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JANUARY 26§6 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 bemg dried by
circulating the initial gas within the enclosure between a heat source and the material,
25  and/or by the injection imto 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 tiume



PCT/ GB02/ 01497 2 permtting the free conveyance of materr al t‘?f% 2006
ducts and into and out of the enclosure. Specificatio ¥

di scl osesWa0¥é44nuous drying process in which nateria s e dried pass
into and/or out of the drying enclosure through a non- nechanr cal 5 barrier
which allows the free passage of the matgrials w thout any significant

restraint, while at the sane tine rovrdln ef L vel b
gas-tight spehsitihg tbeefrﬁemonw}@n@se B%éi"hglétf% t'gg ﬁ#‘{i%{ tte drying
encl osure or tlhe entry of air into the encl osure. Steam escaping through

the vent duffe ‘??H{P be condensed to recover its thernmal energ%/ Accor ng to
the present mvesﬁ,écmmﬁdiﬁm ESSBBbwhmdiS‘dOm@hWO“Brd&‘}%% RGP HHFL

mat eri al conpri sing heat i he an 5’@“!,5?4“?{“ Qrﬁl%@hﬁi{@[:‘edl ng
100C in an mﬁﬂéﬁén § g ?Fg’r!‘%to"*g E'? super heat ed stea%a hot
Ihgzt Eadggrgaﬁl&tg mat é:??ﬂ(}l) I n gﬁéat m)st‘))ﬁg?gm ri.s £ NSt g

super heat ed at theasema igheaprovidiag £} Wﬂywﬁ%ﬁlﬁ&% oré gﬁgﬁto (isar?f

appar at us desi to_pe 6f diningo the leadloswel l e
pp ;lregﬁéfged ke ffﬁgﬁ &gng%ﬁdeémé Bethaehtop yStedamp

and conveni I nvention thus sets _out to provide
met hods and emﬁgahmagﬁthémdmtmmycba@ndﬁawéﬁoWV%%WG§ﬁ%quenced bat ch

processi ng of materi for exanple s océsEing biganibeat ed
st eam and ot her MW&MA&% ‘%@ggi%&%r oceEslg)gichlr ei t her passes
into andfgpr fcoftpdidiEh e@ﬁgmmﬂmlammw @ 00°C in an
respectively t rough non mechani cal barriers i ch L& tlxﬁ%h%beh%{ age
of the nat eratmbspheietdogyrisiog gt ]ﬁ%ﬁpﬂ’ £ sperheated a % ough nmechani cal
bat hers in the form e%@ﬁﬁ h@@ﬂotgamarmﬁm@htm rm ratmosphergi d
non- mechani &P gﬂ%%h%érkr)g&ﬁ arriers p?%?/l ding effectjvely s bst[a%ntral |y
gas-tight seﬂi@ At least ohe bfseperbeatedesteamond QB IRSFY A @Beg't’@é‘ﬁtl cess

gases or inert co n from.o k6 Y & teBfivel R84 Behvehient

cooling 25 e%#%%sd%"g‘@ i Y, oe E e entry of arférﬂ%to sai d drying,

processi ng aggnor cooling encl osures, in order first to dry the noist

material 1n superheated steam,  th to process th lafdtus ForhOt

process gases at Het @Fﬁ@ﬁaﬁ'ﬂ?@"ﬂléﬁ%r’wﬁshﬁ‘ﬁ (haﬁmreqw re oggto dgéﬁ %0

alter its ph c@fuehded baIGE Piodessing of mateiial] fonexaipleamoist
FoufinsCbRAE bf bl

recovering o corrponents emtted fromrt as, gases, .an f| naIIy
to cool the pfmesmmdnamﬁlersumrh@edoww r@BeTIEAses N‘e?h? tﬁ

preferably but not, ex u5| vel.y, s heat wnaosures
typically sl Pﬁt‘?‘?ﬁs?d Wgn g‘%ygfejvéng ?‘el ow that at which said
resi dues ,goulg ¢ay bamiersewtéch ellownthe Sion ipesessetrthe Bt ehy

Wﬁlﬁ
said materi al ?o be rocessed i.s WD.0 14644.
without any Fsglgmﬁc.ant restraint, or ugg me%mcﬁaﬂﬁw‘iﬁ‘% 0 8f doors able to

be closed in airtight manner, said non-mechanical or mechanical bartiers providing
effectively substantially gas-tight seals to prevent the movement of superheated steam, hot
process gases or inert cooling gas from or between the dryir_lg, processing or cooling
35  enclosures, respectively, or the enfry 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
dsied material in hot process gases at a temperature higher than that required to dry i 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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ration fan. YRR 6d af Teadt D RGcalSE enclosure over a beat source by means of 4
recirculation fan and, onmce the temperature of the air in said at least one processing
enclosure exceeds 100°C, said air may be displaced and replacgd 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 ome
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.




