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Description

Field of the Invention

[0001] The present invention relates to an apparatus for use in the drying of substrates, most particularly textile fibres
and fabrics, using solid particulate material. More specifically, the invention is concerned with an apparatus which
provides for the use of such solid particulate material in a system adapted to optimise mechanical interaction between
said particles and substrates, and which facilitates the easy removal of the particles from said substrates after completion
of drying. The apparatus collects the solid particulate material which facilitates the re-use of the particles in subsequent
substrate treatment operations such as washing. The present invention also relates to methods of drying a wet substrate
using such apparatus and a solid particulate material.

Background to the Invention

[0002] Tumble drying processes are a mainstay of both domestic and industrial textile fabric cleaning procedures and
typically involve placing the textiles in a container such as a cylindrical drum which is rotated in alternating clockwise
and anti-clockwise cycles whilst hot air is introduced into the drum. Domestic dryers typically comprise cylindrical drums
having solid walls and the hot air is introduced at the rear of the drum, whilst the cylindrical drums in industrial dryers
may have perforated side walls, such that the hot air may enter through the perforations. A combination of the hot air
treatment and the mechanical action of the tumbling process causes water to be expelled from the textile materials in
order that drying is achieved.
[0003] However, such processes, though generally very effective, are usually characterised by high levels of energy
consumption, both in terms of effecting rotation of the container and, most particularly, in generating heated air. Typically,
prior art processes may involve prolonged treatments at high temperatures in order to effect the required degree of
drying. Clearly, however, the lower are the energy requirements of a system, the more efficient is the system and its
associated drying process. Consequently, there is a desire to reduce both the time of such drying treatments and the
temperature at which they are carried out in order to provide more efficient processes, whilst maintaining equivalent
drying performance.
[0004] Current efficient domestic tumble dryers are graded in terms of energy consumption according to EU Directive
92/75/EEC and, more specifically, Directive 95/13/EEC, with category ’A’ dryers being the most efficient, and category
’G’ the least efficient. Hereinafter, energy consumptions are quoted for the cotton drying cycle for each machine type,
in kWh/kg of drying load. Thus, for vented tumble dryers, ’A’ class consumption is <0.51 kWh/kg, ’C’ class (most common)
is between 0.59 and 0.67 kWh/kg, whilst ’G’ class is >0.91 kWh/kg. These values differ slightly for condenser tumble
dryers, with ’A’ class at <0.55 kWh/kg, ’C’ class (most common) at between 0.64 and 0.73 kWh/kg, and ’G’ class at
>1.00 kWh/kg. With average domestic dryer capacities now at around 8.0 kg, this equates to a typical consumption for
a ’C’ class vented tumble dryer of 4.7-5.4 kWh/cycle; an ’A’ class equivalent machine would run at <4.1 kWh/cycle. The
most recent system in the EU (arising from Commission Delegated Regulation 392/2012, which entered into force on
29 May 2012 and will start applying from 29 May 2012) has, however, seen a switch to a new rating system for domestic
tumble driers. This considers annualised energy consumption and derives an energy efficiency index (EEI), as well as
introducing three new classes on top of class A, these being A+, A++ and A+++ (most efficient). An EEI value of < 24
results in an A+++ energy efficiency rating. Performance levels in the domestic sector generally set the highest standard
for an efficient fabric drying process. Energy consumption in industrial tumble drying is usually higher, due to the need
for faster cycle times. It is also noteworthy that, overall, tumble drying is significantly less efficient than washing as a
component part of the laundry process in either sector.
[0005] Heating of the circulating air is the principal use of energy in such tumble dryers and the present inventors have
therefore sought to effect improvements in the prior art processes by reducing the temperature levels required in such
processes. This has been possible by means of changes made to the mechanical action of the process on the fabric in
the drying load. Mechanical action in a conventional, horizontal axis tumble dryer is generated by the forces acting on
the fabric through falling and hitting either other fabric or the dryer inner drum surface, whilst the fabric is interacting with
the forced hot air flow. This results in release and evaporation of water from within the fabric, and hence drying. In the
method herein provided, alteration of the mechanical action of the process in order to promote more localised release
and evaporation of water at the fabric surface has resulted in lower drying temperatures. As a further potential benefit,
it has been found that the changes made can also reduce the degree of fabric folding, and hence the level of creasing
associated with tumble drying. Creasing, which concentrates stresses during this drying process, is a major source of
localised fabric damage. Ironing at high temperatures is then the conventional means used to remove such creasing
and this, too, brings a fabric damage penalty. Prevention of fabric damage (i.e. fabric care) is of primary concern to the
domestic consumer and the industrial user. Furthermore, if creasing is reduced, there is also the secondary benefit to
the user of convenience resulting from less ironing.
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[0006] Hence, the present inventors sought to devise a new approach to the drying problem, which allows the above
deficiencies associated with the methods of the prior art to be overcome and thereby provided a method which eliminates
the requirement for the use of high drying temperatures for extended periods of time, but is still capable of providing an
efficient means of water removal, so yielding economic and environmental benefits. The method also promotes fabric
care through reduced creasing and fewer requirements for subsequent ironing.
[0007] Previously, in WO-A-2007/128962 there was disclosed a method and formulation for cleaning a soiled substrate,
the method comprising the treatment of the moistened substrate with a formulation comprising a multiplicity of polymeric
particles, wherein the formulation is free of organic solvents. In preferred embodiments, the substrate comprises a textile
fibre and the polymeric particles may, for example, comprise particles of polyamides, polyesters, polyalkenes, poly-
urethanes or their copolymers, but are most preferably in the form of nylon particles.
[0008] The method disclosed in this document has been highly successful in providing an efficient means of cleaning
and stain removal which also yields significant economic and environmental benefits due to its use of a cleaning formu-
lation which requires the use of only limited amounts of water. The present inventors therefore sought to provide a drying
process which adopts a similar approach to that disclosed in WO-A-2007/128962, and which offers benefits in terms of
reduced energy requirements, whilst still providing an acceptable level of performance, and succeeded in achieving at
least equivalent drying performance whilst employing significantly reduced process temperatures.
[0009] Thus, in WO-A-2012/098408 a process is provided wherein the drying effect achieved as a consequence of
mechanical interaction of a wet substrate with physical media is optimised, such that excellent drying performance may
be achieved at much lower temperatures (i.e. low energy) without extending drying times. Additional benefits have also
been observed in terms of the reduction of fabric creasing and associated fabric damage. Specifically, there is provided
a method for the drying of a wet substrate, said method comprising treating the substrate with a solid particulate material
at ambient or elevated temperature, said treatment being carried out in an apparatus comprising a drum comprising
perforated side walls, wherein said drum comprising perforated side walls is rotated so as to facilitate increased me-
chanical action between said substrate and said particulate material. The method of WO-A-2012/098408 derives from
an appreciation on the part of the inventors that optimum drying performance can be achieved as a result of improved
mechanical interaction between substrate and physical media. This can be effected by the use of solid particles in the
drying process and is a function of the number, size and mass of the particles and the free volume within the vessel in
which the drying operation takes place, in addition to the G force dictated by its speed of rotation. Free volume in this
context refers to the space inside the vessel which remains unoccupied by wet substrate or particulate media, and G
force is defined on the basis of the centripetal forces which are acting. Even though WO-A-2012/098408 describes a
method which can dry a substrate effectively, the present inventors have now sought to provide an apparatus and method
offering further improvements. In particular, the present invention attempts to solve, at least in part, one or more of the
following problems: (i) removal and collection of the solid particulate material, (ii) improved drying efficiency, (iii) improved
fabric care and (iv) reduced fabric creasing.
[0010] WO-2010/094959-A discloses an apparatus and method for use in the cleaning of soiled substrates, the ap-
paratus comprising a casing which contains a rotatably mounted cylindrical cage concentrically located within a rotatably
mounted cylindrical drum having a greater diameter than the basket, wherein the cage and the drum are concentrically
located within a stationary cylindrical drum having a greater diameter than the rotatably mounted drum, wherein the
casing includes access means, allowing access to the interior of the cylindrical basket, and wherein the rotatably mounted
cylindrical cage and the rotatably mounted cylindrical drum are adapted to rotate independently.
[0011] WO-2013/026233-A discloses a washing machine comprising four layers of mutually sleeved washing tubs
and water-retaining tubs, wherein particles are stored in a space between the second and third tubs, and arranged on
the tub walls of the second and third tubs are several first openings used for spin-drying, and arranged on the tub wall
of the second tub is a second opening for deploying and recycling the particles. The washing machine is reported to
integrate the functions of the washing of clothes, separation of the clothes and the particles, recycling and storage of
the particles, and spin-drying of the particles. WO-2013/016902-A discloses a washing machine comprising an outer
tube and a rotatable inner tube divided into two layers, namely, a first inner tube and a second inner tube, wherein the
second inner tube surrounds an outer side of the first inner tube, and wherein a particle storage space is located between
the outer tube and the second inner tube. The tube-wall of the first inner tube is provided with several first holes through
which particles pass, and the tube-wall of the second inner tube is provided with several second holes for dehydration
such that the diameter of the second hole is smaller than the minimum diameter of the particles. The tube-wall of the
second inner tube is provided with an input hole and an output hole for feeding and recycling the particles, wherein the
input hole and the output hole are selectively in communication with the particle storage space. The washing machine
is reported to integrate multiple functions of clothes washing, separation of clothes from particles, recycling and storage
of the particles, and self-cleaning of the particles. US-2009/276966-A discloses a washing machine which includes a
horizontally rotatable drum having a drum shell, wherein hollow agitators are disposed on the inside of the drum and
have a base as part of the drum shell and at least one inlet opening to allow lye into the hollow space. Outlet openings
are located on a top region of each agitator for allowing lye to pour out upon rotation to an elevated position. A fixed
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barrier located in the hollow space of each agitator serves to divide the space to define a chamber such that upon rotation
from a lowest position, the chamber fills with lye, and upon further rotation the lye flows out of the outlet openings.

