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The invention relates to a method and apparatus for
continuous drying of moist materials in superheated steam.

The expression "materials™ is intended to include
moist materials of all kinds which may require to be dried,
including granular or friable raw materials, partly processed
materials and products, finished materials and products, and
residues. For example the invention is applicable to the

drying of chemicals, pharmaceuticals, coal, timber, cloth,
paper, towels, bed linen, garments, bricks, porcelain, sewage
sludge and the residues produced by the recycling of paper.
It is known to dry moist materials by the use of
superheated steam. For example, British Patent Specification
No. 2209383 describes a method and apparatus in which moist
materials to be dried are introduced into an enclosure and the
alr or other gas which initially fills the enclosure is
recirculated between a heat source and the material so as to
produce steam from the moisture in the material. This steam
increasingly displaces the initial gas from the enclosure and
continues to be heated by recirculation past the heat source
until it becomes superheated. A proportion of the steam is
discharged from the enclosure through a vent and at least part
of the thermal energy is recovered from the discharged steam
by condensation.
Specification No. 2209383 discloses primarily a
batch process in which a batch of material is introduced into
for

is dried and is then removed.

the enclosure, However,



sl udge and the residues produced by the recycling of paper. It
is known to dry mghskhetBisBiaalRSpil¥d t he use of superheated steam For
[ |s to be dried are introduced into an

exanmple, British P tion No. 2209383 describes a nethod and
apparatus in whi Chaﬂmﬂiﬂnﬁlﬂtm

encl osure and the as which injtially fills the enclosure is
recircul ated between a heat source and the material so as to produce steam
fromthe noisture in the material. This steam increasingly displaces the
initial gas fromthe enclosure and continues to be heated by recircul ation
past the heat mwanyceommenxdial tappdcdmadsongpathésat ddsirablepbori natefriahs to

steamis discharged fromthe enclosure through a vent and at |east part
of the thernmalbendinjed sine@verrtinuonst progessharhrie sthemmafierials are

condensat i on. . .
continually passed through a drying location. 1In a batch

method there is no difficulty in retaining the superheated

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

enclosure may simply be sealed in gas-tight manner after the

batch of material has been introduced and opened again when

it is necessary to remove the material after drying. 1In a

continuous drying process, however, it is necessary to prevent

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

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

the same time allowing the continual passage of materials into

and out of the enclosure. It is therefore necessary to

provide some sort of substantially gas-tight seal or barrier

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

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

of the superheated stean. In British Specification

No. 2209383 a continuous drying arrangement is described where

the inlet and outlet from the enclosure are each defined by

20 a pair of cooperating rollers having flexibly <xesilient

engaging outer surfaces. A conveyor, carrying the articles

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

and the resilient outer surfaces of the rollers press tightly

against the conveyor and articles as they pass through, thus

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

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

In the arrangement described in the earlier
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conveyor and it is quite feasible for garments, at least of

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

However, there are many other materials for which this form

of barrier is unsuitable, either because the flexible rollers
cannot provide an adequate gas-tight seal in view of the

nature and shape of the materials, or because the materials

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

For example it is extremely difficult to arrange for bricks
and similar solid articles to pass between resilient rollers

in a substantially gas-tight manner, and comparatively

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

damaged by the pressure of the rollers.

The present invention sets out to provide a method

‘and apparatus for continuous drying of moist materials in

superheated steam whereby the materials to be dried pass into

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

which allows the free passage of the materials without any

significant restraint, while at the same time providing
effectively a substantially gas-~tight seal to prevent the
escape of superheated steam from the drying enclosure or the
entry of air into the enclosure.

According to the invenﬁion there is provided
apparatus for continuous drying of moist materials in

superheated steam comprising a drying enclosure, means for

generating superheated steam at least partly to dry moist

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

communicating with the enclosure, means for conveying material



it s necessary to'Téhﬁve_the material after drying. In a continuous
dryi ng process, Thixghee€Has Bebn Replakt@Cessary to prevent the escape of the

‘super heat ed stea sure, and the entry of air into the
encl osure, during at the sane tinme allow ng the continua
al's™l

passage of material: out of the4encl osure. It is therefore
necessary to provide some sort of substantially gas-tight seal or barrier
which will permt the passage of the materials into and out of the

SUper neat od | ateath said dupys GO Breh PRGNS EROMEEAFeBGEReLY . ot
rom the encl Jeaft aPBlinchuidated by — axoain ASmafiLE  ofth, Ches
having f1exi by hGRichelbn WIER0ER CAEoSUELAGR RabRRYCYRR - i Yehd
through which, in use, said material is conveyed out of the
5 duct whereby, in use, stgam tending to pass downwardly along
said outlet duct and external air or other gas tending to pass
upwardly along the outlet duct meet to form within the duct
a temperature and density differential stratification layer
between said steam and air or other gas, which layer inhibits
10 the escape of steam from the enclosure and the entry of said
external air or other gas into the enclosure, by flow along
the outlet duct, while permitting the conveyance of material
along the duct and through said stratification layer.
Said inlet duct may also extend downwardly from its
15 communication with the enclosure and have an open end through
which, in use, said material is conveyed into the duct
whereby, in use, a temperature and density differential
stratification layer is also formed within the inlet duct
between said steam and air or other gas, which layer inhibits
20 the escape of steam from the enclosure and the entry of
external air or other gas into the enclosure, by flow along
the inlet duct, while permitting the conveyance of material
along the inlet duct and through said stratification layer.
The inlet and outlet ducts may be separate, or there
25 may be provided a single common duct which constitutes both
said inlet duct and said outlet duct.
Alternatively said inlet duct may, in use, be such

that it is substantially filled with material being conveyed



to be dried, passes through the nip of each pair of rollers and the
resilient outer BisSheeHss Baén RPRcedol | ers press tightly  against the

conveyor and arti ass through, thus provi ding a
substantially gas | prevent the escape of superheated steam
fromthe enclosure, or € air into -t%me encl osure. In the

arrangenent described in the earlier - 3-
specification the articles are garnents suspended froma conveyor and it

Is quite feasible for, garnments, at |east, of sonpe_kinds, to gass bet ween
f1 exi bl e rol | 8tengsaid dughdfhereby said material itself forms a barrier

to the escape of steam from the enclosure along the inlet

a duct.

Said means for generating superheated steam may

5 4include a heat source and a fan device for circulating gas
within the enclosure between the heat source and material to
be dried in the enclosure, whereby said superheated steam is
generated, at least in part, from moisture in said material.
Alternatively or additionally the neans for

10 'generating superheated steam may include external steam
generating means separate from the enclosure, and conduit
means for delivering externally generated steam to the
‘enclosure.

In any of the above arrangements said means for

15 conveying material along at least one of said inlet and outlet
ducts may comprise a conveyor structure which is bodily
movable along the duct and on which said material is
supported. For example, the conveyor structure may comprise
a stretch of ah endless band conveyor.

20 Preferably there is provided in the enclosure
conveying means to transport material through the enclosure
from the inlet duct to the outlet duct. This conveying means
may be heated so as to heat and assist in the drying of
material supported thereby in the enclosure.

25 The conveying means for transporting material
through the enclosure and said means for conveying material
along at least one of said inlet and outlet ducts may comprise

portions of a single substantially continuous conveyor.



However, ther eTkis ShettMAYR&RL R&Jacipt €rials for which this form of barrier is

unsui table, eit | flexible rollers cannot provide an adequate
‘gas-tight seal i u [ nat ure and shape of the materials, or
because the mat e damaged or altered by the pressure of the
rollers. For exanple it is extrenely difff&€ult to arrange for bricks and

simlar solid articles to pass between resilient rollers in a
substantially gas-tight manner, and conparatively delicate products, such

The prosent i nvention sdtk W Tb HHOVITS LIRS appRPEELST GE the

material s to BUtaAte RS tah oy r btk ForCr oL “Ealb okl R stk ity

non- mechapi cal a3 bela and a portion of the outlet duct below the
stratification layer may be substantially uninsulated.

5 Apparatus according to the invention preferably
includes a vent duct for venting a portion of the superheated
steam from the enclosure. The vent duct may have an outlet
disposed substantially at the level of said stratification
layer.

10 The vent duct may include a condenser to condense
said port. n of superheated steam vented ->m the enclosure,
so as to recover thermal energy therefrom. The condenser may
be located adjacent said inlet duct so as to pre-heat, by heat
exchange, moist material being conveyed along said inlet duct,

15 and fan means may be provided to circulate heated gas between
said condenser and said moist material being conveyed along
the inlet duct.

In the case where a stratification layer is formed

in the inlet duct said condenser may be located adjacent a

20 portion of the inlet duct below the said stratification layer.
A compressor may be provided in said vent duct to

compress said portion of the superheated steam vented from the
enclosure through the duct, compressed steam from the
compressor being delivered to a condenser located within the

25 enclosure so as to contribute to the heating of moist material
in the said enclosure.

In any of the arrangements according to the

invention the apparatus may be enclosed within a chamber



whi'ch al |l ows trheshestans BagRadROf the materials w thout any significant
restraint, whil time providing effectively a substantially
gas-tight seal ﬂ&mmgm“ escape of superheated steamfromthe drying
encl osure or t r into the enc)osure. According to
the invention there is provided apparatus ‘for continuous drying of noist

materials in superheated steam conprising a drying enclosure, neans for
generating superheated steamat |east partly to dry noist materials in

sald onc 05U oy B! Moo ¥ Al o TRV e b6

-4 atmospheric pressure, thereby to reduce the temperature of the

«  superheated steam. Preferably the enclosure includes

automatically controlled discharge means for discharging

5 excess steam from the enclosure for use elsewhere, said

discharge means including a control device, such as a

volumetric flow control valve, to restrict the discharge of

steam from the enclosure to a quantity insufficient to allow

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

10 through the aforesaid inlet and outlet ducts, to replace the
discharged stean.

In apparatus according to the invention there are
preferably provided in the enclosure, and/or in at least one
of said inlet and outlet ducts, baffle means to tend to

15 equalise the pressure within and above the upper section of
said duct or ducts, to inhibit entrainment of air or steam by
the conveyance of material along the duct or ducts, and to
confine within the enclosure the turbuiénce of the superheated
steam which would otherwise tend to de-stabilise said

20 stratification layer. .

The apparatus may also include a closable outlet
from the enclosure whereby the outlet, when opened, allows
superheated steam in the enclosure to be displaced by external
air or other gas passing into the enclosure through said inlet

. 25 or outlet ducts.
The invention includes within its scope a method of

continuous drying of moist materials in superheated steam in

apparatus comprising a drying enclosure, means for generating



al ong said ducts to and fromthe enclosure respectively, at |east said
outlet duct exoeduaBdorOMadly fromits communication with the enclosure
‘and havi ng an ugh whi-ch, in use, said material is conveyed
out of the dJIgmmB"%m use, steamtending to pass downwardly al ong
said outlet du | air or other8gas tending to pass upwardly
along the outlet duct neet to formwithin the duct a tenperature and
density differential stratification |ayer between said steamand air or
other gas, which layer inhibits the escape of steamfromthe encl osure and
the entry of s\Wperheatednstean at Jdgast gaarthy o tchediancmedsite materials

along the outlet duct, while permtting the conveyance_of material along
the duct and ¥M8bdgh e d ehclAsuWhegat ABn MRl duct and an outlet duct

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

5 respectively, the method comprising disposing said outlet duct
to extend downwardly from its communication with the enclosure
and controlling the generation of superheated steam within the
enclosure so that steam tending to pass downwardly along said
outlet duct and external air or other gas tending to pass

10 upwardly along the outlet duct meet to form within the duct
a ‘temperature and density differential stratification layer
between said steam and éir or other gas, which layer inhibits
the escape of steam from the enclosure and the entry of
external air or other gas into the enclosure, by flow along

15 the outlet duct, while permitting the conveyance of material
along the duct and through the stratification layer.

The method may also comprise disposing said inlet
duct to extend downwardly from its bommunication with the
enclosure so that steam tending to pass dowhwardly along said

20 inlet duct and external air or other”gés tending. to pass
upwardly along the inlet duct meet to form within the duct a
temperature and density differential stratification 1layer
between said steam and air or other gas, which layer inhibits
the escape of steam from the enclosure and the entry of

25 external air or other gas into the enclosure, by flow along
the inlet duct, while permitting the conveyance of material
along the inlet duct and through said stratification layer.

The following is a more detailed description of



Said inlet duct may al so extend downwardly fromits comunication with the
encl osure ah as cednd t hrough which, in use, said material is
‘conveyed int I ﬂﬁ u ereby, in use, a tenperature and density -
differenti al on layer is also forned wthin the inlet duct

bet ween said steamand air or other gas, whpeh |ayer inhibits the escape
of steamfromthe enclosure and the entry of external air or other gas
into the enclosure, by flowalong the inlet duct, while permtting the
conveyance of material along-the inlet duct and through said

stratificati oemhgdiments of theTHaviemtdomndwwWart ofuexampde barefarence,
or there may be provided a single common duct which constitutes both said
inl et duct andedidi masle o dihe accompanying\degwbngs ely whaiehi nl et duct

may, in use, be such that it is substgntially filled with material bein
co%veyed » éﬁgure 1 1s a d%agramﬁétlc secﬁ%on through a basf%

form of continuous drying apparatus according to the
5 invention, and

Figures 2-7 are similar views of further forms of
drying apparatus according.to the invention.

Referring to  Figure 1, there is shown
diagrammatically a sectional representation of a basic form

10 of apparatus in accordance with the invention for drying moist
materials of virtually any kind. The apparatus comprises a
drying enclosure 10, an inlet duct 11 leading upwardly to the
bottom of the enclosure 10 at one end thereof, and an outlet
duct 12 1leading downwardly away from the bottom of the

15 'opposite end of the enclosure 10.

An inlet conveyor 13 extends upwardly through the
inlet duct 11, a drying conveyor 14 extends through the drying
enclosure 10, and an outlet conveyor 15 extends downwardly
through the outlet duct 12.