PCT/ GB02/ 01497 4 As the dried naterial begins to be transport
said at |east one processing enclosure and processed aty, gﬂé&;ﬁﬁﬁgzooﬁ

above t hAYO8¥0Mfdtch drying in superheated steamis procee |ng I'n said
dryi ng encl osure, hot process gases generated fromsaid dried nmaterial

di spl ace and replace the air, inert gas pr superheated steam atnosphere in
said at 5 | east one processing enclosure, foll owg&rm}m ch heati ng and

processi ng of thas he driedmaterial hegins tode B, 3L RIOESTIL hot
process gasg,tl over S(f‘glgms@&fats&ﬁ %S’t}ég{ﬁat s@dvkic H&ﬁ%ﬁ%ﬁé{h@dted”
osure

said at |ea SSThg en y sald recircul ati on fan neans,

wher eby sai Gteaxﬁri@pfoaéedhg iat3ad Qiryilaenchtsunel hattpravess gages gensted fhosnsaidi ddedam i s

P ocess oo EPicel Brae ol e draieis ot P s Hsah EmBile 8B4 4!
through gnd Rg0GRSH8ekskiRy Sadsburd fdiRAslg which hefing 2ad [pg}cessnxglofﬁhﬁ middded ent ed

either into condenS|n or coollng nmeans or, when sald d|t|onal
process gas@ﬁtﬁﬁbpf@m%&blﬁwéﬂmﬁts@}d@@‘rmm gareheven sud 5@%@%“ bl e

| noondensi bl.g (g ea: 6 i BPIAF obd c&ﬂ&%%‘i'sﬁlﬁr&ﬂimﬂ@ﬁﬂdﬂﬂ;ﬁ%ﬂs i f

enpl oyed, a Ito  sal stlon means, and the said heat source
may be heat ehehyy sdid tengretivat isbovegiat e whish devingin seperivgtog Stoam dnproeserlivg 1o f

Gases 11 afye SRE e EOREILRGN A8 adoad pEP TRLE} el ARG ©

remai ni ng afa—@a nkidriaP bEIRE Hangdfed though BeP progessel &t el af leash ammi procksiingl
material begin to be transported from sai d at I east one, pr oce 31
encl osure ienclosusaing vsolsd ierber anfe icondenging, gr cogling b&rﬂr@ t’Pgﬂle&enent

of the anbi 5%@%“% (&j,gﬁﬁ,e.ﬁﬁ @b,&,tg%h b&n&igﬂﬂsﬁ%ﬂd@ﬁhme
encl osure r’rg’rlJ arried out éé(?mher reci rcuI ating the anbient air

at nospher e igagesiwHichyemagd fomesdidi mndémgwm%gmml‘b@éraw dugted BBt

by heat | ng i foent and MR Ay oSSR o Rttty 4k Bl sBREETT

flue gasgs gR&sted Gy the SiibiulitorSel sdidhmiditiosl bt process @ades and bésaurbedmhxgﬂble
encl osur e wher eby, once the tenperature of 25 the air or air with a portion

of flue gas mww»&% B8¥¥ur e exceeds 100C, said

anbi ent air or aigepih jif o8 fenlainifly ARE hatl FBER Bises 10y b&E gdidiitbdced
and replaced by a superheat ecf st eam at nosphere by tenporarily venting sone

or all of t Heonmsdd dnﬁkmttenébmmbbe mapsprrtedrfenne enid § leaseonepyecedingREFloRP e i a

danper ed duct, ne s .0t o s Epﬁgﬁﬁﬂt el into
sai d condens‘Pﬁ‘?g i n é]%gﬁlfeg@gﬁ%,} e sal %_{:g(y)eea |gtn%u}a| r

at nosphege | gitnbdpibse Viniially @bﬁaﬂed i tﬁaecamgienglomlmmewayd lvat, ceithet by ed
and replaced by an externally pI’OVI ded as ntﬁ)esgocﬁn 5 JANUARY
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said heat source by means of a recirculation fan in order to heat it or, for example, by
heating said ambient air atmosphese 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

95 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 ali of the additional
steam being generated in the drying enclosure via dampered duct meaus 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 extemally provided inert gas atmosphere.
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2006  PCT/ CBQgpdtdcARA feam, as the sald hot solid residues are tlansported 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 farther 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 t0
transport the moist material out of ambient air, upwards through a steam/air stratification
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layer seals being significantly less fhan 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 af 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 heatf 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



encl osure, all having differing densities bel ow that of anbien
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I nventi on. h&%ﬁ[@& Fedeiben. of apparatus according to the invention
conpri ses at I east one 3o drying, processin 84 teach
o ey, b ocoacwmyoR mbu P e naR b R PR GBel  EB1 80T,
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use, said V\oge&@@wemamaymmwmm means foprpidt Jegyt ane processing enc
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 capeble 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 saldapparatusaocordmg to the invention.
An alternate form of apparatus according to the invention comprises at ieast one
30 drying, processing and cooling enclosure, each said drying, processing and cooling
enclosure having a recirculation path within which an indirect heater, 2 recirculation fan, at
least one container and an atomised water injection nozzle are located, whereby, in use, said
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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 auy 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
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further alt earearesent n seid exeephaases then 530 RO B35ps arc vent
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 tosic 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 contiouous 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
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accordi ng
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 representanons of elements of the
25  said basic form of contimous 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
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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 gencrated from the moisture in said material is

25  vented, preferably but not exclusively into a condenser or cooler 5.1.