Summary of the Invention

[0012] According to a first aspect of the present invention, there is provided an apparatus as defined in claim 1 for use
in the drying of substrates using a solid particulate material, said apparatus comprising:

(a) housing means having mounted therein a rotatably mounted cylindrical drum;

(b) access means; and

(c) at least one collection means,

wherein said rotatably mounted cylindrical drum additionally comprises capturing and transferring means, adapted to
facilitate collection of said solid particulate material and transfer of said material to said at least one collection means,
wherein said capturing and transferring means comprises one or a plurality of compartments, wherein said collection
means is physically detachable from the apparatus.
[0013] In an embodiment of the invention, said drum has a capacity of between 5 and 50 litres for each kg of substrate.
Typically, said drum is rotated at a speed which generates G forces in the range of from 0.05 to 0.99 G.
[0014] In certain embodiments of the invention, said rotatably mounted cylindrical drum comprises solid side walls
including no perforations preferably such that, in operation, ingress and egress of any materials from the interior of drum
is only possible via said capturing and transferring means to said at least one collection means. Such an arrangement
is typically found in domestic dryers and certain industrial dryers.
[0015] In alternative embodiments of the invention, said rotatably mounted cylindrical drum comprises perforated side
walls, wherein said perforations comprise holes having a diameter less than that of the particles of the solid particulate
material. Typically, said perforations comprise holes having a diameter of no greater than 3.0 mm; thus, said perforations
are adapted so as to prevent the egress of said solid particulate material. Such arrangements may be found in certain
industrial dryers.
[0016] Typically, said capturing and transferring means comprises at least one receptacle comprising a first flow path
facilitating ingress of solid particulate material from said rotatably mounted cylindrical drum and a second flow path
facilitating transfer of said solid particulate material to said collection means.
[0017] Said capturing and transferring means comprises one or a plurality of compartments.
[0018] In certain embodiments of the invention, said compartment or plurality of compartments may be located on at
least one inner surface of said rotatably mounted cylindrical drum.
[0019] Embodiments of the invention envisage a plurality of compartments located, typically at equidistant intervals,
on the inner circumferential surface of said rotatably mounted cylindrical drum.
[0020] Said capturing and transferring means is preferably adapted such that ingress of solid particulate material and
transfer of said solid particulate material to said collection means may be controlled by the direction of rotation of said
rotatably mounted cylindrical drum. Thus, in embodiments of the invention wherein said capturing and transferring means
comprises at least one compartment comprising a flow path facilitating ingress of solid particulate material and transfer
of said solid particulate material to said collection means, said ingress and transfer is dependent on said direction of
rotation, and ingress of material does not occur when the direction of rotation is reversed.
[0021] Typically, said capturing and transferring means comprises routing means, adapted to direct the transference
of said solid particulate material to said collection means.
[0022] In embodiments of the invention, said capturing and transferring means comprises regulating means. Said
regulating means is typically located in the second floe path and is typically adapted to control the transfer of said solid
particulate material to said collection means.
[0023] The present invention also envisages apparatus wherein said capturing and transferring means and said at
least one collection means is retrofitted to apparatus of the prior art.
[0024] Said access means typically comprises a hinged door mounted in the casing, which may be opened to allow
access to the inside of the cylindrical drum, and which may be closed in order to provide a substantially sealed system.
Typically, the door includes a window.
[0025] Said rotatably mounted cylindrical drum is mounted horizontally within said housing means. Consequently, said
access means is typically located in the front of the apparatus, providing a front-loading facility.
[0026] Rotation of said rotatably mounted cylindrical drum is effected by use of drive means, which typically comprises
electrical drive means, in the form of an electric motor. Operation of said drive means is effected by control means which
may be programmed by an operative.
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[0027] Said rotatably mounted cylindrical drum is of the size which is to be found in most commercially available tumble
dryers, and may have a capacity in the region of 10 to 7000 litres. Particular embodiments of the invention are concerned
with domestic drying machines wherein a typical capacity would be in the region of 30 to 220 litres. However, other
embodiments of the invention relate to industrial dryers, wherein capacities anywhere in the range of from 220 to 7000
litres are possible. In the context of the drying of textile substrates, a typical size in this range is that which is suitable
for a 25 kg load, wherein the drum has a volume of 450 to 650 litres and, in such cases, said drum would generally
comprise a cylinder with a diameter in the region of 75 to 120 cm, typically from 90 to 110 cm, and a length of between
40 and 100 cm, typically between 60 and 90 cm. Generally, the drum will have 20 litres of volume per kg of load to be dried.
[0028] In typical embodiments of the invention, said apparatus is designed to operate in conjunction with substrates
and a solid particulate material, which is most preferably in the form of a multiplicity of polymeric particles or a mixture
of polymeric and non-polymeric particles. These particles are typically required to be efficiently circulated to assist in
promoting effective drying and the apparatus, therefore, typically includes circulation means. Thus, the inner surface of
the cylindrical side walls of said rotatably mounted cylindrical drum typically comprises a multiplicity of spaced apart
elongated protrusions affixed essentially perpendicularly to said inner surface. Typically said apparatus comprises from
3 to 10, most preferably 4, of said protrusions, which are commonly referred to as lifters. In operation, agitation of the
contents of the rotatably mounted cylindrical drum is provided by the action of said lifters on rotation of said drum.
[0029] Particular embodiments of the invention envisage an apparatus as hereinbefore defined wherein said capturing
and transferring means comprises a plurality of compartments located at equidistant intervals on the inner circumferential
surface of said rotatably mounted cylindrical drum. In said embodiments, said plurality of compartments thereby addi-
tionally functions as a plurality of lifters.
[0030] Thus, in said embodiments, said lifters are adapted so as to capture said solid particulate material and to
facilitate controlled transfer of solid particulate material between said lifter/capturing/transferring means and said at least
one collection means. Most typically, said apparatus comprises a capturing compartment of essentially equal length to
said lifter, and adapted so as to provide a first flow path from the compartment through an aperture in said lifter to the
inside of said drum. Thus, in operation, for a given direction of rotation of said drum, particulate material present on the
inner surface of said drum enters the lifters through the aperture and transports to the compartment housed therein via
the first flow path; when the direction of rotation of said drum is reversed, entry of the solid particulate material into the
compartment does not occur, or occurs to a lesser extent. Typically, said first flow path comprises a first aperture allowing
ingress of solid particulate material into said capturing compartment and said second flow path comprises a second
aperture allowing transfer of said solid particulate material to said at least one collection means. The dimensions of the
apertures are selected in line with the dimensions of the solid particulate material, so as to allow efficient ingress and
transfer thereof.
[0031] Said collection means typically comprises a container which acts as a receptacle for said solid particulate
material. Said container is typically located adjacent an outer surface of said rotatably mounted cylindrical drum and
may be positioned at any location on the circumference of said rotatably mounted cylindrical drum. In alternative em-
bodiments, said collection means may be located adjacent an end surface of said rotatably mounted cylindrical drum.
In said embodiments, said collection means may optionally be located adjacent the inner back surface of said rotatably
mounted cylindrical drum, remote from the access means; alternatively, said collection means may be mounted externally
to the front end of said rotatably mounted cylindrical drum.
[0032] In embodiments of the invention, wherein said collection means is located on the inner back end surface of
said rotatably mounted cylindrical drum, said collection means typically comprises a cylindrical container arranged about
the central axis of said drum and having a relatively large cross sectional area and small overall depth, such that the
arrangement does not significantly adversely impact the internal volume of the rotatably mounted cylindrical drum. In
embodiments of the invention wherein said collection means is mounted externally to the front end of said rotatably
mounted cylindrical drum, said collection means may conveniently be comprised in the access means.
[0033] In typical embodiments of the invention, said apparatus comprises at least one recirculation means, thereby
facilitating recirculation of said solid particulate material from said collection means to said rotatably mounted cylindrical
drum, for re-use in drying operations. Typically, a first recirculation means comprises ducting connecting said collection
means and said rotatably mounted cylindrical drum.
[0034] In said embodiments, recirculation of solid particulate material from said collection means to said rotatably
mounted cylindrical drum may be achieved by the use of pumping means comprised in said first recirculation means,
wherein said pumping means may typically be driven mechanically or pneumatically.
[0035] In operation, said apparatus is used for the drying of substrates and provides for the separation and recovery
of said solid particulate material on completion of the drying process. Optionally, said solid particulate material may be
continuously recirculated during the drying process. Said solid particulate material is collected in the collection means
at the end of the process and may then be re-used in subsequent drying procedures.
[0036] In alternative applications, however, the solid particulate material which is collected in the collection means
may be harvested and then utilised in washing machines for cleaning operations which rely on the use of solid particulate
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material. This approach is particularly relevant in the domestic machine market where it is difficult to achieve 100%
separation of the solid particulate material from the wet substrates in a washer. In said applications, the solid particulate
material is introduced into the dryer with the wet substrates and the additional volume of the dryer provides a sufficient
increase in ullage to facilitate separation of particulate material at a level of >99% and, typically, removal rates approach,
or actually reach, 100%. The apparatus is used to collect solid particulate material - which is carried over with the wet
substrate from the cleaning operation in a matched pair washer - in the collection means, and it is harvested by removal
therefrom. The collection means is physically detachable from the apparatus of the invention, allowing for simple and
convenient harvesting of the solid particulate material by removal from the collection means, and its recycling into the
matched pairwashing machine for subsequent cleaning operations.
[0037] According to a second aspect of the present invention, there is provided a method for the drying of a wet
substrate, said method comprising treating the substrate with a solid particulate material at ambient or elevated temper-
ature, said treatment being carried out in an apparatus according to a first aspect of the invention.
[0038] The substrate preferably is, or comprises, at least one textile fibre which is typically in the form of a textile fibre
garment.
[0039] Typically, said method comprises the steps of:

(a) introducing at least one wet substrate into said rotatably mounted cylindrical drum via access means;

(b) closing the access means so as to provide a substantially sealed system;

(c) introducing solid particulate material into said rotatably mounted cylindrical drum;

(d) operating the apparatus for a drying cycle, wherein said rotatably mounted cylindrical drum is caused to rotate
and said solid particulate material is optionally recirculated through the apparatus until drying is completed;

(e) causing said rotatably mounted cylindrical drum to rotate so as to cause solid particulate material to be captured
by said capturing and transferring means and thereby transferred to said collection means; and

(f) ceasing rotation of said rotatably mounted cylindrical drum.

[0040] Optionally, on completion of the drying operation, said collection means may be removed from said apparatus
and said solid particulate material may be harvested for re-use in cleaning operations requiring the use of solid particulate
material in a suitable washing machine. This approach is particularly suited to embodiments of the invention wherein
solid particulate material is introduced into the dryer with the wet substrate from a washer using solid particulate material;
on completion of the drying operation, the collection means may be removed from the apparatus and the solid particulate
material can then be harvested for re-use in cleaning operations in a matched pair washing machine that requires the
use of solid particulate material, as previously discussed.
[0041] Typically, said solid particulate material comprises a multiplicity of particles which may be polymeric, non-
polymeric or mixtures thereof, and which may be added at a particle to fabric addition level of 0.1:1-10:1 by mass.
[0042] The size of said particles, in combination with their material density and the total particle to fabric addition level,
determines the number of particles which are present in a process according to the invention. Each particle may have
a smooth or irregular surface structure, can be of solid or hollow construction, and is of such a shape and size to allow
for good flowability and intimate contact with the soiled substrate, which typically comprises a textile fabric. A variety of
shapes of particles can be used, such as cylindrical, spherical or cuboid; appropriate cross-sectional shapes can be
employed including, for example, annular ring, dog-bone and circular. Most preferably, however, said particles comprise
cylindrical or spherical particles.
[0043] Polymeric particles typically have an average density in the range of 0.5-2.5 g/cm3, more typically from 0.55-2.0
g/cm3, more typically from 0.6-1.9 g/cm3. Non-polymeric particles generally have an average density in the range of
from 3.5-12.0 g/cm3, more typically from 5.0-10.0 g/cm3, most typically from 6.0-9.0 g/cm3. The average volume of both
the non-polymeric and polymeric particles is typically in the range of 5-275 mm3, more typically from 8-140 mm3, most
typically from 10-120 mm3.
[0044] In the case of cylindrical particles - both polymeric and non-polymeric - of oval cross section, the major cross
section axis length, a, is typically in the range of from 2.0-6.0 mm, more typically from 2.2-5.0 mm, most typically from
2.4-4.5 mm, and the minor cross section axis length, b, is typically in the range of from 1.3-5.0 mm, more typically from
1.5-4.0 mm, and most typically from 1.7-3.5 mm (a > b). The length of such particles, h, is typically from 1.5-6.0 mm,
more typically from 1.7-5.0 mm, and most typically from 2.0-4.5 mm (h/b is typically in the range of from 0.5-10).
[0045] For cylindrical particles - both polymeric and non-polymeric - of circular cross section, the typical cross section
diameter, dc, is in the range of from 1.3-6.0 mm, more typically from 1.5-5.0 mm, and most typically from 1.7-4.5 mm.
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The typical length, hc, of such particles is again from 1.5-6.0 mm, more typically from 1.7-5.0 mm, and most typically
from 2.0-4.5 mm (hc/dc is typically in the range of from 0.5-10).
[0046] In the case of both polymeric and non-polymeric spherical particles (not perfect spheres) the diameter, ds, is
typically in the range of from 2.0-8.0 mm, more typically in the range of from 2.2-5.5 mm, and most typically from 2.4-5.0
mm.
[0047] In embodiments where the particles, whether polymeric or non-polymeric, are perfect spheres, the diameter,
dps, is typically in the range of from 2.0-8.0 mm, more typically from 3.0-7.0 mm, and most typically from 4.0-6.5 mm.
[0048] Polymeric particles may comprise either foamed or unfoamed polymeric materials. Furthermore, the polymeric
particles may comprise polymers which are either linear or crosslinked.
[0049] Preferred polymeric particles comprise polyalkenes such as polyethylene and polypropylene, polyamides, pol-
yesters or polyurethanes. Preferably, however, said polymeric particles comprise polyamide or polyester particles, most
particularly particles of nylon, polyethylene terephthalate or polybutylene terephthalate.
[0050] Optionally, copolymers of the above polymeric materials may be employed for the purposes of the invention.
Specifically, the properties of the polymeric materials may be tailored to individual requirements by the inclusion of
monomeric units which confer particular properties on the copolymer. Thus, the copolymers may be adapted to attract
moisture by comprising monomers which, inter alia, are hydrophilic through being ionically charged or including polar
moieties or unsaturated organic groups.
[0051] Non-polymeric particles may comprise particles of glass, silica, stone, wood, or any of a variety of metals or
ceramic materials. Suitable metals include, but are not limited to, zinc, titanium, chromium, manganese, iron, cobalt,
nickel, copper, tungsten, aluminium, tin and lead, and alloys thereof. Suitable ceramics include, but are not limited to,
alumina, zirconia, tungsten carbide, silicon carbide and silicon nitride. It is seen that non-polymeric particles made from
naturally occurring materials (e.g. stone) can have various shapes, depending on their propensity to cleave in different
ways during manufacture.
[0052] In further embodiments of the invention, said non-polymeric particles may comprise coated non-polymeric
particles. Most particularly, said non-polymeric particles may comprise a non-polymeric core material and a shell com-
prising a coating of a polymeric material. In a particular embodiment, said core may comprise a metal core, typically a
steel core, and said shell may comprise a polyamide coating, for example a coating of nylon.
[0053] In accordance with the present invention, the selection of specific particle type (polymeric and non-polymeric)
for a given drying operation is particularly significant in optimising fabric care. Thus, particle size, shape, mass and
material must all be considered carefully in respect of the particular substrate which is to be dried, so that particle selection
is dependent on the nature of the garments to be dried, i.e. whether they comprise cotton, polyester, polyamide, silk,
wool, or any of the other common textile fibres or blends which are commonly in use.
[0054] The generation of suitable G forces, in combination with the action of the solid particulate material, is a key
factor in achieving an appropriate level of mechanical action on the wet substrate. G is a function of the drum size and
the speed of rotation of the drum and, specifically, is the ratio of the centripetal force generated at the inner surface of
the drum to the static weight of the wet substrate. Thus, for a drum of inner radius r (m), rotating at R (rpm), with a load
of mass M (kg), and an instantaneous tangential velocity of the drum v (m/s), and taking g as the acceleration due to
gravity at 9.81 m/s2: 

When, as is usually the case, r is expressed in centimetres, rather than metres, then:

[0055] Hence, in a preferred embodiment of the invention, for a drum of radius 37 cm (diameter 74 cm) rotating at 48
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rpm, G = 0.95. Typically, for such a drum, optimum speeds of rotation are in the range of from 10 to 49 rpm.
[0056] Said drying process also comprises the introduction of either ambient or heated air into said drum. If said air
is heated, this is achieved by means of any commercially available air heater and circulated using a fan so as to achieve
a temperature of between 5° and 120°C, preferably between 10° and 90°C, most preferably between 20° and 80°C in
the apparatus. The temperature of ambient air is dependent on the surroundings in which the drying process is running,
but this can typically vary from 5-20°C.
[0057] It should be particularly noted that heating the air naturally results in heating of the particulate media in the
drying process. This heat then is retained by the particles on completion of a drying cycle and, hence, if the next drying
cycle occurs within the time taken for the particles to cool down, there will be a transfer of this retained heat to that
subsequent drying process. There is, therefore, an even greater level of drying efficiency achievable in the event that
multiple drying cycles are run consecutively. This is, of course, applicable to both the domestic and industrial laundry
sectors - but, most particularly, to the latter. Rapid turnaround of drying cycles and high load throughput are both key
factors in this kind of drying operation in an industrial scenario.
[0058] As a consequence of employing the method of the present invention, excellent drying performance may be
achieved whilst using reduced temperatures (i.e. lower energy consumption), without increasing drying times. Thus,
drying operations according to the invention are typically carried out at temperatures which are 20°C lower than with
prior art processes, whilst achieving equivalent drying performance for the same time of treatment.
[0059] During the cycle for capturing said solid particulate material, rotation of said rotatably mounted cylindrical drum
is typically caused to occur at rotation speeds such that G is <1 which, for a 98 cm diameter drum, requires a rotation
speed of up to 42 rpm, with preferred rates of rotation being between 30 and 40 rpm.