20 The conveyors 13, 14 and-ls may be of .any form
appropriate to the nature of the materials being conveyed.
For exampl_e . if the materials to be dried are discrete
articles they may be suspended from the conveyors, contained
in pockets or other supports on the conveyors or displaced

25 along the duct by elements on the conveyors. In the
diagrammatic drawing the ducts 11 and 12, and conveyors 13 and
15 are shown as being steeply inclined but they could instead

be inclined at an angle which is sufficiently shallow for the



-5- al ong said dhbt whereby said material itself fornms a barrier to
cape wﬁsSﬁeahs Replaossl encl osure along the inlet duct. '

the e

*Sai d neans f uperheated steam may include a heat source and
a fan device g gas wthin the enclosure between the heat
source and naterlal to be dried in the entbesure, whereby said superheated

steamis generated, at least in part, fromnoisture in said nmaterial.
Alternatively or additionally the nmeans for

conveyor to provide an inclined surface on which the materials
simply rest.
s The conveyors 13, 14 and 15 may comprise stretches
of a single continuous conveyor system, or they may comprise
5 separate conveyors, the arrangement being such that as an
érticle reaches the end of one conveyor it is transferred to
the beginning of the following conveyor.
The bottoms .of the ducts 11 and 12 are open as
indicated at 16 and 17 respectively and there are clearances
10 between the conveyors, and the materials they carry, and the
walls of the ducts 11 and 12. The materials may thus pass
freely into and out of the enclosure 10 without having to pass
through any meéhanical barrier. Moist ﬁaterials 18 on the
inlet conveyor 13 are represented by the symbol "x", materials
15 19 being conveyed within the enclosure 10 on the drying
conveyor 14 are indicated by the symbol "*%, and dried
materials 20 passing downwardly along the outlet conveyor 15
are represented by the symbol Y“o%.
The material 19 passing through the drying enclosure
20 10 is dried by the passage of superheated steam over the
material while it is passing through the enclosure 10. The
superheated steam may be generated from an external source and
delivered into the enclosure 10 from that source, or it may
be generated from the moisture in the material being dried as
25 described, for example, in British Patent Specification
No. 2209383 or as will be described in relation to further

embodiments of the present invention.

According to the present invention, due to the



generating superheated steam may include external steam generating neans
separate froffi t cedand conduit neans for delivering externally
‘gener at ed stei ﬂ osure. In any of the above
arrangenent s conveying material along at |east one of said
inlet and outlet ducts may conprise a convdyor structure which is bodily
novabl e al ong the duct and on which said material is supported. For
exanpl e, the conveyor structure nmay conprise a stretch of an endl ess band
conveyor. . Preferably there i s provided in the enclosure

conveyi ng neafidsRegitipot ndhe | dnlekr odyRtt ndlepds Putlet ofugfe 13,0t

duct to the outlet_ duct. This conveyi means may be heated so as to heat
and assi st i nsPﬁsrl}Wﬁﬁg ﬁgeaﬁatzﬁﬂéq ntg‘h;ﬁﬁﬁa&ed B¢ eRCLRSUES 110 srust

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

However, the superheated steam tending to pass downwardly
5 along one of these ducts will meet external air or other gas
passing upwardly along the duct, having entered at the lower
open end thereof. Where the superheated steam and external
air meet there is formed a substantially horizontal
temperature and density differential stratification layer, as
10 indicated diagrammatically at 21, which inhibits the escape
of steam from the enclosure 10 and the entry of external air
or gas into the enclosure, by flow along either duct, while
allowing the conveyance of the material through the
stratification layers. Materials to be dried may thus be
15 'passed continuously into and out the drying enclosure 10
through what is; in effect, a non-mechanical substantially
gas-tight seal which has no effect on the passage of the
conveyors or material.

Typically, where the ambient temperature is 25°C at
20 70% relative humidity, the stratification layer 20 may
comprise a steam/air mixture at a temperature of 100°C and a
density of 1.37m’/kg. Above the stratification layer may be
pure steam at a temperature of 100°C and a density of
1.67m’/kg, whereas below the stratification layer there may be

25 air at 100°C and a density of 1.08m’/kg.
Lower down each duct the air may have a temperature

of 75°C and a density of 1.00m3/kg whereas nearer the top of



The conveyiqﬂ_ a or traniporting material through the encl osure and
sai d neans f ¥ rial along at | east one of said inlet and
‘outl et ducts portions of a single substantially continuous
conveyor. ' In any of the above arrangenents a
portion of the outlet duct above the straflefi cation |ayer may be thermally
I nsul ated and a portion of the outlet duct below the stratification |ayer
may be substantially uninsul at ed. Appar atus according to the

i nvention preferably includes a vent duct for venting a portion of the
superheated each duct the steam may have a temperature of, say, 125°C and

a density of 1.79m%/kg.
The substantial difference in density between the
air below the stratification layer and the steam above the

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

‘cross-diffusion of either of the two gases. In practice a
thin stable horizontal layer of “cloud" can sometimes be seen
in the stratification layer, where the cooling effect of the
ambient air lower down the inlet or outlet duct causes minute

10 suspended water droplets to form in the layer.

As will be described in greater detail in relation
to subsequent embodiments, a portion of the superheated steam
may be discharged from the enclosure 10 through a vent duct
22.

15 In Figures 2-7 elements corresponding to elements
in the embodiment of Figure 1 are given the same reference
nunerals for convenience. In the embodiment of Figure 2 the
superheated steam which effects the drying.of the material is
wholly or partly generated from the moisture in the material

20 19 which is, for the time being, on.the drying conveyor 14
within the enclosure 10. To this end there is provided within
the enclosure 10 a heat source indicated diagrammatically at
23 and a power driven fan 24 which circulates the gas within
the enclosure 10 over the material 19 on the drying conveyor

25 14 and across the heat source 23, as indicated by the arrows
25, The heat source 23 may be of any suitable form, for
example as described in the above-mentioned British Patent

Specification No. 2209383, and instead of being located within



steam from the g , vent duct may have an outlet disposed
substantially at Spedeiie Be qumfgid stratification |[ayer. ' The
‘vent duct may inH u ser to condense said port n of superheated

st eam vent ed so as to recover thermal energy therefrom
The condenser may be |ocated adjacent satiB- nlet duct so as to pre-heat,
by heat exchange, noist material being conveyed along said inlet duct,
and fan neans nay be provided to circul ate heated gas between said
condenser and said noi st material being conveyed al on the inlet duct.

In the case e englosuxe A0cAtFehl) Jlie heal sqree 29 @Afl/a diheidkan <4 d

condenser nmay be | ocated adjgcent a_ portion_of. the inlet d%ct bequthS
sai d stratifia¥iP® nggpgd n chambers or ducts communicating with the

« interior of the enclosure 10.
To start the drying process the air or other gas
5 which initially fills the enclosure 10 is circulated past the
heat source 23 and a first portion 19 of the material to be
dried which is located within the enclosure 10. 1In this
initial period the conveyors may be stationary. As the air
or gas 1is recirculated it becomes heated and begins to
10 generate steam within the enclosure 10 from the moisture in
the material 19. As the heating and recirculation continues
the steam generated from the moisture in the material beconmes
superheated. The vent duct 22 allows a portion of the
generated steam to be discharged from the enclosure through
15 an outlet 26.

The conveyors are then started so that the dried
material 19 passes on to the outlet conveyor 15 and further
moist material passes on to the drying conveyor 14 from the
inlet conveyor 13. The process then proceeds continuouély,

20 moist material being delivered from 5 bulk supply and passed
up the inlet duct 11 while the dried material passeé
downwardly along the outlet duct 12 to an appropriate delivery
station.

The enclosure 10 and preferably at least the upper

25 sections 27: and 28 of the ducts 11 and 12 are thermally
insulated. As in the arrangement of Figure 1, the substantial
gas—-tightness of the enclosure 10 and the upper sections 27

and 28 of the ducts is maintained by the horizontal



A conpr essgs siRyHRB@Tyha@ed in said vent duct to conpress said portion of

‘the superhe ted fromthe enclosure through the duct,

conpr essed EHHHHMEN conpressor being delivered to a condenser

| ocated wit osure so as to contribute to the heating of noist
material in the said enclosure. -1l&n any of the arrangenents
according to the invention the apparatus may be encl osed within a chanber
-7- havi ng neans for reducing the pressure in the chanber bel ow

at nospheric pressure, thereby to reduce the tenEerature of %he
temperature and density differential stratification layers 21

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

4 differences in temperature and density between the superheated
steam and the ambient air or other gas.

5 The stratification layers 21 are located within the
middle sections of the ducts 11 and 12 by locating the outlet
26 from the vent duct 22 at an appropriate level, for example
at the upper ends of lower sections 29 and 30 of the ducts 11
and 12 respectively.

10 As previously mentioned, in addition to the
superheated steam generated from the moisture in the material
being dried, part of the superheated steam within the
enclosure 10 may also be produced externally, for example by
a steam raising boiler (nét shown), and injected through a

15 'pipe {also not shown) intosthe enclosure 10. By the use of
such an external source of éteam displacement of the initial
air or other gas from the enclosure 10 may be accelerated.

Breaching of +the barrier provided by the
stratification layer 21 in the inlet duct 11, by diffusion of

20 external air or other gas through the 1layer 21, may be
inhibited by the downflow within the duct of steam which
condenses on and so heats the material 18 being introduced
upwardly through the duct. Breaching of the stratification
layer 21 in the outlet duct 12 may be inhibited by downflow

25 through the duct of a small volume of steam entrained within
and around the materials being conveyed as dried materials 20
down the duct 12, which small volume of steam is sufficient

to prevent external air or other gas rising through the open



super heat ed Preferably the enclosure includes automatically
controll ed d|§ el Fddlscharglng excess steamfromthe encl osure
harge means i ncluding a control device, such

‘for use el sewh
as a volunetri valve, to restrict the discharge of steam

fromthe enclosure to a quantlty insuffictEst to allow external air or
other gas to be drawn into the encl osure, through the aforesaid inlet and
outl et ducts, to replace the discharged steam I n appar at us
according to the invention there are preferably provided in the encl osure,

and/or in at basetlbme tde swck AR endRHEHrging inta thepstepm wikhing he

tend to equalise the pressure wthin and above t p section,of _said
duct or duct SNEEOFHREHAL - enfPa PRy toithe |eQ£r§&Qﬁ§%%%PaTrﬁmﬁﬁﬂﬁﬁ?aﬁfgmof

tmjﬁ gL: 2Incgl 8 %gegggghqg& g&c t%nd cltuct Cﬁnft'l_hnee lvénw}ehll* nzsc:ti.c eigrrll c&gsg&e fxge
duct may be left uninsulated so that its walls remain at or
5 near ambient temperature and thus cause the entrained steam
to condense on the inner surfaces of the walls. Sloping
drainage runnels (not shown) may be provided in the lower end
of the duct 12 to prevent the resulting condensate from
dripping onto the dried material.

10 In the embodiment of Figure 3, the heat source 23
of the apparatus of Figure 2 is omitted, and the drying
conveyor 31 on which the material 19 is conveyed through the
enclosure 10 is itself heated. The conveyor 31 may either
itself be directly heated, for example by internal electric

15 'heating elements, or it may be heated by conduction and/or
convection from another heat source (not shown) with which it
is in close proximity or contact. In this case the
circulation of superheated steam within the enclosure 10, and
the initial circulation of the air or gas which initially

20 fills the enclosure, may be effected'by convection and/or an
optional power driven fan 32 may be provided to effect forced
circulation of the superheated steam, as indicated by the
arrows 33. -In addition to the heated conveyor one or more
additional heat sources (not shown) may also be provided

25 witﬁin the enclosure 10, or in communication with it. As in
the previously described arrangements, superheated steam may
also be supplied to the enclosure 10 from an external source.

Figure 3 also shows an arrangement whereby at least



encl osure wher when opened, allows superheated steamin the
encl osure to b external air or other gas passing into the
encl osure through sald inlet or outlet dudfs. The invention

I ncludes within its scope a nethod of continuous drying of noist materials
i n superheated steamin apparatus conprising a drying encl osure, nmeans for
%g? g;?;: Qg part of S&Pee rQ:aetrengals tee%rgr%ty O%Staparortylch? dorf/ '{?{eSt steam

st eam whi ch | d ot gnd to de-stabilise said stratification
layer. ks ﬁmfﬁ%% éﬁf may al so include a closable outlet fromthe

circulating in the enclosure 10 may be recovered for use. In
«  this case there is provided in the vent duct 22 a condenser
34 to condense out the steam escaping through the vent duct
5 22. A heat exchanger (not shown) may be associated with the
condenser 34 to transfer the recovered thermal energy to
another mediuq so that it may be used for another purpose.
Figure 4 shows an arrangement which is particularly
suitable for use with materials which might be damaged by the
10 condensation of additional moisture on them as they are fed
to the drying location, and provides an arrangement whereby
such condensation may be avoided.
The arrangement of Figure 4 may incorporate any of
the features described above in relation to Figures 1-3 and
15 such features will not therefore be described again in detail.
In the embodiment of Figure 4 there is connected to the vent
duct 22 a further duct 35 incorporating an additional
condenser 36. The condenser 36 is located within a chamber
37 forming part of the lower portion 29 of the inlet duct 11
20 so as to provide a heat source within that chamber., In this
arrangement the lower portion 29 of the inlet duct 11 may be
vertically arranged as shown. A power driven fan 38 is also
located within the chamber 37.
Condensation of steam exhausted through the vent
25 duct 22 and passing through the condenser 36 heats the air or
other gas within the chamber 37 and the fan 38 recirculates
the heated ailr, preferably horizontally, across the conveyor

13 and moist material 18 as indicated by the arrows 39. The



inside the enclosure, an inlet duct and an outlet duct comunicating with
t he encl osur ®his $ieet HaeBdas RE conveying material along said ducts to and
‘fromthe enclq vely, the nethod conprising disposing said
outlet duct { rdly fromits conmunication with the encl osure
and controlling the generation of superheated steamw thin the enclosure
so that steamtending to pass dowwardly along said outlet duct and
external air or other gas tending to pass upwardly along the outlet duct
meet to formw thin the duct a tenperature and density differential
stratificati creating opdheaeisti materimlapd prEsbRg MPRrdby threugh| bher
inhibits the escape of steamfromthe encl osure and the entégeof ext er nal

air or other hewernpertpenced dhe dnlgt dusk b Rrevents crriensrtionnrfe

ermtting the conveyance of mater, al .
P 4 steam o% e material 18 as it passes upwardly through the

stratification layer 21 and into the upper portion 27 of the

5 duct 11 and the enclosure 10. The preheating of the material
18, as well as preventing condensation on it, also reduces the
amount of necessary external heat input into the dryer and the
time needed to dry the moist material as it passes through the
enclosure 10.