Refore 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 initiafly

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
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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 43, replacement of the ambient air
atmosphere initially contained in said cooling enclosure 3 may be carried out, either by
30  recirculafing said ambient air atmosphere initially coniained 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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process
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25  conveying means 4.4.
When the said atmosphere in said cooling enclosure 3 is superheated steam, as the
said bot 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 saperheated

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
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into ambient air by said conveying means 4.4. -
After completion of said initial warm-up period, said conveying means 4.1 continne

to transport the moist material out of ambient air, upwards through a steam/air stratification

25  layer seal and inio 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 enciosure 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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FIG 10 respectively d the denser. of said superheated steamin_said
dryi ng encl%@ﬂ?’é ““%33 M%@&?@?& BROesHPy demperairen RE S ur e 2
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is increased by heat transfer from said hot solid residues into the slightly above 100°C k
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 imert 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 gasfair stratification layer seals from passing
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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 2t one end
theseof, 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 fo
atmosphere, an inlet duct 19 leading upwardly from said transfer duct 18 info 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
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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
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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
Tayer 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 info said processing enclosure 11, and to prevent any hot process gases
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from said hot solid residues 23.1 as they are cooled during theu' 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 ineri 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  strafification 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.
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Said additional steam together with any componenis in said portion of any such
additional hot process gases emitted through seid 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 throogh 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
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25  across said outlet duct 20.
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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, sicam or other inert gas/air stratification layer
30 seal, whereby, in use, said tevel 22.4 is dictated by the level of the condenser or cooler 33.1

shown in, and described by reference 1o, HG. 5.
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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 stmosphere over at least one indirect heater 7 (first
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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
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a slightly above 100C superheated, st eam her e, created as .de %rﬂol%ed by

at mps
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12 by neans of a recifculation fa tgﬁr Y, ' AloflcMine S@id Bbt
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Referring to FIG. 9, there is shown dmgrammaﬂcally an end view sectional
25  representation of z 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 sofid residues 23.1 are transported through said cooling enclosure 12 by
conveying means 21, said shightly above 100°C superheated steam atmosphere is
recirculated through said hot sofid 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 uvse, said




encl osure 12 are vented at atnospheric pressure into a condens &[@g{g{{%o
33.1 located at the level 22.4 of a steamfair stratifiggté ?%}‘g 6
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to representation of a cooling enclosure 12 containing, as the cooling
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atmosphere created as descri.bed b o d ef.
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cooled to ZBeseFP@‘ﬁf 0% Sgs%gge over a cool er 54 before said

conbusti on gagoddfe Qerveﬁa@mtmmpmraenm 4 eondegrmémonravoler 3341 dacaiediahr ough

said hot solid residues 23 sajd coqler 54 is kept cool by passage of a
cool i ng medithedeveb22# of & BEgm/si PYSESPhl y air or water, into, through
and out of said g %ﬁk‘ﬁ{gléﬁﬂd}a AR Y sibat iclly Gad\lbﬁd feat scafionahind,

as described in“detal

y re erence to FIG a val urre of %ﬁfggﬁqég val ent
to that of Wmmmmmdzmamw Y EOV8ues

during thelr age Lhrough s coo ﬁg%‘lnp aﬁ'&s&ﬁ:eﬂﬁ t@Geitle to
at nospheri c B&ﬁ?ﬁ&%‘ % or cool er ocat ed gt t he | evel

22.4 of a cngg)qstlon gas or ot her |nert gas/air stratlflcatlon | ayer seal.

I n any enbodi rrent of the present |nvent|on descri IG's
1 to 10 any sai és RFidee A3 ﬁfﬁ’g‘“{gﬁr 'i#iﬁ ét iid)lljlgt 14,

17 or 20 of g %@% ﬁ@g,g g0 xgyﬁ?mfy a;&eeﬁmmgcmdsmﬁo bis or et Oisert egas 10,
11 and 12 respe vel'y may %ﬂi tfed if the material _bei n d&igd,
processers oratmospherd is aeciscileted uhroughwsaid hes salid smaidyes 83-4 3548 Eﬂt Y BIgHE  of

Convey ng mien STBHRERGIE e R iehs e Sleaion Rath, IERERTE

in any or alshdqiottsbﬂdi'ésﬁlﬂéémlduehglﬂy&bamﬂ(KBCcandﬂlmmwaldtmbGWdEct 20

first described by reference.to FI.G Ref rr|n |
shown di agr 0t B‘?W"%’Pﬂéb%“@wf?e‘%m‘ %P 4%3 on o Bﬁése‘n
al ternate appan ¢ Qi Rfbhatiohifhs o\ ki R RioRgiecs ataghinambledrio 5
dryi ng, processing a “cool 1 ng enclosure each éal d dré&%& roce i ng

and cool 2ng shghﬂmmelmcrm\pmggeweéew@m%@@ﬁ ws 61
W thin whi Chga%” | ”dimg % 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, info,
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.
Tn 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




