east sone
3 déd‘@éh? a?%dm&é%ﬁg%@gbw Claim 35 gdrein Higt @eani¢ materiabis| hegiedd.

of the gasespro

12. A net hodinaﬁfdglgg;[yr}%%%%% ?Lnggrsf)%%rﬁ ‘P{;%hgié glete &gmg@m%gltaj ,% 1&agduenced batch

met hod, 15 at nvi ronme eing provi ded and
arranged such that the gases collected fromone environnent are used in

t he heating of angt he (gai d environnment. 13. A nethod of processing organic
mat er i al 15ub%t ant e’ﬂ“ftép ACOREHRG Iy g of therreesdme laims, whereip @psepartionafthef

the acconmpanyiBdndaadHon heating of the organic material is collected.

5. A method according to Claim 4, wherein at least some of the collected gases are
combusted and used in the heating of subsequent organic material.

20
6. A method according to any one of the preceding claims, wherein the inert gas of the

atmosphere in which the organic materials are cooled comprises superheated steam.

7. A method according to Claim 6, wherein the temperature of the superheated steam

25 is controlled by supplying a controlled quantity of atomised water thereto.

8. A method according to any one of the preceding claims, wherein the method is a
continuous process in which organic material is passed into a processing enclosure in which
heating occurs and subsequently moves into a cooling enclosure in which the organic

30  material’s solid residues are cooled.



20 14. A processing apparatus for use in the processing of organic materi al
conprising a processing enclosure, neans for heating the atnosphere within
t he proceweiong@iemec] osure, a cooling enclosure, conveyi ngPCEaBE200197
conveying organic material into and through the processing and cooling
encl osures, and seal neans for restricting the novenent of gases 25 into,
fromor between said enclosures. 15. An apparatus according to O aim 14,

wherei n t he gseal i . i [,

processi ng ?Fld cooi I ng (Penci éis%r es&%i%gt%}f%%gﬂgvﬁgg ﬁ%%d\éeﬁ&ﬁ@geﬁ‘gﬁémﬁ%ss
into and outthwiigh hduasciwhishr estend edupavairdly efidanshé yerdidstires e némpdratate/density
stratificatiQ Iaﬁrs form ngl in the ducts, in use, to formseals .
subst anti al |d§1¥<’6?f5 rﬁ‘?ﬁ@cattlﬁé ayary foring dn dhe duets seFvingfo dorms spals snbstansiales
al ong said : 1014 f S
accordi ng tg)ll]%egtlmr}ﬁ’;@z%ﬁ&é? giﬁfnoﬁég éﬁ%ﬁ&}n tg% r?f)lgllgsé"}]rgsgthgm&%&?%%&tt%ncl osure
t hrough #whi ch organic material passes prior to entering the processing
encl osure. _17. An apparatus_according to any one of Clainms 14 to 16,

further congfisi fty mgthodspecording g any gk of Glpims driocbswhargineghe msthadels a1batcinn

apparatus a i . 3 I . t rther conpyi si

col l ection %@sﬁ%%?lég%qﬁ%g%l %ﬁ zﬁ)érpgﬁ%t;étai cg’rﬁlgré%le({ %gir 8§‘§8’¥’ %%’83‘8%‘%* ﬁ’ﬂ)%n
heating of tshissequegslpi coolsBbeIsupplying apptdpeiateefased At hBpropriRicoefipetaifies to the
apparatus for use in the processing of organic material conprising a
processi ng &AWIUBRANENng encl osure, neans for controlling the atnosphere
within the processing and cooling enclosure, and seal neans for
restricting the novenent of gases into or fromthe processing and cooling
encl osure. 1% 20.A ARtREARIESATIAS t6 ClamdioN §hbRindtdéadt dodne MBS Bhdds bARIuEREBIAhd OF
controlling conprises a recirculation path, heater neans tTor heating the
gases passi hgatmgcﬂfghém@améémaat@uﬂmoﬂwt th, and valve neans to allow ng
the renoval, replacenent or substitution of gases. 20 21. An apparatus
according to Caim19 or Caim20, wherein the seal neans conprise

mechani cal geal s.A 2tholihcodamiab (aiRCTIO Wheltih he ridiNoR @ Bfudaéd BRcH Ret®d21,
further conprising at | east one furthér processing and cool i ng enclosure,
and wherldi naglgggpneduhes controliedosnyirofmertt deing Proyidedemdiangngertisuch diat tlie gases

encl osures ar S in the .heati of at | easi. ong other .processin
Affects om one environmen euseda in the ea%mg oF anotther sai em%ronmen.

13. A method of processing organic material substantially as hereinbefore described with
reference to any of the accompanying drawings.

20
14. A processing apparatus for use in the processing of organic material comprising a
processing enclosure, means for heating the atmosphere within the processing enclosure, a
cooling enclosure, conveying means for conveying organic material into and through the
processing and cooling enclosures, and seal means for restricting the movement of gases

25  into, from or between said enclosures.

15.  An apparatus according to Claim 14, wherein the seal means comprises ducts
extending downwardly from the processing and cooling enclosures and through which
organic materials pass into and out of the enclosures, temperature/density differential
30  stratification layers forming in the ducts, in use, to form seals substantially preventing the

flow of gases into or out of said enclosures along said ducts.



and cooling enclosure. 23. A processing apparatus for organic materi al
substantially as hereinbefore described wth reference to any of the
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16.  An apparatus according to Claim 14 or Claim 15, further comprising a drying

enclosure through which organic material passes prior to entering the processing enclosure.

17.  An apparatus according to any one of Claims 14 to 16, further comprising at least

one additional processing enclosure.

18.  An apparatus according to any one of Claims 14 to 17, further comprising collection
means whereby at least a proportion of the gases produced upon heating of the organic

material is collected.

19. A processing apparatus for use in the processing of organic material comprising a
processing and cooling enclosure, means for controlling the atmosphere within the
processing and cooling enclosure, and seal means for restricting the movement of gases into

or from the processing and cooling enclosure.

20.  An apparatus according to Claim 19, wherein the means for controlling comprises a
recirculation path, heater means for heating the gases passing along the recirculation path,

and valve means to allowing the removal, replacement or substitution of gases.

21.  An apparatus according to Claim 19 or Claim 20, wherein the seal means comprise

mechanical seals.

22.  An apparatus according to any one of Claims 19 to 21, further comprising at least
one further processing and cooling enclosure, and wherein gases removed from one of the
processing and cooling enclosures are used in the heating of at least one other processing

and cooling enclosure.

23. A processing apparatus for organic material substantially as hereinbefore described

with reference to any of the accompanying drawings.