10 Following the additional condenser 36 the duct 35
leads to upward and downward outlets 40 and 41 respectively.
Thus any uncondensed steam flowing out of the condenser 36
rises upwardly through the upward outlet 40 to the level of
the outlet 26 from the first condenser 34 while condensate

15 from the condenser 36 is trapped and discharged by gravity
through the downward outlet 41.

In a modified version of the arrangement shown in
Figure 4, the further duct 35 may be connected to the outlet
26 of the first condenser 34, instead of to the vent duct 22

20 as shown. The two condensers 34 and 36 are then connected in
series instead of in parallel, so that any uncondensed steam
and all of the condensate flowing out of the outlet 26 from
the first condenser is passed to the condenser 36.

Figure 5 shows a modified version of the embodiment

25 of Figure 4 where steam vented through the vent duct 22 is not
passed to an external condenser 34 but is delivered to a
condenser within the enclosure 10.

In this arrangement steam discharged from the



al ong the dugt and through the stratification |ayer. The et hod
may al so co s cedaid inlet duct to extend downwardly fromits
“comuni cati on H osure so that steamtending to pass downwardly
along said i xternal air or other gas tending to pass
upwardly along the inlet duct neet to forml®rthin the duct a tenperature
and density differential stratification |ayer between said steamand air
or other gas, which layer inhibits the escape of steamfromthe encl osure

and the entry of _ external air or other.gas into the epclosure, by flow
al ong the ineBrlggure i | Ehpepght tthey ﬁ%tCGHﬁgyéﬁ%elﬁfqﬂmﬂﬁﬁﬁﬁgdeﬁﬁnﬁ

the inlet duct and through said stgatichatLqp qugr. t3 € Thg t
following i s SOMPrESFO 4% SR8, Ot FGriSEr 1ts saturation temperature to

* above that of the superheated steam in the enclosure 10 to

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

5 recovered in a condenser 43 which is connected to the

compressor 42 and located within the enclosure 10. The

condenser 43 then serves as an additional heat source within

the enclosure 10 thus contributing to the drying of the

material 19 passing through the enclosure. Any steam and

10 condensate discharged from the condenser 43 is delivered

through a conduit 44 to a heat exchanger 45 located in a
chamber 46 in the lower portion 29 of the inlet duct 11.

The heat exchanger 45 serves to preheat the moist
material 18 passing upwardly through the inlet duct 10, as

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

In the arrangement of Figure 5 it must be ensured
that the quantity of steam drawn into the compressor 42 is not
sufficient to cause external air or other gas to be drawn
upwardly into the enclosure 10 through either of the ducts 11

20 or 12. . .

This is achieved automatically if total heat use
balances total thermal energy input. In this context total
heat use comprises the heat used to generate steam from the
moisture, together with that lost in the hot dried material,

25 the condensate and any steam leaving the apparatus as well as
that lost through thé thermal insulation provided. The total
thermal energy input comprises the heat output of the

condenser 43, together with that of any other heat source and



-9- enbodi nent s of_fhe i nventi on, by way of exanple, reference being

made to the adb thgs in which: Figure 1 is a
"di agranmati c s a basic formof continuous drying apparatus
according to t and Figures 2-7 are simlar views

of further, forns of drylng appar at us accdﬁérng to the invention.
Referring to Fi gure 1, t here S shown diagrammatically a
sectional representation of a basic form of apparatus in accordance with

;BgaLgrﬁgtggn %?rgg ilngwggﬁln tﬂguéﬁéfﬂéhég lo,rigglhﬁa%nﬁxchg%gé; %5 and
any fan within the lower portion 29 of the inlet duct 11.
“ In this embodiment of the invention, if the said
total heat use is significantly less than the said total
5 thermal energy input, at least part of the compressed steam
output may be piped out of the enclosure 10 to enable it to
be used elsewhere as process steam, and automatic control
means, for example a volumetric flow control valve, may be
employed to restrict such use to ensure that the portion of
10 steam withdrawn is not sufficient to cause external air or gas
to be drawn into the enclosure upwardly through the ducts 11
and 12.
Again in this embodiment of the invention, if the
said total heat use is more than the said total thermal energy
15 'input, one or more externally supplied heat sources may be
provided to at least balance the excess, again to prevent
external air or gas being drawn into the enclosure.
An arrangement comprising the compressor 42 and
condenser 43, as shown in Figure 5, may also be employed in
20 any of the other described embodiments of the invention, and
such embodiments may also include an external condenser such
as is indicated at 34 in Figure 3.
In all of the above—~described arrangements separate
inlet and outlet ducts 11 and 12 are provided. Figure 6 shows
25 diagrammatically an alternative arrangement where a single
common duct serves as both an inlet and outlet duct.
Referring to Figure 6, the common duct 48 leads

upwardly at an angle to one end of the enclosure 10 and



tomof the opposite end of the enclosure 10.
An inlet conv upwardly through the inlet duct 11, a drying
conveyor 14 extends through the drying enrngbesure 10, and an outl et
conveyor 15 extends downwardly through the outlet duct 12. The
conveyors 13, 14 and 15 may be of any form appropriate to the nature of
the materials being conveyed. For exanple, if the materials to be dried
are di screte Captadnss ameyPprraydb@oyisge dtrt r eANYRECE ohPeyiRACeE ofraPnad
I n pockets or ot her ports on th onveyors or_displaced along the duct
by el ements oﬂ°Yﬂ8aE§x§e?8V§Fg °uFE h8°néFX§Fa§ﬁatic drawi ng the ducts 11

and 12, and conveyors 1§ta@ﬂe upper end of the inlet conveyor 49 the moist

dryi ng encl ogir aﬁi%ﬁg%ﬁgle% duct 11 | eading upwardly to the bottom of
WL

the encl osure hereof, and an outlet duct 12 |eading
downwar dl y awi

material 18 is transferred to one stretch 51 of a drying

5 conveyor extending through the enclosure 10. At the end of

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

return stretch 52 of the drying conveyor from where it is

delivered to the upper end of the downwardly moving outlet

conveyor 50. As in the previously described arrangements the

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

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

In Figure 6 the material 19 being dried within the

enclosure 10 is shown as falling downwardly from the end of

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

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

of illustration, and it will be appreciated that the stretches

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

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

configuration. Similarly, although the inlet and outlet

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

they could equally well be disposed side-by-side within the
common duct 48.

Figure 6 shows a simple vent duct 22 corresponding

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

25 the previously described condenser arrangements may also be

provided. Indeed, any of the optional features described in

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

to the embodiment of Figure 6.



15 are shown agiskgieNthssts: Meef NCl i ned but they could instead be inclined

.at an angl e whi ntly shallow for the
-10- conveyoﬂ mw E En i nclined surface on which the materials
and 15 may conprise stretches

sinply rest. onveyors 13,_%3_
of a single continuous conveyor system or “tthey may conprise separate

conveyors, the arrangenent being such that as an article reaches the end
of one conveyor it is transferred to the beginning of the foll ow ng

conveyor. If the moist material to be dried is in the form of
a slurry, or other flowable material, it may be delivered to
“ the drying enclosure 10 through a pipe, and in this case the
inlet duct 11 of the previously described arrangements may be
5 dispensed with. Such an arrangement is shown in Figure 7.
This shows a horizontal pipe 53 communicating directly with
the enclosure 10 so that moist material 18 delivered under
pressure along the pipe 53 is passed directly on to the drying
conveyor 14 within the enclosure 10. The discharge from the

10 pipe 53 is preferably arranged so that the material is spread
in the form of a shallow layer across the width of the
conveyor 14. Other features of the enclosure 10 and of the
outlet duct 12 and outlet conveyor 15 may be in accordance
with any of the previously described embodiments.

15 Since the inlet pipe 53 is completely filled with
the slurry, it is effectively gas-tight so that escape of
steam from the enclosure 10 through the pipe 53 is not
possible. .

The pipe 53 may pass through an additional condenser

20 (not shown) located either inside or outside the enclosure 10,
the condenser pre-heating the slurry so that no condensation
of moisture on the slurry can occur as it is passed into the
enclosure 10, thus reducing both the external thermal energy
input and the time réquired for drying. The condenser for

25 pre-heating the slurry may correspond to the condenser 36 of
the Figure 4 arrangement and may be connected in similar
fashion.

In any of the described arrangements, baffles and/or



The bottons of d cg%agl and 12 are open as indicated at 16 and 17

\respectl re clearances between the conveyors, and the
naterials ﬁ d the walls of the ducts 11 and 12. The materials
may t hus to and out of the enclosure 10 without having to

pass through any nmechani cal barrier. Mis®2materials 18 on the inlet
conveyor 13 are represented by the synmbol "x", materials 19 being conveyed
within the enclosure 10 on the drying conveyor 14 are indicated by the
synmbol "*", and dried nmaterials 20 passing dowwardly along the outl et

conveyor 15 gefleshoxsontas bydigated ey example at’ 47, mayebgapaiavdidery
passi ng through.the dr |ng enclosure 10 is dried by the passa
super heat ed sg éh%ﬂuﬁ kﬁpc*@ﬁ%F?a}owﬂFlﬁlF?lPsaEaigFﬁB PHFOG%htPﬁélnlet

enc osure. 10. . Te ,2YRE" RGAEE 12 SN 1Y P 308 °LebhgTed" e8! §rilsure

within the enclosure 10 above and within all of the upper
5 sections of the ducts and so assist in preventing external air
or gas being drawn upwards into either of the ducts. Such
baffles and/or deflectors may also prevent turbulence of the
superheated steam within the enclosure 10, or draughts in the
external air or other gas, causing destabilisation of the

10 stratification layer 21 within the middle sections of the
ducts.

Any of the forms of apparatus according to the
invention may include, preferably located in the top of the
enclosure 10, an outlet (indicated at 60 in Figure 1) which,

15 when opened, will allow any superheated steam contained within
the enclosure 10 to escape through the outlet, external air
or other gas then rising by convection through the ducts 11
and 12 to replace the escaping steam, so that subsequent safe
access to the enclosure 10 may be facilitated.

20 In any of the above described arrangements, the
internal constructional features of the enclosure 10, such as
the drying conveyor 14, heat source 23 and fan 24, are
preferably mounted on the base of the enclosure 10 and are
accessible through access panels in the base. This enables

25 the thermally insulated walls and top of the eﬁclosure 10 to
be made of lightweight materials and constructed in the form
of a lid resting in gas-tight sealing manner on the perimeter

of the base of the enclosure 10. Hydraulic or other lifting



fromth he material being dried as described, for exanple,
in Briti ification No. 2209383 or as will be described in
relation to further enbodinments of the present invention.

According to the present invention, due t i he di sposition of
the inlet duct 11 and outlet duct 12, superheated steamtrying to escape

fromthe enclosure 10 nust pass downwardly through the inlet and outl et

ducts 11 andé%%aratus may be provided to enable the 1lid to be lifted clear

deIiveﬂhﬂShmﬂﬁthijmmhbsure 10 fromthat source, or it may be generated

of the base to a height sufficient to provide easy access to
« all the internal constructional features of the enclosure.
Any apparatus according to the invention may also
5 1include the provision of ionisation apparatus which can be
applied to any or all of the steam within the enclosure 10,
to the stratification layers 21, or to the external air or
other gas within the lower sections of the inlet and outlet
ducts. Such ionisation may increase the tendency of the steam
10 and external air or other gas to remain separate at the level
of the stratification layer 21.

The conveyors conveying material through the inlét
and outlet ducts and the enclosure 10 may comprise one or more
endless band conveyors. In each case the return stretch of

15 the endless band ~conveyor preferably passes through a
thermally insulated tunnel so as to reduce heat losses from
the structure.

In an alternative construction the conveyors may
comprise passive or mechanically rotated rollers over which

20 the material to be dried may be drawn or conveyed through the
apparatus. Such an arrangement is particularly suitable where
the materials are in sheet or flattened form. Such rollers
may be heated so as to assist in the preheating and/or drying
of the materials.

25 In another embodiment any drying conveyor 14 for
transporting materials through the enclosure 10 may comprise
a rotatable sloping cylinder, which may have a perforated

shell, so arranged that as the cylinder is rotated material



However , theTgygggng@hggRﬁh% tending to pass downwardly along one of

_these ducts W air or other gas passing upwardly along the
duct, having ﬂ;mmmmamruawl ower open end thereof. Were the superheated
steam and ext there is formed a substantially horizonta
temperature and density differential strati®¥4ication |layer, as indicated

diagrammatically at 21, which inhibits the escape of steamfromthe
encl osure 10 and the entry of external air or gas into the encl osur e,

through the.. %'?%ﬂ}“c%&.oﬁyfav@"°““~%¢3Fépﬁ&e§” S8R5 G ey RS e“ﬁeth
025363 o1 ! A48, SRS o, 1
effect on,theyRpsasdag’p ﬂiﬁfofﬁ”ﬁf“@ﬁéhﬁglﬂatfﬁ'@hther case any conveyor
may be heated so as to comprise a heated conveyor 31 described
5 in the embodiment of Figure 3.
Any inlet conveyor 13 may also be heated so as to
pre-heat the moist material carried by it.
In any apparatus according to the invention the
driéd material being conveyed down the outlet duct 12 may

10 where advantageous be cooled when passing through the lower
section 30 of the outlet duct, or subsequently thereto.
Cooling may be effected by heat exchange with a cooling medium
which may then be arranged to transfer its heat to moist
material being delivered to the drying .enclosure.

15 In any of the described arrangements the apparatus
may be contained withi# a vacuum chamber, in order to reduce
the pressure and therefore the temperature at which steam is
produced from the moisf material. Thié enables material to
be dried which cannot tolerate the temperature of superheated

20 steam at atmospheric pressure, sinée the reduced, pressure
within the vacuum chamber may reduce the temperature of the
superheated steam to below 100°C. In such an apparatus, after
reducing the pressure within the wvacuum chamber to below
atmospheric pressure by means of a vacuum pump, the low

25 pressure may be maintained by causing successive porti&ns of
steam vented from the enclosure to be directly condensed into
water which is thereby drawn upwards into and subsequently

fills each of at least two additional small vacuum chambers



Typi cally,r. ere the igpt tenperature is 25[err]C at 70%relative

hum di ty, hig e X “Fon | ayer 20 nay conprise a steamair m xture at
‘a tenperat41 u I C and a density of 1.37nmerr]/kg. Above the
stratificatli be pure steamat a tenperature of 100[err]C and a
density of 1.67nB/kg, whereas bel ow the std5atification |ayer there nmay be
air at 100[err]C and a density of 1.08nB/Kkg. Lower down each
duct the air may have a tenperature of 75[err]C and a density of 1.00n8/kg

wher eas nearer the top_of . L -12-
with said water. Thus, as a succeSsive portion of steam

vented from the enclosure 10 is released into a preceding

«  small vacuum chamber, the water previously drawn upwards into

said preceding vacuum chamber is released downwards and in its

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

small volume of incondensible gas remaining in any of the

small vacuum chambers may be removed by means of a further
small vacuum pump.