heater 62, a recirculation fan 63, at |east one container 64

atom sed water injection nozzle 65 are |ocated, said in'ecti9 &gﬁgﬂ%gﬂﬂﬁ
bei ng ablwop od/ors6axanpl e, to direct atom sed water prefE HE’PQ/Z " not
exclusively into the eye of said recirculation fan 63, whereby, in 1o use,
said at | east one container 64 is |oaded,w th noist material and inserted
into said drying, processing and cooling enclosure 60 through a not. shown
access door jothiedin ialy bhell of the trensfir rdueisr15i apdt 18nemthesugh dbe guiepidust Hhtist | al
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i ts chenical ekl ch&inkCERNRrk 80, QRchUSRT Utying, pestessingi aig cooling
corrponentss éﬁ@&g rél?rﬂé]fit‘ﬁ]gé&bﬂgs'es and t_hen recirculatjng an. i ne]{mtzﬁfcool I ng
gas through ehtlesure 66 hiatingg recitculition path dudicated Ty ararwst &) E’EE‘PW%‘F@n‘P ect

general ly as described by .ref.ergn sder MR mised Yakr idigsibgead of
said materi i\e“tﬁ"eg @Wﬁ%@%ﬁb@%ﬁ?@éﬁ%ans ?F’?gtto i Nt 0 Zoldgmd out of
ahdr yi ng enqilog%ysg aﬂedlobﬁ&ﬂ sbiﬂtiﬁeﬁigd moutle f65 ba’ng)aljﬂﬁd'eﬁmgllpbntﬂ deagt atomisadhd
then, as solid residues, into_ and qut a cpoljng e r .
descri bed bywatestpsefersbly hug npt excluptvely jato fﬁmen@f?sm&f&@@%@.ﬁﬂéﬁén ’g%lo P dn
phases tgke leAdodaindt 6813 bl with Yihé1§ miteid @ad igriediimth exidl i ng
encl osur GGE%’?%% %ﬂgﬁrgﬂ\fmadgn theugolgll?%%g@phase is conpl et g%ﬂfgﬁlg&nglt shown
access door drfingpeomssinssaidiboaling eaglosure A theangh #inek phopm agerss 1§ e

resi dues contained jp.it 2% arg. | G [N ShocdaécdChd Stsndrand
cool i ng encl é“éﬁ“%lﬁdn%"g%‘r ag%%%g&%??h%% gltl&llréeﬂgs one cont ai ner 64

| oaded Wi th Rinfk cHBbEDY Hist ecitaldiag indirbaly daited shppiheajed sipamptheanghsgid smst
cooling enclosure_ 60 through said pot sh access do | | .
dosed in ai rigtemial %ﬁ@ﬁeﬁ",‘%&ﬁa W%W%W%%%m@e%@% vent
66 | eads, £XCESSaHARE chaliRe @idlirferia th Sfdv Advaniageobilyigo aibet iprshysisali ng

30 phases respectively out of said drying, processing and cooling.enclosure

60 towards apropdriies and/oxidtspehenticrl opmpeHiQN mebile JeePerte R &8 ’é”fq“_ﬁer
2nd ¢ hr ough SAPERREELaited SOk af el R 1B al g O B 006
PCTI GBOR1014Qnifi sollid edsidads ineadtir tycoah temp altigarieratiy ghdescribed by eafesence ¢0 Fudi ng
i nt a1 med. | b R in e Lt A e PR R bY ebeft B ifhasy
10 L9, AT G108 et sl prostigoacoats i, w1
rocessi ng- asbdsessive, intg sahoWS 8eoB ePEmER B SRIEiben y BREE KBTI ¢ o
atnospher e o inditectd ¥, Peooting 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 drying,
processing and cooling enclosure 60 through said not shown access door which is then
closed in airtight mauner, 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 showsn manner or into and through an optional condenser 68, or via a




at nosphere through said optional condenser 68, or, when toxic

conbustible em ssions are present in said excess gases, ﬁ B@z &Q%&t‘émﬁ
duct 67 iwdiesletddy t o at nosphere through said optional U & 68 or via
sai d duct 69 through said conmbustor 70. Referring to FIG 12, there is
shown di agrammatically a plan view repreggntation of 10 a form of said

alternative apparatus according to the inventiagn co S way of
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phases taking pl ace |n at t .twa S 3
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excl usively comobn conbust or I n which Wécemproces SaSan be
cont i nuousl| yemlecWhmﬂhy combinprd, Jurgtion phisafd 3@1’@/
produced co. tM orf Bf 84488 oéwﬁaszél&oﬁl daltdried