Brief Description of the Drawings

[0060] The invention will now be further illustrated by reference to the following drawings, wherein:

Figure 1 shows a schematic representation of a rotatably mounted cylindrical drum in an apparatus according to an
embodiment of the invention;

Figure 2 shows the design of a lifter functioning as part of capturing and transferring means in an apparatus according
to an embodiment of the invention;

Figure 3 shows an embodiment wherein the collection means is located at the rear of a rotatably mounted cylindrical
drum in an apparatus according to the invention;

Figure 4 illustrates an embodiment wherein the collection means is located adjacent an upper external surface of
a rotatably mounted cylindrical drum in an apparatus according to the invention;

Figure 5 shows the mode of operation of an embodiment of capturing and transferring means comprised in the
apparatus of the invention;

Figure 6 illustrates an embodiment wherein the collection means is located adjacent a lower external surface of a
rotatably mounted cylindrical drum in an apparatus according to the invention;

Figure 7 shows the mode of operation of a further embodiment of capturing and transferring means comprised in
the apparatus of the invention;

Figure 8 illustrates an embodiment wherein the collection means is located in the access means at the front of a
rotatably mounted cylindrical drum in an apparatus according to the invention;

Figure 9 illustrates a section of an access means which may be present in an apparatus according to an embodiment
of the invention;

Figure 10 shows the mode of operation of a further embodiment of capturing and transferring means comprised in
an apparatus according to the invention;

Figure 11 shows an embodiment of routing means comprised in capturing and transferring means of an apparatus
according to the invention;
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Figure 12 shows a further embodiment of routing means comprised in capturing and transferring means of an
apparatus according to the invention;

Figure 13 illustrates a further embodiment wherein the collection means is located adjacent a lower external surface
of a rotatably mounted cylindrical drum in the sump of an apparatus according to the invention; and

Figure 14 shows an embodiment of regulating means comprised in the apparatus according to the invention which
is illustrated in Figure 13.

Figure 15 is a diagrammatic representation of particles which are employed in the method of the invention.