In any of the arrangements according to the

10 invention successive batches of different materials may be

dried separately in the drying enclosure by allowing each

batch completely to pass out of the enclosure before

introducing another batch of a different material into the

steam atmosphere left in the enclosure by the drying of the

15 preceding batch.



‘bet ween the a tratification |ayer and tuwﬂ“ﬂﬂfﬂﬂﬂmﬁ”"’r

| ayer gives ri y of the |ayer and resi st

cross-diffusion of either of the two gases2 Tn practlce a thiff stabfe

hori zontal |ayer of "cloud" can sonetines be seen in the stratification

| ayer, where the cooling effect of the anbient air |ower down the inlet or
outl et duct causes m nute suspended wat gf » gggplets to formin the |ayer.

As will be described in greater detail i tion to subsequent

embodi ments, f portion g%ﬁapﬁtﬁgpﬁ&@g@&ﬁ@lﬁﬁg@g1dgyyggeoglﬁgmgggﬁgtgggglghe

encl osure 10 through a v uct I'n Figures 2-7 elenents
correspondi ng; f Osh&AREfed steam comprising a drying enclosure, means for

each duct the stea tenperature of, say, 125ferr}Cand._a
density of 1.F Eﬁ‘@iﬁpia&g The substantial difference in density

generating superheated steam at least partly to dry moist
5 materials in said enclosure, an inlet duct and an outlet duct
communicating with the enclosure, means for conveying material
along said ducts to and from the enclosure respectively, at
least said outlet duct extending downwardly from its
communication with the enclosure and having an open end

10 through which, in use, said material is conveyed out of the
duct whereby, in use, steam tending to pass downwardly along
said outlet duct and external air or other gas tending to pass
upwardly along the outlet duct meet to form within the duct
a temperature and density differential stratification layer.

e 15.'betweeg said steam and air or other gasu;which layer ighibits_
the escape of steam from the enclosure and the entry of said
external air or other gas into the enclosure, by flow along
the outlet duct, while permitting the conveyance of material
.along the duct and through said stratification layer.

20 2. Apparatus according to Claim 1, wherein sgid.inlet
duct also extends downwardly from its communication with the
enclosure and has an open end through which, in use, said
material is conveyed into the duct whereby, in use, a
temperature and density differential stratification layer is

25 also formed within the inlet duct between said steam and air
or other gas, which layer inhibits the escape of steam from
the enclosure and the entry of external air or other gas into

the enclosure, by flow along the inlet duct, while permitting



in the enboq% Rt of Figure 1 are given the sane refer rals for
.conveni ence. S as At of Figure 2 the super+6ﬂgﬂﬂu§ uﬁrﬁumr
effects the d I l terial is wholly or partl S t he

nmoi sture in t 9 which is, for the tinme being, on the drying
conveyor 14 within the enclosure 10. To tH% end there is provided within
the enclosure 10 a heat source indicated diagranmatically at 23 and a
power driven fan 24 which circulates the gas within the enclosure 10 over

h I al he drvi 14.and h t 23
s’ nai cat od (59 e Rie o HHELRLar "daRd, B5” Rhy <t iR, L it
f f I ' ' bove- ti d British Patent
Specl f1 cat i on KBS S0eias Lreton b 508 nG | ocated wi thin

' 3.

Apparatus according to Claim 2, wherein there is

provided a single common duct which constitutes both said
5. .inlet duct and said outlet duct.

4. Apparatus according to Claim 1, wherein said inlet

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

conveyed along said duct, whereby said material itself forms

a barrier to the escape of steam from the enclosure along the
10 inlet duct.

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

said means for generating superheated steam include a heat

source and a fan device for circulating gas within the

enclosure between the heat source an& material to be dried in
15 the enclosure, whereby said superheatéd steam is generated,

at least in part, from moisture in said material.

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

said means for generating superheated steam include external

steam . generating means separate from the enclosure, and
20 conduit means for delivering externally generated steam to the

enclosure.

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

said means for conveying material along at 1e;st one of said

inlet and outlet ducts comprise a conveyor structure which is
25 bodily movable along the duct and on which said material is

supported.

8. Apparatus according to Claim 7, wherein said

conveyor structure comprises a stretch of an endless band



-13- t he 8Rel R8s BechRebhceg! T, the heat source 23 apd/or the fan 24
may be | ocat ed|]f r ducts comuni cating mﬁiﬁﬁ B“ll Hﬂtﬂﬂu of
t he encl osure Hmmmu'm”l[w To start the drying pro ¢ CIme Hor (18t her
gas which ini I he enclosure 10 is circul ated past the heat
source 23 and a first portion 19 of the nat281ial to be dried which is

| ocated within the enclosure 10. In this initial period the conveyors
may be stationary. As the air or gas is recirculated it becones heated and
begins to generate steamw thin the enclosure 10 fromthe noisture in the
material 19. RS Neating and recircul ation conti nues

9. Apparatus according to any of Claims 1-8, wherein
“ there is provided in the enclosure conveying means to
transport material through the enclosure from the inlet duct
5 to the outlet duct.
10. Apparatus according to Claim 9, wherein said
conveying means is heated so as to heat and assist in the
drying of material supported thereby in the enclosure.
11, Apparatus according to Claim 9 or Claim 10, wherein
10 said conveying means for transporting material through the
enclosure and said means for conveying material along at least
one of said inlet and outlet ducts comprise portions of a
single substantially continuous conveyor.
12. Apparatus according to any of the preceding claims,
15 wherein a portion of the outlet duct above the stratification
layer is thermally insulated and a portion of the outlet duct
below the stratification layer is substantially uninsulated.
13. Apparatus according to any-oflthé preceding claims,
including a vent duct for venting a portion of the superheated
20 steam from the enclosure. ' .
14. Apparatus according to Claim 13, wherein the vent
duct has an outlet disposed substantially at the level of said
stratification layer.
15. Apparatus according to Claim 13 or Claim 14, wherein
25 the vent duct includes a condenser to condense said portion
of superheated steam vented from the enclosure, so as to
recover thermal energy therefrom.

16. Apparatus according to Claim 15, wherein said



t he stean1geqFr ted fromthe noisture in the material becones _superheat ed.
The vent ductusgaee Sftion of the generated S%‘Hgm m Hﬂﬁjlﬂﬁged
‘fromthe encl I I an outlet 26. s t hen
started so th material 19 passes on to the outlet conveyor 15
and further noist material passes on to tB2-drying conveyor 14 fromthe
I nl et conveyor 13. The process then proceeds continuously, npist nmaterial

bei ng delivered froma bulk supply and passed up the inlet duct 11 while
the dried material passes .downwardly al ong the qutlet duct 12 to an
appropri ate d%??@%?gefsfﬁtFBH?tg% adgacenfh§38ﬁ536§ﬁ§é HFRP R EPaBF§—at
least the UPHRLar$ehl Aa? exdidng®, Olndilt Wiilerish Wind S6RvePEa"BloNg

= said inlet duct.

17. Apparatus according to Claim 15, wherein said vent
5 duct includes at least two condensers in series, one of said

condensers being located adjacent said inlet duct.

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

fan means are provided to circulate heated gas between said

condenser and said moist matefial being conveyed along the

10 inlet duct.

19. Apparatus according to Claim 2 and any of Claims 16
to 18, wherein said condenser located adjacent said inlet duct
is located adjacent a portion of the inlet duct below the said
stratification layer.

15 20. Apparatus according to any of ¢1aims i3-19, wherein
a compressor is provided in said vent duct to compress said
portion of the superheated steam vented from the enclosure
through the duct, and wherein compreéséd steam from the
compressor is delivered to a condense? Located within the

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

21. Apparatus according to any of the preceding claims
wherein said apparatus is enclosed within a chamber having
means for reducing the pressure in the chamber below

25 atmospheric pressure, thereby to reduce the temperature of the
superheated steam.

22. Apparatus according to any of the preceding claims

g wherein the enclosure includes automatically controlled



ducts i s mi

hori zont al Lt empes ature and

gase ?;ﬁ?ﬁ?ﬁi@ﬁiﬁﬁﬁ 8ire 10 and the upper “ieii’ﬁmﬂm T ]H[ the

density diff

al ong the ducts 11 and 12 by the differenc

ification |ayers 5 whi ch are forned part - way
“in tenperature and density

‘bet ween the superheated steam and the anbient air or other gas.
The stratification |ayers 21 are located within the mddle sections of the

ducts 11 and 1§;R¥nheeRl | W@ah@e e ehiseRathifyt NBx%eRE détkat? 2o the

appropriate |level, for exanple

10

15

20

25

enclosure for use elsewhere, said discharge means including
a control device to restrict the discharge of steam from the
enclosure to a quantity insufficient to allow external air or
other gas to be drawn into the enclosure, through the
aforesaid inlet and outlet ducts, to replace the discharged
stean.

23. Apparatus according to <Claim 22, wherein said
control device comprises a volumetric flow confrol valve.
24. ~ Apparatus according to any of the preceding claims
wherein there is provided in the enclosure and/or in at least
one of said inlet and outlet ducts, baffle and/or deflector
means to tend to equalise the pressure within and above the
upper section of said duct or ducts, to inhibit entrainment
of air or steam by the conveyance of mdterial along the duct
or ducts, and to confine within the enclosure the turbulence
of the superheated steam which would otherwise tend to de-
stabilise said stratification layer. L

25. Apparatus according to any of the preceding claims,
including a closable outlet in the enclosure whereby the
outlet, when opened, allows superheated steam in the enclosure
to be displaced by external air or other gas passing into the
enclosure through said inlet or outlet ducts.

26. A method of continuous drying of moist materials in
superheated steam in apparatus comprising a drying enclosure,
means for generating superheated steam at least partly to dry
moist materials inside the enclosure, an inlet duct and an

outlet duct communicating with the enclosure, and means for



at the upper ends of |ower sections 29 and 30 of the ducts 11 and 12

respectively.

As previously nentioned, in addition to the

super heated steam generated fromthe noisture in the material being dried,
part of the superheated steamw thin the enclosure 10 may al so be produced
externally, for exanple by a stean1raisin§3%6iler (not shown), and

i njected through a pipe (also not shown) into the enclosure 10. By the use
of such an external source of steam displacenent of the initial air or

ot her gas fromthe encl osure 10 may be qﬁﬁ§%$§@$ed. Br eachi ng of

the barrier provided by -the stratificat

r 21 in the inlet duct 11,

by diffusion of external air or other gas through the |ayer 21, may be
i nhibited by the downflow within the duct of steam which

]
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“"Method and apparatus for continuous drying in superheated

stean®

Apparatus for continuous drying of moist materials
in superheated steam comprises a drying enclosure 10, open-
ended inlet and outlet ducts 11, 12 communicating with the
enclosure, and conveyors 13, 14, 15 for conveying the material
to be dried along the inlet duct, through the enclosure and
along the outlet duct. Superheated steém is generated in the
enclosure from the moisture in the material 19 being dried by
circulating the initial gas within the enclosure between a
heat source 23 and the material, and/or by the injection into

the enclosure of superheated steam from an external source.

' The inlet duct 11 and outlet duct 12 both extend downwardly

from the enclosure 10 and a vent duct 22 from the enclosure
has an outlet 26 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 dﬁct a temperature and
density differential stratification layer 21. These layers
act as barriers to the escape of steam from the enclosure
while at the same time permitting the free conveyance of

material along the ducts and into and out of the enclosure 10.

(Refers to Figure 2)



coridenses 'on and so heats the material 18 being introduced upwardly
t.hrough the duct. Breaching of the stratification layer 21 in the outl et
“duct 12 may. be inhibited by downflow through the duct of a snall volune of

steam ent'rained within and around the materi al s bei
materials 20 down the duct 12, which small vol ume of s ﬂ" I!r ent

to prevent external air or other gas rl/4i ng through the

-15- base 17 of the duct 12 and diffusing into the steamwthin
encl osure 10. To prevent the entrained steamenerging from
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the open base 17 of the duct 12 the | ower section 30-of the duct may be
left uninsulated so that its walls remain at or near anbient tenperaturé
and thus cause the entrained steam to condense on the gﬂpﬁéﬁ léya
the wal | s. Sl opi ng drainage runnels (not shown) nay
| ower end of the duct 12 to prevent the resulting conde ﬁi“
dripping onto the dried material. 2/4 In the enbo
the heat source 23 of the apparatus of Figure 2 is on1tted, and t he drylng
conveyor 31 on which the material 19 is conveyed through the enclosure 10
is itself heated. Th&3conveydZ 31 nayigeit her i t sel 3de directly heated,

; It may be heated by
(not shown) with
1gase t he

;
conducti on and/ or col
which it ,is in closg

FIG 3
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ci rcul ati on of superheated steamw thin the encl osute 10 he initial
_circulation of the air or gas which initially filléhl ea}gyﬂwmﬁ?ﬁwmnay be
~effected by convection and/or an optional power drii E Lbe
provided to effect forced circulation of the superh

i.-ndi cated by the arrows 33. In addition to the heated conveyor one or nore
addi tional heat sources (not shown)zgmy also be provided wthin the

encl osure 10, or in comunication wth it. As in the previously described
arrangenents, superheated steash may gbso be supplied to the enclosure 10

from an external source | E gure_3_aLsn_shn¥5 an arrangenent
wher eby at | east P11

FEENEN

* & & * *{*  * * * *
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FIG 6




- 16- part .of the thermal energy of a portion of-the steam ~circul ating
in the enclosure 10 nay be recovered for use. In this case there is.

provided in the vent duct 22 a condenser 34 to copge am

gscapi ng through the vent duct 22. A heat exchanger }Bg ch REIR y be

dssociated with the condenser 34 to transfer the rﬁ BH l il  energy
J ]

to another nmediumso that it may besgsed for anoth

Figure 4 shows an arrangenent which is particularly suitable for use with
materials which m ght be damaged by the condensation of additional

noi sture on themas they are fed to the drying |ocation, and provides an
arrangenent whereby such condensation may be avoi ded. The
arrangenment of Figure 4 may incorporate any of

L
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the features des$cii bed above in]jrglation to pesEpPtom: pagad . d@ki%\‘géé

~uil+ not therefré¢ b® 1digicnggzed] abain in det aBfClaims) t hepagad
Figure 4 there jsjconnected to fhe vent dugt E@raa'uigiﬁ)ti"m&él
i ncorporating ap additronar —condenser—BS. hﬂfﬁbnMQmSerp

tqu@bédm

wi thin a chambe 37 formng part] of the | oywer portion 29 of the inlet duyct

11 so as- to provide a heat source within t1aDAg@pﬂﬁe§EKjﬂprh§§_aﬁﬁft.

arrangenenj the 29 of t he |nle“ duct—tin re—vert et
arranged a ’ eaLec

37

.chanber

; _g_o Q

wi thin the chamber 3ﬁ~f %Je'}'x%lt:ﬁ“ﬁéﬁa(%&&'{&‘ﬁ ﬂﬁfgf\gdt Qﬁdhﬁ?{)ﬁgaéhé

preferably horizonta

across the conveyor noil s

i ndi cat ed Qyhi R %ﬁ'ﬂ; Jf%oist materials in superheated steam.