t hrough at ngﬁ‘g{ not s om&?nglﬂfee t heaters, one suc nd| rect heater

bei ng | ocat emmaﬁmhg@ﬁdgmwsmqihwumdﬂﬁlngOM
provi de at f t t her r b Y. y
processi ng pﬁ‘iie@?égﬁr‘?&“p g %ﬁt?gt %zl‘ﬁﬂgt 2%1?5 %I sa|
encl osur 63 6Qoded AGirightORarhe it Hiovidedreach of sid fomo drwm@rmmganﬂtwnhug)
provi de at | east sone of the thernal ene;l? | rg?fgw\éﬁtgﬁﬁt g éﬁ‘eﬁ’y
process or t encisniss §Ady 60.2,$(-3 and 804 heg %@ﬂ&%w i f
t oxi c em ssi a{m%; efhr%.ktg pRase §5 Sachl ¥F Oid BRI ehdAdsBfbs B0, venf ed
(as descri begp'gsef%?quurl the dryi and cool i ng ‘Phases sai d excess
gases may ei Ghﬁranﬂesaﬂbmmdymhﬂessdh@tmm %dtmqm %44
25 JANUARY 2Q06 / 2/ 01497 omg!l P%ges
toxi c em ssi Cﬁg% %H’S%gtﬂéss ga%gs sa| d excess gases
are venteg i %Ww&@&m ﬁagkdcessmglpthmmkmgthcsmmﬂmtbef
cool ed and condensed and t he condensat e and, an nconde% %ﬁaggsss
ener gi ng froﬁﬂé&ﬂ‘élﬂsué‘ﬁrﬂ)ehs@rz &8-3qand; Q0 PYﬁﬂBErg%“% BT ed,
wher eby, as ‘;,%'ﬂ c%,y@@éﬂm;ﬂmﬁf%ﬂéi pIEEably banhdiertingvdyoxi C
em ssions i ntto Sa con enser 8, said excess
common combustor 70 in which said excess process gases can be contimously 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 info an




gases may be vented into said conbustor 70 and said toxic ems @ Y 2006
destroyed by conbusting themtherein. Vents 66.1, 66. 2?(:1@83092 %L})EA §AR
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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, 603 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 672

respectively and said optional common condenser 68, & 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 venied from if 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
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conbustor 70 via said duct 69.2 commences, and when t @ﬁ& %ﬁ’ é
In

t aki ng pMe@es/iigeddai d encl osure 60.3 and the cool i ng phase g place in
sai d encl osure 60.4 have both been conpleted, the injection of atom sed
water into said enclosure 60.4 ceases, igs not shown recirculation lo fan
Is turned off and the injection of atomsed vvater |nto ai d oS 1(53560 3
comrences tadmerﬂhﬂﬁpmn%w@@&?@ew&”% %h%‘n e first

hal f of the dr 60 1 becones the second
hal f of the‘”&%ﬁqﬁl%ﬁg‘iﬁa@;ﬁm@% gg%@s or 72 4 'S then be opened gﬁl d at
| east one cont a'%énmmﬂmmﬁuﬂmnﬁﬂm@glm@el%aﬂdﬂcm
residues is renoved and r ed I gtvmth
noi st mat erb%ﬁﬂca’ﬁﬂ’ &séé‘gé'éé’ed’(‘i%? ’}f? adf%{%dé&?’lo@%%erweméﬁomsiﬂgﬁa new
first h?'f agd% % A i s&sﬁ@aﬁmrsgmmmdemgmsammmomﬁz
foIIovmngt above the second hal f of the dryin ﬁl}?seé&@m
said encl oandﬁe@&ﬂghﬁsxmom n s31f) gn %B% rcgmﬁ%se?repea ed
anal ogously t. I n gg acelih 8516 *Bdlerand

S ap U Pk SRl R B 5B o

cool i ng of ed by ' reference to FIGs 11 and
12. Referri 31 3tead fthécodlify phive takingspladeinsaid iendpmirme-# baye Rotyb eep gampleted,

sect i onal repr esentation a fiuther QB chldass
lor oges& ng &€ ‘?Feﬁ“é‘P‘F% ﬁ%{"f‘%%%ﬁi nve}t{t&ﬁlg&i{%ﬁgﬂ S| ngg)
oadi ng g ggﬁg ifjétion 6f A6wised Fater Aito daithanclosom MECRGCH
encl osure 8 a coo |ng encI osure_ 83 and %ﬂ é'wc' osurgfsﬁé]m g?u d 25
| oadi ng enclmwesalé@nclm 6@3 8 wopling phaseg yhilg the frog

encl osure 82, coo t@%e?ﬁ hg@bp@guﬂﬁ,gqmggeosure 84 be| ng
separabl e f P E?ﬁ? %‘ﬁpogfrﬁer by neans o qpreferably sliding, and when cl osed
airtight separat Isaiﬂadm:MHZ%&@%&MSMN@%P@WWW%F@%?e 80

and sai d unl oadi ng. Lest b ntaifer
ext eri or of 04 ‘H@E’?E’ﬁé gb%éé%%% ﬁidﬁ% g? pref erably
sliding, ;2 Mlmqnégm%ﬁd Wd@&ﬂﬂbmrﬁ)s&gm]ﬂd@wﬁﬁél y. A

cont ai ner 91 di ng noi st materi al wai ting | oadi ng, a contai ner
92 hol di ng mwadempmmwwﬂs%ﬁ V\g 81 ng enclosure 80,