Detailed Description of the Invention

[0061] In apparatus employed in the method of the invention, said access means typically comprises a hinged door
mounted in the casing, which may be opened to allow access to the inside of the cylindrical drum, and which may be
closed in order to provide a substantially sealed system. Typically, the door includes a window.
[0062] Said rotatably mounted cylindrical drum is typically mounted horizontally within said housing means. Conse-
quently, in said embodiments of the invention, said access means is located in the front of the apparatus, providing a
front-loading facility.
[0063] Rotation of said rotatably mounted cylindrical drum is effected by use of drive means, which typically comprises
electrical drive means, in the form of an electric motor. Operation of said drive means is effected by control means which
may be programmed by an operative.
[0064] Said rotatably mounted cylindrical drum is of the size which is to be found in most domestic or industrial tumble
dryers, and may have a capacity in the region of 50 to 7000 litres. A typical capacity for a domestic machine would be
in the region of 80 to 220 litres and, for an industrial machine, this range would typically be from 220 to 2000 litres.
[0065] Said at least one collection means typically comprises a container which acts as a receptacle for said solid
particulate material. Said container may optionally be located adjacent an outer surface of said rotatably mounted
cylindrical drum and may be positioned at any location on the circumference of said rotatably mounted cylindrical drum.
In alternative embodiments, said collection means may be located adjacent an end surface of said rotatably mounted
cylindrical drum. In said embodiments, said collection means may optionally be located adjacent the inner back surface
of said rotatably mounted cylindrical drum, remote from the access means; alternatively, said collection means may be
mounted externally to the front end of said rotatably mounted cylindrical drum.
[0066] In embodiments of the invention, wherein said collection means is located on the inner back end surface of
said rotatably mounted cylindrical drum, said collection means typically comprises a cylindrical container arranged about
the central axis of said drum and having a relatively large cross sectional area and small overall depth, such that the
arrangement does not significantly adversely impact the internal volume of the rotatably mounted cylindrical drum. In
said embodiments, in order that said collection means does not significantly adversely impact the internal volume of the
rotatably mounted cylindrical drum, said collection means may also comprise channels to allow said solid particulate
material to flow from said capturing and transferring means to said container. In embodiments of the invention wherein
said collection means is mounted externally to the front end of said rotatably mounted cylindrical drum, said collection
means may conveniently be comprised in the access means.
[0067] Said capturing and transferring means is adapted to facilitate capture of said solid particulate material in said
rotatably mounted cylindrical drum and transfer of said material to said at least one collection means, Said capturing
and transferring means comprises at least one receptacle comprising a first flow path facilitating ingress of solid particulate
material from said rotatably mounted cylindrical drum and a second flow path facilitating transfer of said solid particulate
material to said collection means.
[0068] Said capturing and transferring means comprises one or a plurality of compartments which are located on at
least one inner surface of said rotatably mounted cylindrical drum. Typically, said capturing and transferring means
comprises a plurality of compartments located, typically at equidistant intervals, on the inner circumferential surface of
said rotatably mounted cylindrical drum and, in said embodiments, said plurality of compartments thereby additionally
functions as a plurality of lifters.
[0069] Thus, in said embodiments, said lifters are adapted so as to capture said solid particulate material and to
facilitate controlled transfer of solid particulate material between said lifter/capturing/transferring means and said at least
one collection means. Most typically, said apparatus comprises a capturing compartment of essentially equal length to
said lifter, and adapted so as to provide a first flow path from the compartment through an aperture in said lifter to the
inside of said drum and a second flow path through the circumferential surface of said drum to said collection means.
[0070] Typically, said first flow path comprises a first aperture allowing ingress of solid particulate material into said
capturing compartment and said second flow path comprises a second aperture allowing transfer of said solid particulate
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material to said at least one collection means. The dimensions of the apertures are selected in line with the dimensions
of the solid particulate material, so as to allow efficient ingress and transfer thereof.
[0071] Said capturing and transferring means is typically adapted such that ingress of solid particulate material may
be controlled by the direction of rotation of said rotatably mounted cylindrical drum. Thus, in embodiments of the invention
wherein said capturing and transferring means comprises at least one compartment comprising a flow path facilitating
ingress of solid particulate material and transfer of said solid particulate material to said collection means, said ingress
is dependent on said direction of rotation; subsequent transfer of said solid particulate material to said collection means
is optionally controlled by said regulating means.
[0072] Typically, said capturing and transferring means comprises routing means, adapted to direct the transference
of said solid particulate material along said second flow path to said collection means.
[0073] Said second flow path may optionally comprise at least one orifice in the side wall of said rotatably mounted
cylindrical drum having a diameter which allows said solid particulate material to transfer to said collection means. In
certain embodiments of the invention, said second flow path may comprise regulating means.
[0074] Said routing means may comprise any suitable means for causing said solid particulate material to be transferred
from said capturing and transferring means to said collection means. Thus, for example, in certain embodiments of the
invention, said routing means may comprise a directionally inclined member which causes said solid particulate matter
to be moved in a particular direction. A simple example would be an inclined surface along which the material is trans-
ported.
[0075] Thus, in embodiments of the invention wherein said capturing and transferring means comprises lifters spaced
on the inner circumferential walls of the rotatably mounted cylindrical drum, said lifters may conveniently comprise a
sloping surface. In embodiments of the invention wherein the second flow path by which the solid particulate material
is transferred to the collection means, together with any optional regulating means, is located at the rear of the drum,
said sloping surface may be inclined from front to rear of the rotatably mounted cylindrical drum, thereby causing said
solid particulate material to be directed to the rear of the drum. Alternatively, in those embodiments wherein the second
flow path, and any optional regulating means, is located at the front of the drum, said lifters may comprise a sloping
surface which is inclined from rear to front of the rotatably mounted cylindrical drum, thereby causing said solid particulate
material to be directed to the front of the drum; such an arrangement is also applicable to embodiments wherein the
collection means is itself located at the front of the drum, for example in the access means.
[0076] In alternative embodiments of the invention, wherein said capturing and transferring means is comprised in the
lifters said lifters may comprise routing means comprising a plurality of compartments each of which comprises a plurality
of opposed offset chambers, arranged along each side of the inner walls of the lifters, preferably such that, in operation,
rotation of the drum causes solid particulate material to be transferred from one side of the lifter to the other into a
chamber which is partly offset from an opposite chamber, such that said material is caused to be transported along the
length of the lifter.
[0077] In further alternative embodiments of the invention, said capturing and transferring means may comprise routing
means comprising an Archimedian screw which is typically adapted so as to transport said solid particulate material
along the length of the capturing and transferring means. Such an arrangement is again particularly suitable for application
in embodiments of the invention wherein said capturing and transferring means is comprised in lifters.
[0078] Yet further embodiments of the invention envisage an arrangement wherein said capturing and transferring
means comprises an inner cylindrical drum skin, which is located within, and concentric with, said rotatably mounted
cylindrical drum. In said embodiments, which are particularly suitable for industrial dryers, said inner cylindrical drum
skin comprises perforations having a diameter such that egress of said solid particulate material may occur into the
space between the outer surface of said inner cylindrical drum skin and the inner surface of said rotatably mounted
cylindrical drum. Additionally, in said embodiments, the outer surface of said inner cylindrical drum skin comprises routing
means in the form of an Archimedian spiral, adapted so as to transport said solid particulate material in the space
between the outer surface of said inner cylindrical drum skin and the inner surface of said rotatably mounted cylindrical
drum to the collection means.
[0079] In certain embodiments of the invention, said capturing and transferring means comprises regulating means,
adapted to control the transfer of said solid particulate material to said collection means.
[0080] Said regulating means is located in said second flow path and is adapted to control the flow of solid particulate
material to the collection means. Said regulating means may conveniently be provided in the form of an openable door
or flap, typically which is adapted to release said solid particulate material into said collection means.
[0081] In embodiments of the invention, said door or flap may be caused to open and release said solid particulate
cleaning material into said storage means by actuating means which may comprise mechanical means, electrical means
or magnetic means. Thus, for example, said door or flap may incorporate a protrusion which interacts with said storage
means during the course of rotation of the rotatably mounted cylindrical drum to cause the door or flap to open. Typically
in such cases, said door or flap would comprise, for example, spring loading to hold the door in the closed position, until
the protrusion abuts the storage means and the consequent interaction provides a force to act against the action of the
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spring, thereby causing the door to open. Once the interaction of the protrusion with the storage means ceases, as
rotation of the drum continues, the force is removed and the door or flap returns to the closed position.
[0082] In further embodiments of the invention, said regulating means may be provided in the form of a revolving door
which is typically adapted to release said solid particulate material into said collection means. In said embodiments, said
door typically comprises two intersecting rigid members in the form of a cross incorporating a pin or other suitable
member, inserted along the plane of intersection of the rigid members, and about which rotation of the door may occur.
Said door is typically mounted in the surface of the rotatably mounted cylindrical drum and is caused to open and close
by said actuating means which may optionally, for example, comprise mechanical means involving interaction with the
collection means, located externally of the drum, during rotation of said drum, thereby causing said solid particulate
material to be released from said drum and transferred to said collection means. In certain embodiments the regulating
means comprises a repository wherein said solid particulate material may collect.
[0083] As previously stated, the invention also envisages embodiments wherein said solid particulate material is able
to be transferred directly to said collection means without the requirement for regulating means. Such an embodiment
is particularly suitable for embodiments of the invention wherein said capturing and transferring means includes routing
means comprising an inclined surface along which said material is transported.
[0084] In operation, said apparatus is used for the drying of substrates and provides for optional continuous recirculation
of the solid particulate material until completion of the drying process, after which the particles comprised in the solid
particulate material may be separated and collected in the collection means for re-use in subsequent procedures.
[0085] In alternative applications, however, the solid particulate material may be harvested and utilised in washing
machines for cleaning operations which rely on the use of solid particulate material and such an approach is particularly
relevant in the domestic machine market. In such applications, the solid particulate material is introduced into the dryer
with the wet substrates and, on completion of the drying process, the apparatus is used to collect solid particulate material
carried over with the wet substrate from the cleaning operation in the collection means, from where it may be harvested.
The collection means is physically detachable from the apparatus of the invention, allowing for simple and convenient
harvesting of the solid particulate material by removal from the collection means, and its recycling into the matched pair
washing machine, or other washing machine, for subsequent cleaning operations.
[0086] Said rotatably mounted cylindrical drum is typically located within a first upper chamber of said housing means
and beneath said first upper chamber is located a second lower chamber which may optionally comprise said collection
means.
[0087] Said housing means is optionally connected to standard plumbing features, thereby providing recirculation
means for returning said solid particulate material from said collection means, and delivery means, by virtue of which
said solid particulate material may be returned to said cylindrical drum.
[0088] In operation according to the method of the second aspect of the invention, agitation is provided by rotation of
said rotatably mounted cylindrical drum and by the introduction of heated air. Thus, said apparatus additionally comprises
means for circulating air within said housing means, and for adjusting the temperature therein. Said means may typically
include, for example, a recirculating fan and an air heater. Additionally, sensing means may also be provided for deter-
mining the temperature and humidity levels within the apparatus, and for communicating this information to the control
means.
[0089] As stated above, said apparatus may optionally comprise recirculation means, thereby facilitating optional
recirculation of said solid particulate material from said lower chamber to said rotatably mounted cylindrical drum, for
re-use in drying operations. Preferably, said recirculation means comprises ducting connecting said second chamber
and said rotatably mounted cylindrical drum. More preferably, said ducting comprises control means, adapted to control
entry of said solid particulate material into said cylindrical drum. Typically, said control means comprises a valve located
in feeder means, preferably in the form of a feed tube attached to the apex of a receptor vessel located above, and
connected to the interior of, said cylindrical drum.
[0090] Recirculation of solid particulate matter from said lower chamber to said rotatably mounted cylindrical drum
may be achieved by the use of pumping means comprised in said recirculation means, wherein said pumping means
are adapted to deliver said solid particulate matter to said control means, adapted to control the re-entry of said solid
particulate matter into said rotatably mounted cylindrical drum. Said pumping means may typically be driven mechanically
or pneumatically and may, for example, comprise a vacuum pumping system.
[0091] In operation, during a typical cycle according to the method of the second aspect of the invention, cleaned
garments containing residual moisture are first placed into said rotatably mounted cylindrical drum. The cylindrical drum
is caused to rotate and ambient or heated air is introduced into the drum before the solid particulate material is added.
During the course of agitation by rotation of the drum, water is caused to be removed from the garments by evaporation
and a quantity of the solid particulate material may be captured by the capturing and transferring means and thence
transferred to the collection means. On completion of the drying cycle, the solid particulate material is completely removed
from the dried garments and transferred to the collection means.
[0092] In embodiments of the invention where said apparatus comprised recirculation means, said solid particulate
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material may optionally be recirculated via the recirculation means such that it is returned, in a manner controlled by
said control means, to the cylindrical drum during the drying operation. In said embodiments, this process of continuous