The expression "materials" is intended to include
moist materials of all kinds which may require to be dried,
including granular or friable raw materials, partly processed
materials and products, finished materials and products, and
residues. For example the invention is applicable to the
drying of chemicals, pharmaceuticals, coal, timber, cloth,
paper, towels, bed linen, garments, bricks, porcelain, sewage
sludge and the residues produced by the recycling of paper.

It is known ﬁo dry moist materials by the use of
superheated steam. For example, British Patent Specification
Né. 2209383 describes a method and apparatus in which moist
materials to be dried are introduced into an enclosure and the
air or other gas which initially f£fills the enclosure is
recirculated between a heat source and the material so as to
produce steam from the moisture in the material. This steam
increasingly displaces the initial gas from the enclosure and
cont%nues to be heated by recirculation past the heat source
until it becomes superheated. A proportion of the steam is
discharged from the enclosure through a vent and at least part
of the thermal energy is recovered from the discharged steam
by condensation.

Specification No. 2209383 discloses primarily a
batch process in which a batch of material is introduced into

the enclosure, is dried and is then removed. However, for

" Condensatlon of stean1exhausted t hrough the vent
duct 22 a§33§¥%sing t hrough the condenser 36 heats the air or other gas

naterla 18 as
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heating of the npigt—matertat~—1§ passing upwardly through the | ower

portion of the ihplgt (o3 A revents condensation of steamon the
material 18 as i aaéggshUp&Eﬁdly through the stratification |ayer 21 and

i nto-the upper pértiaon 27 of the uct 14~ and the enclosure 10. The _
preheating of thée material 18, asj well as preventing condensation on it,
al so reduces the ry external heat input into the dryer
and the IRy nSSHRddfa Al NG TR 9 HesFabl PET T M4 e
be dried in a continuous process where the materials are

continually passed through a drying location. In a batch
method there is no difficulty in retaining the superheated
steam in the enclosure while drying is taking place since the
enclosure may simply be sealed in gas-tight manner after the
batch of material has been introduced and opened again when
it is necessary to remove the material after drying. 1In a
continuous drying process, however, it is necessary to prevent
the escape of the superheated steam from the enclosure, and
the entry of air into the enclosure, during drying, while at
the same time allowing the continual passage of materials into
and out of the enclosure. It is therefore necessary to
provide some sort of substantially gas-tight seal or barrier
which will permit the passage of the materials into and out
of the enclosure while at the same time preventing the escape
of the superheated stean. In British Specification
No. 2209383 a continuous drying arrangement is described where
the inlet and outlet from the enclosure are each defined by
a pair of cooperating rollers having flexibly resilient
engaqing outer surfaces. A conveyor, carrying the articles
to be dfied, passes through the nip of each pair of rollers
and the resilient outer surfaces of the rollers press tightly
against the conveyor and articles as they pass through, thus
providing a substantially gas-tight seal to prevent the escape
of superheated steam from the enclosure, or entry of air into

the enclosure.

In the arrangement described in the earlier
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Fol | ow ng t he gdditi onal condegser 36 the duct 35 |eads to upward and

downwar d out| et|s 403ehdUB199Zspetti vel y. Thus any uncondensed steam

fl ow ng out of {tHe condenser 3 ri ses wpwardly through the upward outl et
40 to the levelf of the outlet 2p fromthe first condenser 34 while
condensate frdm.the. condenser 36 is trapped and di scharged by gravity

t hrough t he downward outl et 41. In a nodified version of the

ar r angenentspmifi catidng e darthelesr tavg darpents EuIRERAPHe LLOT (B t he
outlet. 26 of the first condenser 34, instead of to the vent duct 22 _as
shown. The comveysiicandr t3isaguite feasikds @8ﬁn&ﬁﬁ9?qq?£:ﬁ§:i% g s?gad

of in parallel, so that any uncondensed .st e, and .al |l of the.con te
fl owi ng outsawe tkimdsut It& PSS hshvashc ﬂ%’%‘t%r?z?orﬁfg'ﬁfe‘?s i SecP“?'g‘q?’%'e

condenser 36. Fi i f.i i
enbodi nent However, there gggrgagysg%g%rama %&EE&% %%&Suﬂléﬂ {fs form

of barrier is unsuitable, either because the flexible rollers

cannot provide an adequate gas-tight seal in view of the
nature and shape of the materials, or because the materials
might be damaged or altered by the pressure of the rollers.
For example it is extremely difficult to arrange for bricks
and similar solid articles to pass between resilient rollers
in a substantially gas-tight manner, and comparatively
delicate products, such as ceramics, are also likely to be
damaged by the pressure of the rollers.

. The present invention sets out to provide a method
and apparatus for continuous drying of moist materials in
superheated steam whereby the materials to be dried pass into
and/or out of the enclosure through a non-mechanical barrier
which allows the free passage of the materials without any
significant restraint, while at the same time providing
effectively a substantially gas—tight seal to prevent the
escape of superheated steam from the drying enclosure or the
entry of air into the enclosure.

According to the invention there is provided
apparatus for continuocus drying of moist materials in
superheated steam comprising a drying enclosure, means for
generating superheated steam at least partly to dry moist

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

communicating with the enclosure, means for conveying material
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of Figure 4 mhdre steamvent €édjt hrough the vent duct 22 is not passed to

an external corjdgnser i$ delivered to a condenser within the
encl osure 10. J S“36L3ﬁ§%hﬁséarrangenent steam di scharged fromthe

-18- - encl os re~&6~fhfﬁugh—fﬁe;vent duct 22 is conpressed by a

conpressor 42 40 as to raise its}saturation tenperature to above that of
t he superheated steamin the enclosure 10 to enable at |east part of the
t hermal erelaoyg ofaiiedstéamtioo amd firegovehe denclesevadeaspect3vehichaits

connected to the .
) least said outlet duct extending downwardly from its

communication with the enclosure and ﬁaving an open end
through which, in use, said material is conveyed out of the
duct whereby, in use, steam tending to pass downwardly along
said outlet duct and external air or other gas tending to pass
upwardly along the outlet duct meet to form within_the duct
a temperature and density differential stratification layer
between said steam and air or other gas, which layer inhibits
the escape of steam from the enclosure and the entry of said
external air or other gas into the enclosure,'sy flow along
the outlet duct, while permitting the conveyance of material
along the duct and through said stratification layer.

Said inlet duct may also extend downwardly from its
‘communication with the enclosure and have an open end through
which, in use, said material is conveyed into the duct
whereby, in use, a temperature and density differential
stratification layer is also formed within the inlet duct
between said steam and air or other gas, which layer inhibits
the escape of steam from the enclosure and the entry of
external air or other gas into the enclosure, by flow along
the ;nlet duct, while permitting the conveyance of material
along the inlet duct and through said stratification layer.

The inlet and outlet ducts may be separate, or there
may be provided a single common duct which constitutes both
said inlet duct and said outlet duct.

Alternatively said inlet duct may, in use, be such

that it is substantially filled with material being conveyed

o
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conpressor 4 g rocated W jhign the enclosure 10. The condenser 43 then
serves as an |§L?g§ t Isqurce within the encl osure 10 thus
t Me i of

contributing he nmatergal 19 passing through the

encl esure. An ldgnsat e di scharged fromthe condenser 43 is
delivered thyough a conduit 44 to a heat exchanger 45 |located in a

chanber 46 in—the TOWer portion 29 of the inlet duct 11. The
heat exchapifg 4 REIARR ! WHRirebgakaifensbepial Nt Al fdBupaasbagripwar dl y
through the inlet duct 10, as described in relation to the condenser 36 of
Figure 4. to the escape tdf steamgdrenri tHe Fegolesb@ret ahesig behendvilet

that the quantity of steamdrawn into the conpressor 42 is not sufficient
to cause eutetnal air or other gas to be drawn upwardly into the enclosure

10 through either of the ducts 11 or 12.
Said means for generating superheated steam may

include a heat source and a fan device for circulating gas
within the enclosure between the heat source and material to
be dried in the enclosure, whereby said superheated steam is
generated, at least in part, from moisture in said material.

Alternatively or additionally the means for

. generating superheated steam may inclu@e external stean
genefating means eeparate from the eﬁclosure, and conduit
means for delivering externally generated steam to the
enclosure.

In any of the above arrangements said means for
conveying material along at least one of said inlet and outlet
ducts may comprise a conveyor structure which is bodily
movable along the duct and on which said material is
supported. For example, the conveyor structure may comprise
a stretch of an endless band conveyor.

Preferably there is provided in the enclosure
conveying means to transport material through the enclosure
from‘the inlet duct to the outlet duct. This conveying means
may be heated so as to heat and assist in the drying of
material supported thereby in the enclosure.

The conveying means for transporting material
through the enclosure and said means for conveying material
along at least one of said inlet and outlet ducts may comprise

portions of a single substantially continuous conveyor.
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ThIS I s achi evedj aut omat1 calrrTy Tf total heat use balances total thermnal

energy fnput. Infthpi 0 total heat use conprises the heat used to
generate steamfyo ?Lgdmﬁbﬁg?ureJ togetger with that lost in the hot dried

material, the cpon steam | eaving the apparatus as wel| as
that | ost through_the thermal insylation provided. The total thernmal
energy input conprises the neat—output of the condenser 43, together wth
that of any other heatn sény C6fatHe above arrangements a portion of thdO-
of any fan within the enclosure 10, the heat exchanger 45 and

outlet duct above the stratification layer may be thermally

<

insulated and a portion of the outlet duct below the
stratification layer may be substantially uninsulated.

Apparatus according to the invention preferably
includes a vent duct for venting a portion of the superheated
steam from the enclosure. The vent duct may have an outlet
disposed substantially at the level of said stratification
layer.

The vent duct may include a condenser to condense
said port n of superheated steam vented .>m the énclosure,
so as to recover thermal energy therefrom. The condenser may
be located adjacent said inlet duct so as to pre-heat, by heat
exchange, moist material being conveyed along said inlet duct,
and fan means may be provided to circulate heated gas between
said condenser and said moist material being conveyed along
the inlet Quct.

In the case where a stratification layer is formed
in the inlet duct said condenser may be located adjacent a
portion of the inlet duct below the said stratification layer.

A compressor may be provided in said vent duct to
compress said portion of the superheated steam vented from the
enclosure through the duct, compressed steam from the
compressor being delivered to a condenser located within the
enclosure so as to contribute to the heating of moist material

in the said enclosure.

In any of the arrangements according to the

invention the apparatus may be enclosed within a chanmber
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any fan w tthi{n e ion 29 of the inlet duct 11. I n

t hi s enbodijmgnt Qthgj%&pvan lon, if the said total heat use is
significangly |es 9 the paid total _jfhernmal energy input, at |east part
of the conmpr it put may be pi ped out of the enclosure 10 to

enable it §o be used el sewhgre as process steam and automatic control
nmeans, for exa Tic flow control valve, may be enployed to

restrict Sh'%to}iggﬁ mednE FHE rtéaqltciyrﬁe g‘gg téxgékbsqire s{caphd ERAMBWR b 1RE

suf fici ent Seé external alr e drawn into the encl osure

upwar dl y tQ{;ﬂJ%ﬁhé??c ?lﬁlgéésxilﬂe ﬁ‘:'i‘x‘l»r%%xeto reduce tH¥admpdtrdtiire bagiarent

of the inven sai d total at use is nore than the said total

t her mal engﬁg&rphglﬁ%ﬁ’ QR2aR, 0T radeAIAlY V P! éRE1 68akesOineaudemy be
provided to at [east bal ance the excess, again to prevent

automatically controlled discharge means for discharging

excess steam from the enclosure for use elsewhere, said
discharge means including a control device, such as a
volumetric flow control valve, to restrict the discharge of
steam from the enclosure to a quantity insufficient to allow
external air or other gas to be drawn into the enclosure,
- through the aforesaid inlet and outlet ducts, to replace the
discharged stean. |
In apparatus according to the invention there are
preferably provided in the enclosure, and/or in at least one
of said inlet and outlet ducts, baffle means to tend to
‘equalise the pressure within and above the upper section of
said duct or ducts, to inhibit entrainment of air or steam by
the conveyance of material along the duct or ducts, and to
confine within the enclosure the turbuiénce of the superheated
steam which would otherwise tend to de-stabilise said
stratification layer.

) The apparatus may also include a closable outlet
from the enclosure whereby the outlet, when opened, allows
superheated steam in the enclosure to be displaced by external
air or other gas passing into the enclosure through said inlet
or outlet ducts.