containers 93 an M} ﬁae\whﬂgmla:aimisﬂdyi ng
WO 03/014644 25 %A@(@%%gﬂ%ﬁl GBOZ/01497 34 enc]osure 81, a| ners
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unl oadi ng. Referring to FIG. 13, there is shown &{agrammancglly a side V%QPS&%H&

representation a further alternate apparatus for continwous 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, diying 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 83 and said

loading enclosure 80 and eaid 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 contziner 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
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i nto-sai d_unl oadi ng epcl osure a en 5 WP
sliding and g *@11Bwsggﬁawagﬂﬁc@gg%z&o’@m%g#%%wgg@ﬁgégli;tcaiggﬁ_rgr
0pens ~bgh Of gt S} 8AShdatbr A dultheTBépRake ciraaionchuti pastiog thtamigh od

passes through it and, when at |east one contajper rema,ns and the dried
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venting into a.c ;E&- 022y %Wb ne{¥nCtodReyiisi €d
mat eri al bei c@é%%wggs eé’%ﬁiﬁg?eby re?grence_ to lil Gs 11 and 12)
enabl es the mchefustiihens 9id gefmblytshdinggnd Whsinrclosedhaitticht Wngess Jopr Einigesaidt
| east some of the thernal__ eper requi.r e t e Qe RY-Ty g of
sai d noi st ”Igp@pgaqngl%ﬂffﬁ %ﬁ%@%ﬂ?&eﬁ?’doﬁe%%eibpgr]el s%ngﬁqqnven%l%ﬁwgﬁggh
reagent gk r%@ﬁﬂbﬁd&ﬁs%@ﬁ%ﬁgmﬂmwmm&mmﬂﬁm
process gases contained in _or belng recirculated through. 30 sagid dryi.ng
and processi Hhendhronghs saic prefopablydidmg WWA@V%W?%&%?%&%%& i on
gas, superhe %&&s@g Blofis %@ﬁ'ﬂﬁ%ﬁsﬂ&%ﬂe@mﬂ jrdcessall the thrduip said
encl osure 123 I'r's E'gscrl g% y reference to FIG 2,.;’ and/or to the gases
reci rcul at i ngreferaliyglidiy antwhelr glosed airgight sepstating degi $7 e 62 caoligg anclosuie ARJUARY
2006 PCTI GB02/ 01497 35 ol .ng_encl r i foBdi Renf! G s
11, 12 and 1?’“"&‘@%@} 3%4?‘5@&5’ aree%%%ﬁ‘sﬁ%%] y % slg%%é?ﬁagﬁ I nt E'tﬁlh‘tg eye of
any of thg sgioded Afight spadati@nddorrss i, saldluroding2nclosse 84 batithioy thresighr eto
FIGs 8, 9 and 10 respectively, or of a recﬁjficul t%’ﬁn f an ref.(ﬁ(rired to by
ref erence toplﬁf@@)'ﬂﬂm&@da‘f’%“m&, gooess0qpE 90, Yihetey farh P, dogE OpSEs e
reagent or 5 t g a4 b 0 Bbnifined o kol ik el &
sai d materialbé?ﬁs eic';'\‘)gjséﬁﬁie an . {) i L.
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 ai 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 reagenis 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




processed or of said solid residues while said solid residues
cool ed, and/or which accelerates or otherw se i npr oves th{?"ﬂ?@ @g@gﬁ‘ﬂg"m%
? By way

processi nyoof3/0sid naterial or the cooling of said soli PET
of exanple, if the solid residues to be produced are charcoal, steam nay be
10 added to said hot process gases recircidlating in any proce55| ng

encl osure described by reference to FIGSs 1, 2, 9, . Lnh use,

the additi oncmﬂhngaandlostraadesséwdew referencectol BiGas d 1t A2 @érlﬁoﬂ@%@lﬁbﬁ%fﬂsal d

dried organic¢ ial tEN2EE | t he
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st eam congal %@%é%&@%ﬁﬁaﬁee ik valk RPsHid MaGhlCviiRised neitéhels bteiilg dﬁedldﬁhser

or cool er 33

own in S or in the condenser 68 shown in F
and 12 or i npcesssbpueiaid m%res@nw@km@éﬁ%mdm%pmow ‘f']he
present inventio *IQFE aget] sRidWW¥erial O 16OBIJERY of
medi um enpl o efatg‘%scoo any o ?&fe% f&@%ﬁg&é%dsi re‘?:fltrcul ated through or
vented i nto sfdyolidfresidies.condensi ng or cool i ng means herein described may be
recovered for reuge, for ex for SPa her .heat i e,
wher eby, in use, By, o3y of ¢ ?egﬁ]tﬁﬁgﬁ‘ﬂé\”? OW %L}ceégretgargﬁ W
vi abi I'i t yp0f agfedi @d0saltl HoPh1068S Tl redicillatig &f by proeksias @aewmgeseﬁmddb;sol i d

resi dues I n any appar at us accordlng to the invention herein described. 25

I n any embodirefemucecto FKEs di @s&ntl i ﬁ@é’f@b}'o‘ﬁ use, theaddition of said sfeam seypyyto