circulation of the solid particulate material occurs throughout the drying operation until drying is completed.
[0093] On completion of the cycle any optional feeding of solid particulate material into the rotatably mounted cylindrical
drum ceases, but rotation of the drum continues so as to allow for removal of the solid particulate material by capture,
transfer and collection in the collection means. Air heating and re-circulation may also be stopped at this point. After
separation, the solid particulate material is recovered in order to allow for re-use in subsequent operations. Said separation
of particulate material removes >99% of these particles, and typically removal rates approach, or actually reach, 100%.
[0094] Generally, any remaining solid particulate material on said at least one substrate may be easily removed by
shaking the at least one substrate. If necessary, however, further remaining solid particulate material may be removed
by suction means, preferably comprising a vacuum wand.
[0095] The method of the invention may be applied to the drying of any of a wide range of substrates including, for
example, plastics materials, leather, metal or wood. In practice, however, said method is principally applied to the drying
of wet substrates comprising textile fibres and fabrics, and has been shown to be particularly successful in achieving
efficient drying of textile fabrics which may, for example, comprise either natural fibres, such as cotton, or man-made
and synthetic textile fibres, for example nylon 6,6, polyester, cellulose acetate, or fibre blends thereof.
[0096] Most preferably, the solid particulate material comprises a multiplicity of particles which may be polymeric, non-
polymeric, or mixtures thereof. Typical polymeric particles may comprise polyamide or polyester particles, most partic-
ularly particles of nylon, polyethylene terephthalate or polybutylene terephthalate, or copolymers thereof, most preferably
in the form of beads, which may be solid or hollow in their structure. The polymers may be foamed or unfoamed, and
may be linear or crosslinked. Various nylon or polyester homo- or co-polymers may be used including, but not limited
to, Nylon 6, Nylon 6,6, polyethylene terephthalate and polybutylene terephthalate. Preferably, the nylon comprises Nylon
6,6 polymer, preferably having a molecular weight in the region of from 5000 to 30000 Daltons, more preferably from
10000 to 20000 Daltons, most preferably from 15000 to 16000 Daltons. The polyester will typically have a molecular
weight corresponding to an intrinsic viscosity measurement in the range of from 0.3-1.5 dl/g as measured by a solution
technique such as ASTM D-4603.
[0097] Suitable non-polymeric particles may comprise particles of glass, silica, stone, wood, or any of a variety of
metals or ceramic materials. Suitable metals include, but are not limited to, zinc, titanium, chromium, manganese, iron,
cobalt, nickel, copper, tungsten, aluminium, tin and lead, and alloys thereof. Suitable ceramics include, but are not limited
to, alumina, zirconia, tungsten carbide, silicon carbide and silicon nitride. It is seen that non-polymeric particles made
from naturally occurring materials (e.g. stone) can have various shapes, depending on their propensity to cleave in
different ways during manufacture.
[0098] Said solid particulate cleaning material may be comprised entirely of polymeric particles or entirely of non-
polymeric particles, or may comprise mixtures of both types of particles. In embodiments of the invention wherein said
solid particulate cleaning material comprises both polymeric particles and non-polymeric particles, the ratio of polymeric
particles to non-polymeric particles may be anywhere from 99.9%:0.1% to 0.1%:99.9% w/w. Certain embodiments
envisage ratios of from 95.0%:5.0% to 5.0%:95.0% w/w, or from 80.0%:20.0% to 20.0%:80.0% w/w, of polymeric particles
to non-polymeric particles.
[0099] The ratio of solid particulate material to substrate is generally in the range of from 0.1:1 to 10:1 w/w, preferably
in the region of from 1.0:1 to 7:1 w/w, with particularly favourable results being achieved using polymeric particles at a
ratio of between 3:1 and 5:1 w/w, and especially at around 4:1 w/w. Thus, for example, for the drying of 5 g of fabric, 20
g of polymeric particles would be employed in one embodiment of the invention. The ratio of solid particulate material
to substrate is maintained at a substantially constant level throughout the drying cycle.
[0100] The method of the present invention may be used for either small or large scale batchwise processes and finds
application in both domestic and industrial drying processes. By small scale in this context is typically meant less than
or equal to 220 drying cycles per year, whilst large scale typically means more than 220 drying cycles per year.
[0101] As previously noted, the method of the invention finds particular application in the drying of textile fabrics. The
conditions employed in such a system do, however, allow the use of significantly reduced temperatures from those which
typically apply to the conventional tumble drying of textile fabrics and, as a consequence, offer significant environmental
and economic benefits. Thus, typical procedures and conditions for the drying cycle require that fabrics are generally
treated according to the method of the invention at, for example, temperatures of between 20 and 80°C, typically for a
duration of between 5 and 55 minutes. Thereafter, additional time is required for the completion of the particle separation
stage of the overall process, so that the total duration of the entire cycle is typically in the region of 1 hour.
[0102] The results obtained are very much in line with those observed when carrying out conventional tumble drying
procedures with textile fabrics. The extent of water removal achieved with fabrics treated by the method of the invention
is seen to be very good. The temperature requirement is significantly lower than the levels associated with the use of
conventional tumble drying procedures, again offering significant advantages in terms of cost and environmental benefits.
[0103] The method of the invention also shows benefits in terms of reducing drying-related fabric damage. As previously
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observed, fabric creasing readily occurs in conventional tumble drying, and this acts to concentrate the stresses from
the mechanical action of the drying process at each crease, resulting in localised fabric damage. Prevention of such
fabric damage (or fabric care) is of primary concern to the domestic consumer and industrial user. The addition of particles
according to the method of the invention effectively reduces creasing in the process by acting as a pinning layer on the
fabric surface in order to help prevent the folding action. The particles also inhibit interaction between separate pieces
of fabric in the drying process by acting as a separation or spacing layer, thereby reducing entanglement which is another
major cause of localised fabric damage. In the presently disclosed method, mechanical action is still present but, critically,
this is much more uniformly distributed as a result of the action of the particles. It is the localised aspect of the damage
that determines the lifetime of a garment under multiple drying processes.
[0104] Thus, the method of the present invention provides for enhanced performance in comparison with the methods
of the prior art under equivalent energy conditions; alternatively, equivalent drying performance may be achieved at
lower levels of energy, together with reduced fabric damage.
[0105] The rate of exit of the solid particulate material from the rotatably mounted cylindrical drum is affected by the
speed of rotation of said drum, with higher rotation speeds increasing the G force, although at G > 1 the fabric adheres
to the sides of the drum and prevents exit of the particulate material. Hence, slower rotational speeds have been found
to provide optimum results in this regard, as they allow the particles to fall from the fabric and be captured by the capturing
and transferring means as the fabric opens out more during tumbling. Rotational speeds resulting in a G force of < 1
are therefore required (< 42 rpm in a 98 cm diameter drum, for example). The G force (or rotational speed) is also
controlled so as to maximise the beneficial effect of the mechanical action of the particulate material on the substrate,
and the most suitable G is generally found to be in the region of 0.9 G (e.g. 40 rpm in a 98 cm diameter drum).
[0106] On completion of the drying cycle, the rotation G and rotational speed are maintained at the same values of <
1 and low or lower (20) rpm as in the drying cycle in order to effect complete removal of particulate material; this removal
of particles generally takes around 5-20 minutes, with the drying cycle in a typical operation typically taking 40-55 minutes,
giving a total overall cycle time in the region of 1 hour.
[0107] The method of the invention has been shown to be successful in the removal of particulate material from the
dried substrate after processing and tests with cylindrical polyester particles, and nylon particles comprising either Nylon
6 or Nylon 6,6 polymer, have indicated particle removal efficacy such that on average < 5 particles per garment remain
in the load at the end of the particle separation cycle. Generally, this can be further reduced to an average of < 2 particles
per garment and, in optimised cases wherein a 20 minute separation cycle is employed, complete removal of particles
is typically achieved.
[0108] Additionally, it has been demonstrated that re-utilisation of the particles in the manner described operates well,
so that particles can be satisfactorily re-used in subsequent drying procedures. Indeed re-utilisation in further drying
procedures offers further advantages in terms of energy efficiency, as heating the air naturally results in heating of the
particulate media in the drying process. This heat then is retained by the particles on completion of a drying cycle and,
hence, if the next drying cycle occurs within the time taken for the particles to cool down, there will be a transfer of this
retained heat to that subsequent drying process. There is, therefore, an even greater level of drying efficiency achievable
in the event that multiple drying cycles are run consecutively. This is, of course, applicable to both the domestic and
industrial laundry sectors - but, most particularly, to the latter. Rapid turnaround of drying cycles and high load throughput
are both key factors in this kind of drying operation in an industrial scenario. The invention also envisages the collection
of solid particulate material introduced into the dryer with a wet substrate from a suitable washing machine, which may
then be re-utilised in subsequent cleaning operations, as previously described.
[0109] The method of the invention is believed to comprise the mechanical action of the particles against a cloth so
as to liberate the moisture trapped between fibres, and the pick up of this moisture on the particle surface, wherein rapid
evaporation occurs of the thin film of water which is formed. Certain polymeric particles also have the ability to absorb
moisture to a larger extent (Nylon 6 and Nylon 6,6 being examples). It may be the case, therefore, that some such
absorption is also contributing to the drying mechanism.
[0110] Referring now to the Figures, there is seen in Figure 1 an apparatus according to the invention comprising
housing means (1) in which is located a rotatably mounted cylindrical drum in the form of drum (2) wherein the apparatus
comprises capturing and transferring means in the form of lifters (3).
[0111] A close up view of the capturing action of a lifter (3) is shown in Figure 2 wherein solid particulate material (4)
enters the lifter via a first flow path (5).
[0112] Figure 3 shows an embodiment of the invention wherein the collection means is located on the inner back end
surface of the rotatably mounted cylindrical drum and comprises a cylindrical container (6) arranged about the central
axis of the drum (2) and channels (7) which allow solid particulate material to flow from lifters (3) to the container. Rotation
of the drum is controlled by motor (8).
[0113] Referring now to Figure 4, there is shown an apparatus according to the invention comprising housing means
(1) having mounted therein a rotatably mounted cylindrical drum (2) and drive motor (8) located beneath said cylindrical
drum. The apparatus additionally comprises capturing and transferring means comprising lifters (3) having regulating
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means in the form of doors (9) in a second flow path through which solid particulate material is able to enter the collection
means. The collection means comprises container (10) which is located above an upper circumferential face of the drum.
[0114] Turning to Figure 5, there is seen an illustration of the means for release of the solid particulate material from
the capturing compartment of a lifter (3) into container (10) for an apparatus as shown in Figure 4. Thus, in step 1, it is
seen that door (9) comprises a U-shaped member in which solid particulate material (4) accumulates. Then, in step 2,
as the drum (2) rotates, protrusion (11) on the regulating means interacts with the surface of the container (10), causing
the solid particulate material (4) to be deposited in the storage means. Finally, in step 3, as rotation of drum (2) continues,
the regulating means in the form of door (9) returns to the closed position.
[0115] Considering Figure 6, there is seen an apparatus according to the invention comprising housing means (1)
having mounted therein a rotatably mounted cylindrical drum (2) and drive motor (8) located beneath said cylindrical
drum. The apparatus additionally comprises capturing and transferring means comprising lifters (3) having regulating
means in the form of doors (12) (c.f. doors (9) in Figures 4 and 5) in a second flow path through which solid particulate
material is able to enter the collection means. The collection means comprises container (10) which is located below a
lower circumferential face of the drum.
[0116] In Figure 7, there is provided an illustration of an embodiment of the means for release of the solid particulate
material from the capturing compartment of a lifter (3) into container (10) for an apparatus as shown in Figure 6. Thus,
in step 1, it is seen that the regulating means in the form of door (12) causes solid particulate material (4) to be held
within the collecting compartment of lifter (3) until, in step 2, the door (12) is caused to open by the action of protrusion
(13) (c.f. protrusion (11) in Figure 5) against container (10) during rotation of the drum (2) thereby allowing the solid
particulate material (4) to fall into container (10). Finally, in step 3, as rotation of the drum continues, the door (12) returns
to the closed position.
[0117] Turning now to Figure 8, there is shown an illustration of an apparatus according to the invention comprising
a housing means (1) and a rotatably mounted cylindrical drum (2) including capturing and transferring means comprising
lifters (3) wherein it can be seen that the lifters comprise sloping surfaces (14) which are inclined from rear to front of
the rotatably mounted cylindrical drum, thereby causing solid particulate material to be directed to the front of the drum
wherein the collection means comprises container (10) which is located in the access means in the form of door (15).
[0118] Figure 9 illustrates a section of an access means comprising an inner surface (16) of a door which includes an
orifice (17) which allows for passage of the solid particulate material to a container (not shown).
[0119] In Figure 10 there is seen a flow path for solid particulate material (4) in an embodiment of the invention such
as is shown in Figure 8, wherein the lifters comprise sloping surfaces (14) which are inclined from rear to front of a
rotatably mounted cylindrical drum (2), thereby causing the solid particulate material to be directed to the front of the
drum via member (18) to container (10) which is located in the door (15).
[0120] Figure 11 shows an embodiment of capturing and transferring means comprising an Archimedian screw (19)
located in a lifter (3).
[0121] Referring now to Figure 12 there is provided an exploded view of an embodiment of capturing and transferring
means comprised in a lifter (3) which comprises a compartment which comprises a plurality of opposed offset chambers
(20), arranged along each side of the inner walls of the lifters.
[0122] Turning now to Figure 13, there is illustrates an embodiment of the invention comprising housing means (1) in
which is located a rotatably mounted cylindrical drum (2) having lifters (3) and collection means comprising container
(10) situated adjacent a lower external surface of the drum (2) in the bottom of the apparatus. The apparatus comprises
regulating means in the form of revolving doors (21) to control the flow of solid particulate material from lifters (3) to
container (10).
[0123] Referring to Figure 14, there is seen a close-up view of the regulating means of Figure 13 comprising revolving
door (21) mounted on pin (22) at the base of lifter (3) to control the flow of solid particulate material from drum (2) to
container (10).
[0124] Turning finally to Figure 15, there is provided a diagrammatic representation of different cylindrical and spherical
particles which may be utilised in the method of the invention.
[0125] The invention will now be further illustrated, though without in any way limiting the scope thereof, by reference
to the following examples.