The invention includes within its scope a method of
continuous drying of moist materials in superheated steam in

apparatus comprising a drying enclosure, means for generating
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r{gas berng dr ' into the enclosure. An
ri‘?i‘%&}nﬁzc npressor 42 and condenser 43, as shown in

external air
arrangenent ¢

Figure 5, may{al so be ygd fin any_gfL the other described enbodi nents
of the inventj o odi nents may al so i ncl ude an externa
condenser suc as is indicated at 34 in Figure 3. In all of the
above-descri bed arrangenents separate inlet and outlet ducts 11 and 12 are
provi ded. shpguheatethouBeasli 23 al@ALtCPdnt RO &bt NAt nvEs8r matganedds wher e
a single comon duct serves as both an inlet and outlet duct.

Ref erri ngihsiBieguthe6, endiboswnapn aductind@t! eddst wwhr dny eathetaryct t o

one end of the gnclqsure 10 and ]
communicating with the enclosure, and means for conveying

material along said ducts to and from the enclosure
respectively, the method comprising disposing said outlet duct
to extend downwardly from its communication with the enclosure
and controlling the generation of superheated steam within the
enclosure so that steam tending to pass downwardly along said
outlet duct and external air or other gas tending to pass
upwardly along the outlet duct meet to form within the duct
a ‘temperature and density differential stratification layer
between said steam and air or other gas, which layer inhibits
the escape of steam from the enclosure and the entry of
external air or other gas into the enclosure, by flow along
the outlet duct, while permitting the conveyance of material
along the duct and through the stratification layer.

The method may also comprise disposing said inlet
duct to extend downwardly from ‘its communication with the
enclosure so that steam tending to pass downwardly along said
inlet duct and external air or other gas tending to pass
upwardly along the inlet duct meet to form within the duct a
tempe;ature and density differential stratification layer
between said steam and air or other gas, which layer inhibits
the escape of steam from the enclosure and the entry of
external air or other gas into the enclosure, by flow along
the inlet duct, while permitting the conveyance of material
along the inlet duct and through said stratification layer.

The following is a more detailed description of
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contai ns an upREPhAﬁENEﬁb[ﬁﬁEEE‘conveyor 49 spaced froma downwardly
novi ng ouzgetrc nveyor 50. At the upper end of the inlet
conveyor t He |noi [ 18 is transferred to one stretch 51 of a
dryi ng conveyor e§?%ﬁ9gﬂ3$zh otigh the e%closure 10. At the end of the
stretch 51 of |t cCoMvey o=t terial passes on to a return stretch 52
of the drying{conveyor fromwhede it is delivered to the upper end of the
downvar dl y SRYsatmONES Cor G Siierifior)s by whg pifeviaugle desefébence
arrangenents the escape of steamfromthe enclosure 10 is prevented by the
formati on Qeingtimade ft6athenateypardying dhawingsoindubichs. I n
Figure 6 the material 19 being dried within the

Figure 1 is a diagrammatic section through a basic

form of continuous drying apparatus according to the
invention, and

Figures 2-7 are similar views of further forms of
drying apparatus according-to the invention.

Referring to Figure 1, there is shown
diagrammatically a sectional representation of a basic form
of apparatus in accordance with the invention for drying moist
materials of virtually any kind. The apparatus comprises a
drying enclosure 10, an inlet duct 11 leading upwardly to the
bottom of the enclosure 10 at one end thereof, and an outlet
duct 12 leading downwardly away from the bottom of the
‘opposite end of the enclosure 10.

An inlet conveyor 13 extends upwardly through the
inlet duct 11, a drying conveyor 14 extends through the drying
enclosure 10, and an outlet-convéYOr 15 extends downwardly
through the outlet duct 12.

The conveyors 13, 14 and.15 may be of any form
appropriate to the nature of the materials being conveyed.
For' example, if the materials to be dried are discrete
articles they may be suspended from the conveyors, contained
in pockets or other supports on the conveyors or displaced
along the duct by elements on the conveyors. In the
diagrammatic drawing the ducts 11 and 12, and conveyors 13 and
15 are shown as being steeply inclined but they could instead

be inclined at an angle which is sufficiently shallow for the
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enclosure 10 is ﬁhomn as falling:idowmwardly fromthe end of the upper
stretch 51 of the dﬁyid@tﬁﬁﬁZe%oﬁ on to the lower return stretch 52.
However this is ngrely for the lpyrposes,n0f illustration, and it will be
appreciated that the stretches 1 and %? may be continuous and may lie in
t he sane pl ane. |_Ear exanples-the dryi ng conveyor may be of generally
U-shaped configuration. Simlarly, although the inlet and outl et
CONVEYors déhwdyd¥ &cd PUHREIY o dhclined saerabeveén twieich gfe mdtkadageul d
equal ly well be disposed side-by-side within the conmon duct 48.

Figure 6 simply Bésple vent duct 22 corresponding to that of Figure 2,
but it will be appreciated that any of the previously described condenser
arrangenents nmay al sthéeconpveyorsdl3) nti¢cadndah§ nayt homppisenstretgheses

described in ‘
of a single continuous conveyor system, or they may comprise

separate conveyors, the arrangement being such that as an
article reaches the end of one conveyor it is transferred to
the beginning of the following éonveyor.

The bottoms .of the ducts 11 and 12 are open as
indicated at 16 and 17 respectively and there are clearances
between the conveyors, and the materials they carry, and the
walls of the ducts 11 and 12. The materials may thus pass
freely into and out of the enclosure 10 without having to pass
through any meéhanical barrier. Moist materials 18 on the
inlet conveyor 13 are represented by the symbol "x", materials
19 being conveyed within the enclosure 10 on the drying
conveyor 14 are indicated by the symbol "*%", and dried
materials 20 passing downwardly along the outlet conveyor 15
are represented by the symbol "o'.

The material 19 passing through the drying enclosure
10 is dried by the passage of superheated steam over the
material while it is passing through the enclosure 10. The
supefheated steam may be generated from an external source and
delivered into the enclosure 10 from that source, or it may
be generated from the moisture in the material being dried as
described, for example, in British Patent Specification
No. 2209383 or as will be described in relation to further

embodiments of the present invention.

According to the present invention, due to the
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relation to Jthe enbodieEmMtsjof Figures 1-5 may also be applied to the

enbodi nent ¢f |Fi : 3 1 JUuL 1997

-21- J gur‘??EtWrmi t material .to be dried is in the form of
slurry, or ¢ther—ft+owableantprial, it'&ﬁy be delivered to the drying
encl osure 19_through a pipe, pnd in this case the inlet duct 11 of the
previ ously descri bed arramgements nay be dispensed with. Such an

arr angenenhiisi:ﬁ%rgnvc\ﬂ ﬂ%t%hginlyﬁi Saagevs1# Nond ZWudled! RS 12,

comuni cati ng enclosure 10 so that noist nmaterial 18

S?'y: Xgr ed wagerneRt8aSEtSan! CARI AP IdiRapR ifroRdEsed efic1dune ab bfudthe

pass downwardly through the inlet and outlet ducts 11 and 12.
However, the superheated steam tending to pass downwardly
along one of these ducts will meet external air or other gas
passing upwardly along the duct, having entered at the lower
open end thereof. Where the superheated steam and external
air meet there is formed a substantially horizontal
temperature and density differential stratification layer, as
indicated diagrammaticaily at élixwhiéh iﬁhihits the escape
of steam from the enclosure 10 and the entry of external air
or gas into the enclosure, by flow along either duct, while
allowing the conveyance of the material through the
stratification layers. Materials to be dried may thus be
‘passed continuously into and out the drying enclosure 10
through what is, in effect, a non-mechanical substantially
gas-tight seal which has no effect on the passage of the
conveyors or material.

Typically, where the ambient temperature is 25°C at
70% relative humidity, the stratification layer 20 may
compfise a steam/air mixture at a temperature of 100°C and a
density of 1.37m’/kg. Above the stratification layer may be
pure steam at a temperature of 100°C and a density of
1.67m’/kg, whereas below the stratification layer there may be
air at 100°C and a density of 1.08m’°/kg.

Lower down each duct the air may have a temperature

of 75°C and a density of 1.00m’/kg whereas nearer the top of

a
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conveyor 14 jf Fn-the encl'osure 10. The di scharge fromthe

pipe 53 is

preferably argamg S thel material is spread in the formof a
shal | ow | ayer {a r§£§°ﬂ#eaa?d f the _canpveyor 14. O her features of the

encl osure 10 an G- t duct 12 "and outl et conveyor
accordance wth any of the pre I ously described enbodi nents.

15 may be in

Since the inlet~prpe-53tsTonpletely filled with the slurry, it is
ffect I h f t | o
ef fectivel y,0855 hgg ihéoséﬂéﬁ ﬁéf?ﬁ%g& a E%ﬁﬁ@%éfgﬁ% %fb§§§%95fé§’éfknd

t hrough the pipe 'S not  poss may pass
t hrough anjag anﬂﬁ .(not shown) located either inside or
out si de the e%ﬁ é’lgf t Zkgbndenser pre-heating the slurry so that no

condensati on

air below the stratification layer and the steam above the

layer gives rise to stability of the layer and resistance to

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

thin stable horizontal layer of "cloud" can sometimes be seen
in the stratification layer, where the cooling effect of the
ambient air lower down the inlet or outlet duct causes minute
suspended water droplets to form in the layer.

As will be described in greater detail in relation
to subsequent embodiments, a portion of the superheated steam
may be discharged from the enclosure 10 through a vent duct
22.

In Figures 2-7 elements corresponding to elements
in the embodiment of Figure 1 are given the same reference
numerals for convenience. In the embodiment of Figure 2 the
superheated steam which effects the drying.of the material is
wholly or partly generated from the moisture in the material
19 which is, for the time being, on the drying conveyor 14
with%n the enclosure 10. To this end there is provided within

the enclosure 10 a heat source indicated diagrammatically at

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

the enclosure 10 over the material 19 on the drying conveyor
14 and across the heat source 23, as indicated by the arrows
25. The heat source 23 may be of any suitable form, for
example as described in the above-mentioned British Patent

Specification No. 2209383, and instead of being located within

of mDI THE Skt fAL aYrEePeAceUinddenkity PRALREN e t he



encl osure 10, gFﬁkﬁqgﬁﬁ%g:§, ETh the external thermal energy input and the
time reguired fpr rylng The dondenser for pre-heating the slurry may
correspond to the&:& 36 jof the,R gure 4 arrangenent and may be
connected in pikilar faShIO : In any of the described
arrangenents, baffles and/ or -22- defl ectors, as

i ndi cat ed f or“-exafpte—at—4+—sdy be provi ded within the encl osure 10 or

Wi thin at theaghcoosueé j0eitseEf, tlheait |sHurdectzs bhad Yhe ifawrgder to
equal i se the pressure
may be located in chambers or ducts communicating with the
interior of the enclosure 10.

To start the drying process the air or other gas
which initially fills the enclosure 10 is circulated past the
heat source 23 and a first portion 19 of the material to be
dried which is located within the enclosure 10. 1In this
initial period the conveyors may be stationary. As the air
or gas is recirculated 1t becones heated and begins to
generate steam within the enclosure 10 from the m01sture in
the material 19. As the heating and recirculation continues
the steam generated from the moisture in the material becomes
superheated. The vent duct 22 allows a portion of the

generated steam to be discharged from the enclosure through

'an outlet 26.

The conveyors are then started so that the dried
material 19 passes on to the outlet conveyor 15 and further
moist material passes on to the drying conveyor 14 from the
inlet conveyor 13. The process then proceeds continuously,
moist material being delivered from é bulk supply and passed
up the inlet duct 11 while the dried material passes
downw;rdly along the outlet duct 12 to an appropriate delivery
station.

The enclosure 10 and preferably at least the upper
sections 27 and 28 of the ducts 11 and 12 are thermally
insulated. As in the arrangement of Figure 1, the substantial
gas~-tightness of the enclosure 10 and the upper sections 27

and 28 of the ducts is maintained by the horizontal
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mnthln t he erjcljoSure—16- —above and within all of the upper sections of the

ducts and so jagsi st enting external air or gas being drawn upwards
into either (f 3 EQQPE@&% baffl eg, and/or deflectors may also prevent

turbul ence o t¢m»“~$upeghg§ ed st eam hin the enclosure 10, or draughts
in the external air or other!gas causi ng destabilisation of the
stratificatio the m ddl e sections of the ducts.

Any of 1 heydsbdiEa Qlir& A Adis | aLff%@f&e&mﬁhesttaw@sbamaﬁy159@&&(191
preferably located in the top of the enclosure 10, an outlet (indicated at

60 in Figuwigidh WheC FormhiepPeresdy wWibhgalthewduidtssuperdreat 22l byeane
contained within the enclosure 10 to escape through the outlet, external
air or otdiff@enddEnin itdnperatueenved: densiby wetwéde tdw:@pbi-heanddlz to
repl ace the escaping steam so that subsequent safe

steam and the ambient air or other gas.

The stratification layers 21 are located within the
middle sections of the ducts 11 and 12 by locating the outlet
26 from the vent duct 22 at an appropriate level, for example
at the upper ends of lower sections 29 and 30 of the ducts 11
and 12 respectively.

As previously mentioned, in addition to the
superheated steam generated from the moisture in the material
being dried, part of the superheated steam within the
enclosure 10 may also be produced externally, for example by
a steam raising boiler (not shown), and injected through a
'pipe (also not shown) intoithe enclosure 10. By the use of
such an external source of éteam displacement of the initial
air or other gas from the enclosure 10 may be accelerated.

Breaching of the barrier provided by the
stratification layer 21 in the inlet duct 11, by diffusion of
external air or other gas through the layer 21, may be
inhibited by the downflow within the duct of steam which
condénses on and so heats the material 18 being introduced
upwardly through the duct. Breaching of the stratification
layer 21 in the outlet duct 12 may be inhibited by downflow
through the duct of a small volume of steam entrained within
and around the materials being conveyed as dried materials 20
down the duct 12, which small volume of steam is sufficient

to prevent external air or other gas rising through the open

|
!
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cTosure 10 nmaly pe facilitated. In any of the
H'ggs'ﬂﬁt : d the internal constructional features of the
e dr

encl osure 10, glng conveyor 14, heat source 23 and fan 24,
are preferab 4ﬂkﬁﬁiﬁf1ﬂr1ﬂT ase of~X%e enclosure 10 and are accessible

t hrough acces$ panels in the bage. This enables the thermally insul ated

access to the
above descri be

‘<U)D.CD

wal I's and t op of Lﬂe encl osure 10 to be nmade of Iightmeight materials and
constructed in form of est

t he peri age s thh 305 % éaé%éﬁﬁ%ﬁ?% g%%ﬂygg Fég QQ*E nﬁﬂ?tlng
- 23- enclosure 10. To prevent the entrained steam emerging from

the open base 17 of the duct 12 the lower section 30 of the
duct may be left uninsulated so that its walls remain at or
near ambient temperature and thus cause the entrained steam
to condense on the inner surfaces of the walls. Sloping
drainage runnels (not shown) may be provided in the lower end
of the duct 12 to prevent the resulting condensate from
dripping onto the dried material.