process gase egﬁ REAGES R Vsafal chiRbsl MyAEESHE NY
encl osures o?me%mstgﬁ% ryrng, proce55| ng and cool’i ng enc‘i osuresyﬁr{g
enpl oyefl asngcﬁ\taﬂid dusing eivecfiral daagdhebitspmcwngmbaegasmmgm&mﬂe@méhﬂg

i nternal conbustjon,engi ne and. the the er n_t
exhaust fromWﬁE %?‘B‘i“ﬁ B?%P%%?ﬁﬁ'?h@&%s Ion engl?lteg?rray
be enpl oygd feRvaied ﬂ-ﬁﬂiemaﬂb', wherdbg! & udé, shidGobionvfealphsic@idns swut@sredridy or

any of said dryin processi ng and cool | ng encl osures (‘)’E for space or any

ot her heat i nge-Bse B wenting said syperhesied  steam contgining said porfipn, WRer gy

in said porti SRonil in BGCS Br RIIAL S RSER ﬁﬂsm?é
JANUARY 2006%%3‘?%&%‘6%&%@%%?; 149“7&%% to enhance the viability of
dryi ng and prldmnngmm@pm;amtahomdmmol ing said solid residues in
any apparatus accordin vent | Al | -

enbodi nent of the Mﬂﬁﬂ mﬁ?& ﬁﬁﬂ)scr&%@‘eggﬁ Lgegl%ér P AW o-
f r equencyzoenebalibgHRdidie efiplbyedite dodlaupoall alic gabes rmtcalhie&mhxﬁlﬁglfdr veitedintd 0 or

imediately 5 following its entry intg any sai_d I.ng or dr
processi ng’ afly ebéricardearieg eseraling mepesrhercn ‘Hglrh‘ﬁrg‘t“’vﬁﬁl%?r lgT""'*‘F"rf"’élny

said drying Qeadifiy fi%pald QAT URG h@suﬂlgws@,gwﬁ@mypwsa 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
of excess process gases vented from any of said processing enclosures or of said drying,
processing and cooling enclosures may be employed as a fuel fo 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 auy other heating purpose, whereby, in use, such use of
the combustion energy in said portion of said process gases or excess Process gases serves




whereby, in use, the duration of the drying phase in any said r iﬁ
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descri bedW@03(0¢fét ence to FIGS | to 10 10 an inert ga PRGN st eam
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recirul ated through said cooling enclosure 12 and ma cool .ed,
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above or said bel ow 100C tenperatu | Ler
than steam i@%%ﬁyﬂﬂﬁe 84?% n{dﬁ@#ﬁéﬁio |d reém% 2
inlet dugt ]f%ﬂ aﬂgq,aj ﬂfopessmg(anﬁamdmg@ﬂmsugpmd&rosure
12 and the cool SO|I res ues out et duct 20 descri be rence to
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FIG 6 is rdaronmisdmas Ml W iR OF 678 PG §oding sndlpsitey
cooling enclosuhe e u@qn ?ﬁﬁ@tﬁo?fthet 8SinsSile Blany RS %ﬁsﬂ@tm@fgﬂ@ﬁmm or

other inert “gasfair str cation layer seal it is that of an air/inert
gas ot her t hefuedper heat ed steam stratification |layer seal By way of

exanpl e; at 100C.and at npspher.ic €ss ‘?ﬁ‘éﬂe%?é ’ 48

grans/litre and dP Fgﬂéﬁ"g‘ﬁm fﬁlf %W?Wﬁgs a erfglﬁ?e b1
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material in %a&ﬁglgﬁ P Rodled o hayasbol®d hwhen
Mﬁa{‘?\ ageous Ee @E%oen%gﬁé 1354 fuay 4 >

commer ci al | y "ac I ned, whereby, in use, noist materi al
may, for exaslileesidues,do beddwdoniq, M,WWWQWEMMQEW ow| G

25 descr | bedteigrel 2pd defed B Eitelelo 11 3\ G nO ipRRERITRE sBaMelR T
Tt o ol 1 el ‘ff?ﬁfm e b? o
t enper at ur e dwveoqisad k q‘ﬁ g’%’éﬂg&%ﬁ?ﬁ %gﬁ tﬁggﬁqn
super heat ed %Jeﬁ@maﬁt tof'aﬂlﬁfeﬁt §18.She ﬁsttsoﬁa&esmesmmomeﬁseareﬁgaso léad

t he sai

recirculatin | east dne of superheated ste m a hot a%t gas,

hot air and d@vansdbmseagmhng erclosyre 12 P'&:thﬁd-‘GP@fl 120
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of gases, cogsllarj}gmneagaum layer seal it is that of an airfinert 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 af 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 contimously in drying enclosure 10 in

30 FIG. 2, then as dried material loaded into containers aud processed and cooled as described
by reference to FIG™s 11 and 12.
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or other purposes. 0 25 JANUARY 2006.38 9. A nethod according to any one
of t Keapygeaiaicd Juang thesnitighderplifiryng isertedd is a batch method in which
organic material is placed into an enclosure containing a contro]led

envi Bonmedt maihed aggarding dayanynprg &f the dyecstling laimg, mAsTeihReproppriog, of the
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5. A method according to Claim 4, wherein, where the atmosphere in which the solid residues
are cooled comprises superheated steam, the temperature of the superhéated steam is controlled by
supplying a controlled quantity of atomised water thereto, whereby a proportion of the superheated

steam generated from the atomised water is vented.