1. Examples

1.1 Comparative Examples

[0126] Bead separation experiments were conducted using a set of Comparative Examples (see Table 1). The Com-
parative Examples evaluated the number of beads remaining in the washload after a wash cycle in the preferred cleaning
apparatus in the form of a washer as described in WO-A-2011/098815, hereinafter the Xeros US washer. Experiments
were conducted using a 6 kg washload in accordance with British Standard EN 60456 as well as an internally defined
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6 kg and 4 kg ’real world’ load. The ’real world’ load was made up of 50 wt% ballast in accordance with British Standard
EN 60456 and 50% of trousers and shirts with pockets.

[0127] Experiments which evaluated the amount of beads remaining in the washload at the end of the wash cycle
were run on the Xeros US washer using the Eco cold cycle (which uses approximately 31.5 L of water at a temperature
of 20°C). At the end of the wash cycle the washload was removed, and the beads were separated from the garments
and weighed. The results obtained from these Comparative Examples were as set out in Table 2.

1.2 Examples

[0128] Examples which quantified the amount of beads remaining in the washload at the end of the washing and drying
cycle were performed by the following steps:

(i) using the Xeros US washer; and then

(ii) using the apparatus according to the present invention, hereinafter the Xeros US dryer which is a prototype
apparatus.

[0129] Elaborating on these two steps further, step (i) was performed in exactly the same way as the Comparative
Examples in section 1.1, the washload was run using an Eco cold cycle on the Xeros US washer. In step (ii) the washload
was emptied into a wash basket, and transferred from the wash basket into the Xeros US dryer. The Xeros US dryer
then ran a 2 hour drying cycle (the duration of this cycle is similar to the time taken by a conventional dryer to dry a 6
kg load). In this particular example the cycle in step (ii) was limited to tumbling of the washload in the drum, as the Xeros
US dryer did not have the functionality to heat and blow air through the drum. At the end of this tumbling cycle the
washload was removed, and any beads were separated from the garments and weighed. The results obtained from
these Examples were as set out in Table 3.

2. Results

[0130] As can be seen from Table 2, removal of the beads in the Xeros US washer was better when the washload
was made up of flat garments, as used in the 6 kg British Standard ballast tests. When this Comparative Example was
repeated with the Real World load, the removal performance was reduced, as beads tended to collect in the garment
pockets and the arms/legs of the shirts/trousers. However, when the Real World load was reduced to 4 kg, and the

TABLE 1

Test # Washload (kg) Pillowcases Towels Shirts Trousers Wash Cycle

6 kg BS Ballast 6 11 33 0 0 Eco cold

6 kg Real World Load 6 5 20 7 4 Eco cold

4 kg Real World Load 4 5 9 5 3 Eco cold

TABLE 2

Test # Beads remaining in washload after wash cycle (g) Wash Cycle time (min)

6kg BS Ballast 0-1g 63

6kg Real World Load 10-30g 63

4kg Real World Load 0g 63

TABLE 3

Test # Beads remaining in washload after drying cycle (g) Drying Cycle time (min)

6 kq BS Ballast 0 120

6 kg Real World Load 0 120

4 kg Real World Load 0 120
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effective free space in the drum was greater, all of the beads were removed after the wash cycle.
[0131] As can be seen from the Examples in Table 3, there were 0 g of beads left in the dryer after 2 hours for all
types of washload. This showed that the Xeros US dryer (the apparatus according to the present invention) provided
even further improvements in bead separation from the garments. Importantly, the dryer provided a means to remove
the beads even from challenging "real world" wash loads at higher loading levels (6 kg).
[0132] Throughout the description and claims of this specification, the words "comprise" and "contain" and variations
of them mean "including but not limited to", and they are not intended to (and do not) exclude other moieties, additives,
components, integers or steps. Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particular, where the indefinite article is used, the specification is to
be understood as contemplating plurality as well as singularity, unless the context requires otherwise.

Claims

1. An apparatus for use in the drying of substrates using a solid particulate material (4), said apparatus comprising:

(a) housing means (1) having mounted therein a rotatably mounted cylindrical drum (2);
(b) access means; and
(c) at least one collection means,

wherein said rotatably mounted cylindrical drum (2) additionally comprises capturing and transferring means, adapted
to facilitate collection of said solid particulate material (4) and transfer of said material (4) to said at least one collection
means, wherein said capturing and transferring means comprises one or a plurality of compartments, characterised
in that said collection means is physically detachable from the apparatus.

2. An apparatus as claimed in claim 1 wherein said rotatably mounted cylindrical drum (2) comprises solid side walls
including no perforations such that, in operation, ingress and egress of any materials from the interior of drum (2)
is only possible via said capturing and transferring means to said at least one collection means.

3. An apparatus as claimed in claim 1 wherein said rotatably mounted drum (2) comprises perforated side walls wherein
said perforations comprise holes having a diameter less than that of the particles of the solid particulate material (4)

4. An apparatus as claimed in claim 1 or 3 wherein said rotatably mounted cylindrical drum (2) comprises perforated
side walls, wherein said perforations comprise holes having a diameter of no greater than 3.0 mm.

5. An apparatus as claimed in any preceding claim wherein said capturing and transferring means comprises at least
one receptacle comprising a first flow path (5) facilitating ingress of solid particulate material (4) from said rotatably
mounted cylindrical drum (2) and a second flow path facilitating transfer of said solid particulate material (4) to said
collection means and optionally wherein said second flow path comprises at least one orifice (17) in the side wall
of said rotatably mounted cylindrical drum (2), said at least one orifice (17) having a diameter which allows said
solid particulate material (4) to transfer to said collection means.

6. An apparatus as claimed in claim 5 wherein said capturing and transferring means comprises regulating means,
located in said second flow path and adapted to control the transfer of said solid particulate material (4) to said
collection means.

7. An apparatus as claimed in claim 6 wherein said regulating means comprises an openable door (9, 12) or flap and
optionally said regulating means comprises at least one of a revolving door (20) and a repository wherein said solid
particulate material (4) may collect.

8. An apparatus as claimed in claim 6 or 7 wherein said regulating means is caused to open and close by actuating
means comprising at least one of mechanical means, electrical means and magnetic means.