In the embodiment of Figure 3, the heat source 23
of the apparatus of Figure 2 is omitted, and the drying
conveyor 31 on which the material 19 is conveyed through the
enclosure 10 is itself heated. The conveyor 31 may either
itself be directly heated, for example by internal electric
'heating elements, or it may be heated by conduction and/or
convection from another heat source (not shown) with which it
is in close proximity or contact. .In; this case the
circulation of superheated steam within the enclosure 10, and
the initial circulation of the air or gas which initially
£fills the enclosure, may be effected by convection and/or an
optio?al power driven fan 32 may be provided to effect forced
circulation of the superheated steam, as indicated by the
arrows 33. In addition to the heated conveyor one or nore
additional heat sources (not shown) may also be provided
within the enclosure 10, or in communication with it. As in
the previously described arrangements, superheated steam may
also be supplied to the enclosure 10 from an external source.

Figure 3 also shows an arrangement whereby at least
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apparatus may beiptovided to enaplp the lid to be lifted clear of the base
to a height suffifciier® tJUpne4 de pasy access to all the internal
constructional fe¢afures of the ehc osuLg._ Any appar at us
according to thejinventron nay alsp in Plde the provision of ionisation
appar atus which | bany or all of the steamw thin the
enclosure 10, to the stratification |ayers 21, or to the external air or
ot her gas gt gt h@HOWh o og;,qufyt hgei nhetp, i OVt I tHUCt Steapuch
i oni sation may increase the tendency the steam and external arr or
ot her gas diddi@ iho GAMe etlc103arke 8! magf behgesbiatbdi 86t QB! ayen 21.
The conveyors conveying material through the inlet and outlet ducts and
t he encl otiiriss 1€asay thewR ise prtdr iedDiTe tIRONESS dDacE £PNYeyOhdensareach

case the return stretch of
34 to condense out the steam escaping through the vent duct

D

22. A heat exchanger (not shown) may be associated with the
condenser 34 to transfer the recovered thermal energy to
another mediu@ so that it may be used for another purpose.

Figure 4 shows an arrangement which is particularly
suitable for use with materials which might be damaged by the
condensation of additional moisture on them as they are fed
to the drying location, and provides an arrangement whereby
such condensation may be avoided.

The arrangement of Figure 4 may incorporate any of
the features described above in relation to Figures 1-3 and
‘such features will not therefore be described again in detail.
In the embodiment of Figure 4 there is connected to the vent
duct 22 a "further duct .35 incorporating an' additional
condenser 36. The condenser 36 is located within a chamber
37 forming part of the lower portion 29 of the inlet duct 11
so as to provide a heat source within that chamber. In this
arrangement the lower portion 29 of the inlet duct 11 may be
verti;ally arranged as shown. A power driven fan 38 is also
located within the chamber 37.

Condensation of steam exhausted through the vent
duct 22 and passing through the condenser 36 heats the air or
other gas within the chamber 37 and the fan 38 recirculates
the heated air, preferably horizontally, across the conveyor

13 and moist material 18 as indicated by the arrows 39. The
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tunnel 50 as t¢o
alternative cops r
mechanically rpt8

s from the structure. In an
eyors na conpri se passive or

whi cit%he material to be dried may be
drawn or conveyed through the pparatus. Such an arrangenent is

particul arly sti materials are in sheet or flattened form

Such |l t '
of the i SRy 82 BAE 68157 BRCOPIRE pddindh kR e
for trans Jéxngnégtffoﬁ abf ¢ éOﬁﬂi‘e{:h&uéﬂchﬁsB&@véﬂt@bcﬁ%ﬂ%orﬂ of

rotatable slopin I nder, have a perforated shell, so arranged
that as thetQdd nsterthe ﬁﬁtéiiﬂlnﬁheﬁéﬂlt passes upwardly through the

stratification layer 21 and into the upper portion 27 of the
duct 11 and the enclosure 10. The preheating of the material
18, as well as preventing condensation on it, also reduces the
amount of necessary external heat input into the dryer and the
time needed to dry the moist material as it passes through the
enclosure 10.

Follow1ng the add1t10na1 condenser 36 the duct 35
leads to upward and downward outlets 40 and 41 respectively.
Thus any uncondensed steam flowing out of the condenser 36
rises upwardly through the upward outlet 40 to the level of
the outlet 26 from the first condenser 34 while condensate
‘from the condenser 36 is trapped and discharged by gravity
through the downward outlet 41.

In a modified version of the arrangement shown in
Figure 4, the further duct 35 may be connected to the outlet
26 of the first condenser 34, instead of to the vent duct 22
as shown. The two condensers 34 and 36 are then connected in
series instead of in parallel, so that any uncondensed steam
and all of the condensate flowing out of the outlet 26 from
the first condenser is passed to the condenser 36.

Figure 5 shows a modified version of the embodiment
of Figure 4 where steam vented through the vent duct 22 is not
passed to an external condenser 34 but is delivered to a

condenser within the enclosure 10.

In this arrangement steam discharged from the
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wi t hi g the cyTTder-t
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‘funbl ed along the length of the cylinder.

Al ternatively] &nyzGo yi conprise a sloping vibrating platform or
S LANERY chn

channel .

i nl et conveyol 13 may al so be

In either

heated conveypr bed. Hn t he &tBodi ment of Figure 3.

carried by it.

oo, oo heSpelERna d COREYREN IRHE (PEn€! e GHF (142 HRpretiRS by a

advant ageous be cooled

assing he 1o
compressor 42 so as to raise its saturation temperature to

above that of the superheated steam in the enclosure 10 to
enable at least part of the thermal energy of the steam to be
recovered in a condenser 43 which is connected to the
compressor 42 and located within the enclosure 10. The
condenser 43 then serves as an additional heat source within
the enclosure 10 thus contributing to the drying of the
material 19 passing through the enclosure. Any steam and
condensate discharged from the condenser 43 is delivered
through a conduit 44 to a heat exchanger 45 located in a
chamber 46 in the lower portion 29 of the inlet duct 11.

The heat exchanger 45 serveé to preheat the moist
material 18 passing upwardly through the inlet duct 10, as
described in relation to the condenser 36 of Figure 4.

In the arrangement of Figure 5 it must be ensured
that the quantity of steam drawn into-the compressor 42 is not
sufficient to cause external air or other gas to be drawn
upwardly into the enclosure 10 through either of the ducts 11

or 12.

This is achieved automatically if total heat use
balances total thermal energy input. In this context total
heat use comprises the heat used to generate steam from the
moisture, together with that lost in the hot dried material,
thg condensate and any ‘steam leaving the appafatus as well as
that lost through th; thermal insulation provided. The total

thermal energy input comprises the heat output of the

condenser 43, together with that of any other heat source and

cpnveyor may be heated so as to conprise a

Any

eated so as to pre-heat the noist materi al
+r=aHdy apparatus according to the invention the
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section 30 off{the outlet ductf, jor subsequently thereto. Cooling may be

ef fected by heat Sx&tJAHgWIWI tlh ja cool i ng nmedi um which may then be arranged
to transfer i
dryi ng-*encl osjur e.

appar at us

the pressure and therefore the tenperature at which steamis

t he noi st

mat eri al_4ei ng delivered to the
any of the described arrangenents the
hin a vacuum chanber,, in order to reduce

s{ heat to noi st

e

Bt ahyalfanTHi heRabheSer@liciiird 110 the Heatd ewdhahgedna® and

tolerate the tenperature of superheated steam at atnospheric pressure,

since the

afgudath ithdw eheMlidwer tgortiatu@n sy iretr etluste 1he

tenperature of the superheated steamto below 100[err]C. In such an

appar at us,
at nospheri

after reducitihyig hembodisent wift ithe titevendciom chEinbbe tsaisk| ow

c pressure by neans of a vacuum punp, the | ow .
total heat use is significantly less than the said total

thermal energy input, at least part of the compressed steam
output may be piped out of the enclosure 10 to enable it to
be used elsewhere as process steam, and automatic control
means, for example a volumetric flow control valve, may be
employed to restrict such use to ensure that the portion of
steam withdrawn is not sufficient to cause external air or gas
to be drawn into the enclosure upwardly through the ducts 11

and 12.

Again in this embodiment of the invention, if the

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

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

provided to at least balance the excess, again to prevent
external air or gas being drawn into the enclosure.

An arrangement comprising the compressor 42 and
condenser 43, as shown in Figure 5, may also be employed in
any of the other described embodiments of the invention, and
sucQ embodiments may also include an external condenser such
as is indicated at 34 in Figure 3.

In all of the above—described arrangements separate
inlet and outlet ducts 11 and 12 are provided. Figure 6 shows
diagrammatically an alternative arrangement where a single
common duct serves as both an inlet and outlet duct.

Referring to Figure 6, the common duct 48 leads

upwardly at an angle to one end of the enclosure 10 and

produced from
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pressure may be T R u$|ng successive portions of steamvented
fromthé enclosurg to be dirﬁct yicondensed into water which is thereby

drawn upwards i nt and dub ebtfy fills each of at |east two additional

smal | vacuum chanters weed | -2920= with said water. Thus, as a
successi ve portijon of steam vent?d fromthe enclosure 10 is released into
a preceding s m=-charbers the water previously drawn upwards into

sai d precedi vacuum chanb s released, downwards and in_its ownwar ds
descent m%%ﬁﬁ%{%%daPoﬂﬁWﬂﬁ E@?Xﬂ?%elﬁgﬁ§LCQHﬁﬁyor 49 spaced f&om a

downwardly moving outlet conveyor 50.

At the upper end of the inlet conveyor 49 the moist
material 18 is transferred to one stretch 51 of a drying
conveyor extending through the enclosure 10. At the end of
the stretch 51 of the conveyor the material passes on to a
return stretch 52 of the drying conveyor from.where it is
delivered to the upper end of the downwardly moving outlet
conveyor 50. As- in the preyiqusly described arrangements the
escape of steam from the ehdlosdre 10 is prévéﬁted by the
formation of a stratification layer 21 in the common duct 48.

In Figure 6 the material 19 being dried within the
enclosure 10 is shown as falling downwardly from the end of
the upper stretch 51 of the drying conveyor on to the lower
return stretch 52. However this is merely for the purposes
of illustration, and it will be appreciated that the stretches
51 and 52 may be continuous and may lie in the same plane.
For example, the drying conveyor may be of generally U-shaped
configuration. Similarly, although the inlet and outlet
conveyors 49,50 are represented as being one above the other,
they could equally well be disposed side-by-side within the
common duct 48.

Figure 6 shows a simple vent duct 22 corresponding
to that of Figure 2, but it will be appreciated that any of
the previously described condenser arrangements may also be
provided. Indeed, any of the optional features described in
relation to the embodiments of Figures 1-5 may also be applied

to the embodiment of Figure 6.
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smal | vol une | ncondensi bl e|ggs remaining in any of the small vacuum
chanbers may be |r edoVdUiL@9Pednd of a further small vacuum punp.

In any of the jar[rangenents acqofdi ng tezgthe invention successive batches
of different terials nay Dbe ried separately in the drying encl osure by
al | owi ng each t conpletelvjto pass out of the enclosure before

I ntroduci ng anot her batch of a different material into the steam

at nosphere left in t € €hel moiist Myteticaldryo g diritede ispriec &tiendorat ©f.
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a slurry, or other flowable material; it may be delivered to
the drying enclosure 10 through a pipe, and in this case the
inlet duct 11 of the previously described arrangements may be
dispensed with. Such an arrangement is shown in Figure 7.
This shows a horizontal pipe 53 communicating directly with
the enclosure 10 so that moist material 18 delivered under
pressure along the pipe 53 is passed directly on to the drying
conveyor 14 within the enclosure 10. The discharge from the
pipe 53 is preferably arranged so that the material is spread
in the form of a shallow layer across the width of the
conveyor 1l4. Other features of the enclosure 10 and of the
outlet duct 12 and outlet conveyor 15 may be in accordance
with any of the previously described embodiments.

Since the inlet pipe 53 is completely filled with
the slurry, it is effectively gas-tight so that escape of
steam from the enclosure 10 through the pipe 53 is not
possible. '

The pipe 53 may pass through an additional condenser
(not shown) located either inside or outside the enclosure 10,
the condenser pre-heating the slurry so that no condensation
of méisture on the slurry can occur as it is passed into the
enclosure 10, thus reducing both the external thermal energy
input and the time réquired for drying. The condenser for
pre-heating the slurry may correspond to the condenser 36 of
the Figure 4 arrangement gnd may be connected in similar
fashion.

In any of the described arrangements, baffles and/or
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CLAIMS 1. i ["Apparatds for continuous drying of noist materials in

super heat ed steam drying encl osure, neans for generating
CRELTE LR i

super heat ed stteam ]y to dré noist materials in said
encl osure, anji nj out| et "d&Ct conmunicating with the

encl osure, means for conveylng terial along said ducts to and fromthe
encl osure res - gast said outlet duct ext endi ng downwar dl y

] d h
oS, GEETMBEER ot ﬁce%s‘a?‘n?&"fi‘é#%aﬂaﬂ% et oo uke, By idrdas
steam tendignif RS SRANARLU % A ti&%ﬁ_’ UShe8 ? ‘rt:%l;ef '}ﬁ' tg'r[n

or other gas tending to pass upwar y a ng
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within the enclosure 10 above and within all of the upper
sections of the ducts and so assist in preventing external air
or gas being drawn upwards into either of the ducts. Such
baffles and/or deflectors may also prevent turbulence of the
superheated steam within the enclosure 10, or draughts in the
external air or other gas, causing destabilisation of the
stratification layer -21 within the middle sections of the
ducts.

Any of the forms of apparatus according to the
invention may include, preferably located in the top of the
enclosure 10, an outlet (indicated at 60 in Figure 1) which,

when opened, will allow any superheated steam contained within

the enclosure 10 to escape through the outlet, external air
or other gas then rising by convection through the ducts 11
and 12 to replace the escaping steam, so that subsequent safe
access to the enclosure 10 may be facilitated.