6. A method according Claim 3, wherein at least some of the hot process gases vented are

combusted for immediate heating purposes.

7. A method according to Claim 3, wherein at least some of the hot process gases vented are

¢cooled and condensed for subsequent heating or other purposes.

8. A method according to Claim 2 or Claim 5, wherein at least some of the superheated steam

vented is cooled and condensed for heating or other purposes.
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16. A processing apparatus for use in the batch processing of organic

mat erdoatrott@h@virenmentds poviieédssi ng and cool i ng encl osure, neans for
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enclosure to cool said solid residues, valve neans to allow the repl acenent
or sudxithieach jeoclosfre ghrough dogrsd whish: misgn rekesad, fosmasealsysubpianijellyt iravengng dhges .
0 39 25 JANU§RY 21)?61)17. An ﬁ%&?#atu accor ding to Caim16, further
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vent 18. An apparatus according to Gaim16 or Claim17, wherein at
| easttemperature/ibmsity pdiferstil ngragificationolayérs ffoemiwg oisuthe ductpsevingetp famn sgals

processi ng. gpparatus for use in the pr.ocessj ng of .or i C teri.al
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conprisidng at | east one of superheated steam a hot inert gas, hot air and
hot process gases to a controlled tenperature by recirculating said
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organi ¢ nateria cated in"a recirculation path within the processing
encl ogtfosuteds piaidethe organic material to a tenperature in excess of 100C,
a cooling enclosure, neans for cooling an at nosphere conprising at | east
one of5. A method of processing organic material substantially as hereinbefore described with

reference to any of the accompanying drawings.

16. A processing apparatus for use in the batch processing of orgapic material comprising a
processing and cooling enclosure, means for controlling the atmosphere within the processing and
cooling enclosure to allow the recirculation of an atmosphere comprising at least one of superheated
steam, a hot inert gas, hot air and hot process gases through or around indirect heater means and
 through or around organic material located within the processing and cooling enclosure to heat the
organic material to a temperature in excess of 100°C, and to allow the recirculation of an atmosphere
comprising at least one of superheated steam and an inert gas through or around cooling means and
through or around the heated organic materials’ solid residues within the processing and cooling
enclosure to cool said solid residues, valve means to allow the replacement or substitution of gases,

and venting means to allow the venting of gases.
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super &Rfihe endléstadisiphdvaddh or around indirect heater means and through or

around organic material located within the drying enclosure in order to dry
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to be conbusted for | mediate heating purposes. 26. An apparatus according

t 0 anypwrieatfg A the oegahi mateid is wintadei n neans are provided to enable at

| east sonme of the hot process gases vented during the heating of organic
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subs eﬁe%i??&lat?n?gaénl Qt?no(sjlghe(r)é cgrgpl‘?slfr{gpgus})%ﬁleated steam through or around indirect heater means
and through or around organic material located within the drying enclosure in order to dry said
organic material, and venting means allowing a proportion of the superheated steam generated

during drying to be vented.

21.  An apparatus according to Claim 19 or Claim 20, further comprising at least one additional
processing enclosure.

22.  An apparatus according to any one of Claims 19 to 21, wherein the seal means comprise
mechanical seals or doors substantially preventing the flow of gases into, out of and between said
enclosures.

23.  An apparatus according to any one of claims 19 to 21, wherein the seal means comprises

ducts extending downwardly from the enclosures through which organic materials or their solid



27. An apparatus according to at | east one of Caim20 and O ai
wherein nmeans are provided to enable at |east sone of the sup&?ﬂéﬁ%m{m%
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24.  An apparatus according to any one of Claims 16 to 23, wherein, where the atmosphere in

which the solid residues are cooled comprises superheated steam, means are provided to conirol the
temperature of the superheated steam by supplying a controlled quantity of atomised water thereto,
and venting means are provided whereby a proportion of the superheated steam generated from the

atomised water is vented.

25.  An apparatus according to any one of Claims 16 to 24, wherein means are provided to enable
at least some of the hot process gases vented during the heating of organic material to a temperature

in excess of 100°C to be combusted for immediate heating purposes.

26.  An apparatus according to any one of Claims 16 to 25, wherein means are provided to enable
at least some of the hot process gases vented during the heating of organic material to a temperature

in excess of 100°C 1o be cooled and condensed for subsequent heating or other purposes.

27.  An apparatus according to at least one of Claim 20 and Claim 24, wherein means are
provided to enable at least some of the superheated steam vented to be cooled and condensed for

heating or other purposes.

28. A processing apparatus according to any one of Claims 16 to 27, further comprising means

for use in the addition of at least one reagent to one or more of the recirculating atmospheres.

29. A processing apparatus for organic material substantially as hereinbefore described with

reference to any of the accompanying drawings.