In any of the above descfibed arrangements, the
integpal constructional features of the enclosure 10, such as
the drying conveyor 14, heat source 23 and fan 24, are
preferably mounted on the base of the enclosure 10 and are
accessible through access panels in the base. This enables
the thermally insulated walls and tdp of the enclosure 10 to
be made of lightweight materials and constructed in the form
of a 1lid resting in gas-tight sealing manner on the perimeter

of the base of the enclosure 10. Hydraulic or other lifting



bet ween sai d 5J3314¥33MENTTSHEEgiher gas, which layer inhibits the escape

of steamfromjthe enclosure and|the entry of said external air or other
gas into the dncll ogut guLbW9?! qwlal ong d%%e outlet duct, while permtting
t he eonveyanc materi al allofg the t and through said stratification
| ayer. 2. paratus accorjding to Claim1, wherein said inlet duct
al so extends dpwnwardl comuni cation with the enclosure and has

ey, P A B T T B P e

wher eby, use ure and erentia

| ayer is @f g{] ayer f%%'éﬂﬁl%t% ﬁ?édeéé,ﬁ%éé@sata or

ot her gas, ts the escape of steamfrom e encl osure and
the entry zﬂfl %@rﬂ%eﬁhél o ERlcEPSnAD PeatifesN6E OEHE CenBYokhiow. al ong
the inlet duct, while permtting

Any apparatus according to the invention may also

include the provision of ionisation apparatus which can be
applied to any or all of the steam within the enclosure 10,
to the stratification layers 21, or to the external air or
other gas within the lower sections of the inlet and outlet
ducts. Such ionisation may increase the tendency of the steam
ana externai.air or other gaé to'fémain-séparaté.ét thé level
of the stratification layer 21.

The conveyors conveying material through the inlet
and outlet ducts and the enclosure 10 may comprise one or more
endless band conveyors. In each case the return stretch of
the endless band ~conveyor preferably passes through a
thermally insulated tunnel so as to reduce heat losses from
the structure.

In an alternative construction the conveyors may
comprise passive or mechanically rotated rollers over which
the material to be dried may be drawn or conveyed through the
apparatus. Such an arrangement is particularly suitable where
the Qaterials are in sheet or flattened form. Such rollers
may be heated so as to assist in the preheating and/or drying
of the materials.

In another embodiment any drying conveyor 14 for
transﬁorting materials through the enclosure 10 may comprise
a rotatable sloping cylinder, which may have a perforated

shell, so arranged that as the cylinder is rotated material
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-27- t he convéyarceof-Tareri al along the inlet duct and through said

stratifrcation lfay. Appar atus according to Claim2, wherein
there is pro ideofé %‘T}ﬁa?gg cpnpon duct 6g/m ch constitutes both said inlet

duct -and saidjo atus according to Caim1,
wherein said iinlet duct is, i n use, substantial ly filled wwth materi al
bei ng conveyedalony & duct, whereby said material itself forms a
barrier towikfigscens ybimder f Ham thebeas! WsLeRy ki) tBAgthn! 6F did -

cylinder. Alternatively, any conveyor may comprise a sloping
vibrating platform or channel. In either case any conveyor
may be heated so as to comprise a heated conveyor 31 described
in the embodiment of Figure 3.

Any inlet conveyor 13 may also be heated so as to
pre-heat the moist material carried by it.

In any apparatus according to the invention the
dried material being conveyed down the outlet duct 12 may
whére advantageous _.b'e cooled wheil passing through the lower
section 30 of the outlet duct, or subsequently thereto.
Cooling may be effected by heat exchange with a cooling medium
vhich may then be arranged to transfer its heat to moist
material being delivered to the drying .enclosure.

In any of the described arrangements the apparatus
may be contained withir; a vacuum chamber, in order to reduce
the pressure and therefore the temperature at which steam is
produced from the mois.t material. Thié enables material to
be dried which cannot tolerate the temperature of superheated
steam at atmospheric pressure, sinée the reduced pressure
within the vacuum chamber may reduce the temperature of the
supe;:'heated steam to below 100°C. In such an apparatus, after
reducing the pressure within the vacuum chamber to below
atmospheric pressure by means of a vacuum pump, the low
pressure may be maintained by causing successive portions of
steam vented from the enclosure to be directly condensed into
water which is thereby drawn upwards into and subsequently

fills each of at least two additional small vacuum chambers



5. Appar gt ; rlany of Clains 1-4, wherein said neans for
generatlng superheated steamijngl ude a heat source and a fan device for
circulating gap W NJULh¥97encliosure bet ween the heat source and nateri al
to be dried in} fhe enclosure er eby 2&-d superheated steamis generated,
at least in paft, fromnoisture §yn said material. 6. Appar at us
according to ahy _of . C alos erein said neans for generating

super heat ed, st eam i ncl ude ext er nal st eam gener ati_ng nmeans, separate from
the encl osWith #£ndd cwatars neBEdST oRSIER | §EF’Pﬁ§SéY?erR%‘THP'beﬁ§r eﬁtéti“%t eam

to the enclosure. par at us. ac¢ordin of Cl ai ns
wher ei n s‘é?B%ﬁQar&r‘?%rtESn “rFﬁeq' aF-SaIr@H% %0 ofe PER 1&‘9

inlet and outlet ducts ri se n or struct re which i s d|
ovabl o al SHELE LA SHARRST it YEe Repr pge 1S dt B upvar s

said preceding vacuum chamber is released downwards and in its

downwards descent may be used to provide motive power. Any
small volume of incondensible gas remaining in any of the
small vacuum chambers may be removed by means of ‘a further

small vacuum pump.

In any of the arrangements according to the
invention successive batches of different materials may be
dried separately in the drying enclosure by allowing each
batch completely to pass out of the enclosure before
introducing another batch of a different material into the
steam atmosphere left in the enclosure by the drying of the

‘preceding batch.
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CLAIMS

1. Apparatus for continuous drying of moist materials

in superheated steam comprising a drying enclosure, means for
generating superheated steam at least partly to dry moist
materials in said enclosure, an inlet duct and an outlet duct
communicating with the enclosure, means for conveying material
along said ducts to and from the enclosure respec@ively, at
least said outlet duct extending downwardly from its
communication with the enclosure and having an open end
through which, in use; said material is conveyed out of the
duct whereby, in use, steam tending to pass downwardly along
said outlet duct and external air or other gas tending to pass
upwardly along the outlet duct meet to form within the duct

a temperature and density differential stratification layer

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

the escape of steam from the enclosure and the entry of said
external air or other gas into the enclosure, by flow along

the outlet duct, while permitting the conveyance of material

-along the duct and through said stratification layer.

2. Apparatus according to Claim 1, wherein said inlet
duct also extends downwardly from its communication with the
enclésure and has an open end through which, in use, said
material is conveyed into the duct whereby, in use, a
temperature and density differential stratification layer is
also formed within the inlet duct between said steam and air
or other gas, which layer inhibits the escape of steam from
the enclosure and the entry of external air or other gas into

the enclosure, by flow along the inlet duct, while permitting
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Apparatus according to any of the preceding claims,
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provided a single common duct which constitutes both said

Ainlet duct and said outlet duct.

4. Apparatus according to Claim 1, wherein said inlet
duct is, in use, substantially filled with material being
conveyed along said duct, whereby said material itself forms
a barrier to the escape of steam from the enclosure along the
inlet duct.

5. Apparatus according to any of Claims 1-4, wherein
said means for generating superheated steam include a heat
source and a fan device for circulating gas within the

enclosure between the heat source and material to be dried in

"the enclosure, whereby said superheatéd steam is generated,

at least in part, from moisture in said material.

6. Apparatus according to any of Claims 1-5, wherein
said means for generating superheated steam include external
steam generating means separate from the enclosure, and

conduit means for delivering externaliy generated steam to the

enclosure.

2

7. Apparatus according to any of Claims 1-6, wherein
said means for conveying material along at least one of said
inlet and outlet ducts comprise a conveyor structure which is

bodily movable along the duct and on which said material is

supported.

8. Apparatus according to Claim 7, wherein said

conveyor structure comprises a stretch of an endless band

including a vent duct



14. ApparaREBLAeENﬁm”‘QHEE?EIain113, wher ei n t he—vent----duct- has-an

outl et disposed gubstantralrry the level of said yer
15. Appar at ys 2OCHY r 11?}% t D Claim 13 or Caim 14 “mﬂ”ﬂg"
duct includes & ondenser cbndense sa&ic portion- * eam

vented fromthe enctostre—se to recover thermnal energy t herefrom
Appar atus accofding to Caim 1 wherein said - 29- condenser
is located adjacent sard rnretr—dauct so as to pre- heat, by heat exchange,
noi st mat eFPBVEYeEng conveyed al ong

=

9. Apparatus according to any of Claims 1-8, wherein
there is provided in the enclosure conveying means to
transport material through the enclosure from the inlet duct
to the outlet duct.

10. Apparatus according to Claim 9, wherein said
conveying means is heated so as to heat and assist in the
drying of material supported thereby in the enclosure.

11. Apparatus according to Claim 9 or Claim 10, wherein
said conveying means for transporting material through the
enclosure and said means for conveying material along at least
one of said inlet and outlet ducts comprise portions of a
single substantially continuous conveyor.

12, Apparatus according to any of the preceding claims,
"wherein a portion of the outlet duct above the stratification
layer is thermally insulated and a portion of the outlet duct
below the stratification layer is substantially uninsulated.
13. Apparatus according to any-oftthe preceding claims,
including a vent duct for venting a portion of the superheated
steam from the enclosure. |

14. Apparatus according to Claim 13, wherein the vent

P

duct has an outlet disposed substantially at the level of said
stratification layer.

15. Apparatus according to Claim 13 or Claim 14, wherein
the vent duct includes a condenser to condense said portion
of superheated steam vented from the enclosure, so as to
recover thermal enerqgy therefrom.

16. Apparatus according to Claim 15, wherein said
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wherein a conpressor is provided in said vent duct to conpress said :
said inlet duct.

17. Apparatus according to Claim 15, wherein said vent
duct includes at least two condensers in series, one of said
condensers being located adjacent said inlet duct.
i8. Apparatus according to Claim 16 or Claim 17, wherein
fan means are provided to circulate heated gas between said
condenser and said moist material being conveyed along the
.inlet duct.
19. Apparatus according to Claim 2 and any of Claims 16
to 18, wherein said condenser located adjacent said inlet duct
is located adjacent a portion of the inlet duct below the said
stratification layer.

' 20. Apparatus according to any of ¢laims i3-19, wherein
a compressor is provided in said vent duct to compress said
portion of the superheated steam vented from the enclosure
through the duct, and wherein compre;sse_.d éteam from the
compressor is delivered to a condenser located within the
enclosure so as to contribute to the heating of moist material
in the said enclosure.

21. Apparatus according to any of the preceding claims
wherein said apparatus is enclosed within a chamber having
means for reducing the pressure in the chamber below
atmospheric pressure, thereby to reduce the temperature of the
superheated steam.

22. Apparatus according to any of the preceding claims

wherein the enclosure includes automatically controlled
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a control device to restrict the discharge of steam from the
enclosure to a quantity insufficient to allow external air or
other gas to be drawn into the enclosure, through the
aforesaid inlet and outlet ducts, to replace the discharged

steamn.

23. Apparatus according to Claim 22, wherein said
control device comprises a volumetric flow confrol valve.
24. ~ Apparatus according to any of the preceding claims
wherein there is provided in the enclosure and/or in at least
one of said inlet and outlet ducts, baffle and/or deflector
means to tend to equalise the pressure within and above the
upper section of said duct or ducts, to inhibit entrainment
of air or steam by the conveyance of material along the duct
or ducts, and to confine within the enclosure the turbulence
of the superheated steam which would otherwise tend to de-
stabilise said stratification layer. L

25. Apparatus according to any of the preceding claims,
including a closable outlet in the enclosure whereby the
outlet, when opened, allows superheated steam in the enclosure
to be displaced by external air or other gas passing into the
enclosure through said inlet or outlet ducts.

26. A method of continuous drying of moist materials in
superheated steam in apparatus comprising a drying enclosure,
means for generating superheated steam at least partly to dry
moist materials inside the enclosure, an inlet duct and an

outlet duct communicating with the enclosure, and means for
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ducts, baffle and/or deflector
to extend downwardly from its communication with the enclosure

and controlling the generation of superheated steam within the
enclosure so that steam tending to pass downwardly along said
outlet duct and external air or other gas tending to pass
upwardly along the outlet duct meet to form withig the duct
a temperature and density differential stratification layer
between said steam and air or other gas, which layer inhibits
the escape of steam from the enclosure and the entry of
‘external air or other gas into the enclosure, B& flow along
the outlet duct, while permitting the conveyance of material
along the duct and through the stratification layer.
27. A method according to Claim 26, comprising also
' disposing said inlet duct to extend downwardly from its
communication with the enclosure so that steam tending to pass
downwardly along said inlet duct and external air or other gas
tending to pass upwardly along the inigt duct meet to form
within the duct a temperature and density differential
stratification layer between said steam and air or other gas,
which layer inhibits the escape of steam from the enclosure
and the entry of external air or other gas into the enclosure,
by flow along the inlet duct, while permitting the conveyance
of material along the inlet duct and through said
stratification layer.
28, Apparatus for continuous drying of moist material
substantially as hereinbefore described with reference to any

of Figures 1-7 of the accompanying drawings.
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Apparatus for continuous drying of moist materials
in superheated steam comprises a drying enclosure 10, open-
ended inlet and outlet ducts 11, 12 communicating with the
enclosure, and conveyors 13, 14, 15 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 19 being dried by
circulating the initial gas within the enclosure between a
heat source 23 and the material, and/or by the injection into
the enclosure of superheated steam from an external source.

' The inlet duct 11 and outlet duct 12 both extend downwardly
from the enclosure 10 and a vent duct.éz from the enclosure
has an outlet 26 normally at a level midway along the two
ducts. 1In 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 temperature and
density differential stratification layer 21. These layers
act as barriers to the escape of steam from the enclosure
while at the same time permitting the free conveyance of

material along the ducts and into and out of the enclosure 10.

(Refers to Figure 2)
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