9. An apparatus as claimed in claim 1 wherein said compartment or plurality of compartments is located on at least
one inner surface of said rotatably mounted cylindrical drum (2).

10. An apparatus as claimed in claim 1 or 9 wherein a plurality of compartments is located at equidistant intervals on
the inner circumferential surface of said rotatably mounted cylindrical drum (2).
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11. An apparatus as claimed in any preceding claim wherein said capturing and transferring means is adapted such
that ingress of solid particulate material (4) and transfer of said solid particulate material (4) to said collection means
is controlled by the direction of rotation of said rotatably mounted cylindrical drum (2).

12. An apparatus as claimed in any preceding claim wherein said capturing and transferring means is comprised in
spaced apart lifters (3) affixed to the inner surface of said rotatably mounted cylindrical drum (2).

13. An apparatus as claimed in any preceding claim wherein said capturing and transferring means comprises routing
means, adapted to direct the transference of said solid particulate material (4) to said collection means.

14. An apparatus as claimed in claim 13 wherein said routing means comprises a directionally inclined member which
causes said solid particulate matter to be moved in a particular direction.

15. An apparatus as claimed in claim 13 wherein said capturing and transferring means is comprised in lifters (3) and
said routing means comprises a plurality of compartments each of which comprises a plurality of opposed offset
chambers (20), arranged along each side of the inner walls of the lifters (3).

16. An apparatus as claimed in claim 13 wherein said routing means comprises an Archimedian screw (19).

17. An apparatus as claimed in claim 13 wherein said capturing and transferring means comprises an inner cylindrical
drum skin located within, and concentric with, said rotatably mounted cylindrical drum, said inner cylindrical drum
skin comprises perforations having a diameter no greater than 3.0 mm, and the outer surface of said inner cylindrical
drum skin comprises routing means comprising an Archimedian spiral.

18. An apparatus as claimed in any preceding claim wherein said collection means comprises a container (10) which
is located adjacent an end surface of said rotatably mounted cylindrical drum (2) and preferably wherein said
collection means is located adjacent the front end surface of said rotatably mounted cylindrical drum (2) and is
comprised in said access means.

19. An apparatus as claimed in any preceding claim which comprises at least one recirculation means which facilitates
recirculation of said solid particulate material (4) from said collection means to said rotatably mounted cylindrical
drum (2) for re-use in drying operations.

20. A method for the drying of a wet substrate, said method comprising treating the substrate with a solid particulate
material (4) at ambient or elevated temperature, said treatment being carried out in an apparatus according to any
one of claims 1 to 19 and optionally wherein said at least one wet substrate comprises at least one textile fibre garment.

21. A method as claimed in claim 20 which comprises the steps of:

(a) introducing at least one wet substrate into said rotatably mounted cylindrical drum (2) via access means;
(b) closing the access means so as to provide a substantially sealed system;
(c) introducing solid particulate material (4) into said rotatably mounted cylindrical drum (2);
(d) operating the apparatus for a drying cycle, wherein said rotatably mounted cylindrical drum (2) is caused to
rotate and said solid particulate material (4) is optionally recirculated through the apparatus until drying is
completed;
(e) causing said rotatably mounted cylindrical drum (2) to rotate so as to cause solid particulate material (4) to
be captured by said capturing and transferring means and thereby transferred to said collection means; and (f)
ceasing rotation of said rotatably mounted cylindrical drum (2).

Patentansprüche

1. Vorrichtung zur Verwendung bei der Trocknung von Substraten unter Verwendung eines festen teilchenförmigen
Materials (4), wobei die Vorrichtung Folgendes umfasst:

(a) ein Gehäusemittel (1), in dem eine drehbar gelagerte zylindrische Trommel (2) angebracht ist;
(b) ein Zugangsmittel; und
(c) mindestens ein Sammelmittel,
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wobei die drehbar gelagerte zylindrische Trommel (2) zusätzlich ein Erfassungs- und Überführungsmittel umfasst,
das zur Erleichterung des Sammelns des festen teilchenförmigen Materials (4) und zur Überführung des Materials
(4) zu dem mindestens einen Sammelmittel ausgelegt ist, wobei das Erfassungs- und Überführungsmittel eine oder
eine Vielzahl von Kammern umfasst, dadurch gekennzeichnet, dass das Sammelmittel physisch von der Vorrich-
tung gelöst werden kann.

2. Vorrichtung nach Anspruch 1, wobei die drehbar gelagerte zylindrische Trommel (2) feste Seitenwände ohne Per-
forationen umfasst, so dass im Betrieb Eindringen und Austreten von Material aus dem Inneren der Trommel (2)
nur über das Erfassungs- und Überführungsmittel zu dem mindestens einen Sammelmittel möglich sind.

3. Vorrichtung nach Anspruch 1, wobei die drehbar gelagerte Trommel (2) perforierte Seitenwände umfasst, wobei
die Perforationen Löcher mit einem Durchmesser, der kleiner als der Durchmesser der Teilchen des festen teil-
chenförmigen Materials (4) ist, umfassen.

4. Vorrichtung nach Anspruch 1 oder 3, wobei die drehbar gelagerte zylindrische Trommel (2) perforierte Seitenwände
umfasst, wobei die Perforationen Löcher mit einem Durchmesser von höchstens 3,0 mm umfassen.

5. Vorrichtung nach einem der vorhergehenden Ansprüche, wobei das Erfassungs- und Überführungsmittel mindestens
einen Behälter umfasst, der einen ersten Strömungsweg (5), der Eindringen von festem teilchenförmigem Material
(4) aus der drehbar gelagerten zylindrischen Trommel (2) erleichtert, und einen zweiten Strömungsweg umfasst,
der die Überführung von festem teilchenförmigem Material (4) zum Sammelmittel erleichtert, und wobei fakultativ
der zweite Strömungsweg mindestens eine Öffnung (17) in der Seitenwand der drehbar gelagerten zylindrischen
Trommel (2) umfasst, wobei die mindestens eine Öffnung (17) einen Durchmesser aufweist, der die Überführung
des festen teilchenförmigen Materials (4) zum Sammelmittel gestattet.

6. Vorrichtung nach Anspruch 5, wobei das Erfassungs- und Überführungsmittel ein Regelmittel umfasst, das im
zweiten Strömungsweg angeordnet ist und zur Steuerung der Überführung des festen teilchenförmigen Materials
(4) zum Sammelmittel ausgelegt ist.

7. Vorrichtung nach Anspruch 6, wobei das Regelmittel eine zu öffnende Tür (9, 12) oder Klappe umfasst und wobei
das Regelmittel fakultativ mindestens eines von einer Drehtür (20) und einem Lagerraum umfasst, in dem sich das
feste teilchenförmige Material (4) sammeln kann.

8. Vorrichtung nach Anspruch 6 oder 7, wobei das Regelmittel von einem Betätigungsmittel, das mindestens eines
von mechanischen Mitteln, elektrischen Mitteln und magnetischen Mitteln umfasst, dazu gebracht wird, sich zu
öffnen und zu schließen.

9. Vorrichtung nach Anspruch 1, wobei die Kammer oder die Vielzahl von Kammern auf mindestens einer Innenfläche
der drehbar gelagerten zylindrischen Trommel (2) angeordnet ist.

10. Vorrichtung nach Anspruch 1 oder 9, wobei eine Vielzahl von Kammern in Intervallen im gleichen Abstand auf der
inneren Umfangsfläche der drehbar gelagerten zylindrischen Trommel (2) angeordnet ist.

11. Vorrichtung nach einem der vorhergehenden Ansprüche, wobei das Erfassungs- und Überführungsmittel derart
ausgelegt ist, dass das Eindringen von festem teilchenförmigem Material (4) und die Überführung des festen teil-
chenförmigen Materials (4) zum Sammelmittel durch die Drehrichtung der drehbar gelagerten zylindrischen Trommel
(2) gesteuert werden.

12. Vorrichtung nach einem der vorhergehenden Ansprüche, wobei das Erfassungs- und Überführungsmittel in von-
einander beabstandeten Hebevorrichtungen (3) enthalten ist, die an der Innenfläche der drehbar gelagerten zylin-
drischen Trommel (2) befestigt sind.

13. Vorrichtung nach einem der vorhergehenden Ansprüche, wobei das Erfassungs- und Überführungsmittel Weiter-
leitmittel umfasst, die zum Leiten der Überführung des festen teilchenförmigen Materials (4) zum Sammelmittel
ausgelegt sind.

14. Vorrichtung nach Anspruch 13, wobei das Weiterleitmittel ein direktional geneigtes Element umfasst, das verursacht,
dass das feste teilchenförmige Material in eine bestimmte Richtung bewegt wird.
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15. Vorrichtung nach Anspruch 13, wobei das Erfassungs- und Überführungsmittel in Hebevorrichtungen (3) enthalten
ist und das Weiterleitmittel eine Vielzahl von Kammern umfasst, die jeweils eine Vielzahl von gegenüberliegenden
versetzten Kammern (20) umfassen, die entlang jeder Seite der Innenwände der Hebevorrichtungen (3) angeordnet
sind.

16. Vorrichtung nach Anspruch 13, wobei das Weiterleitmittel eine archimedische Schraube (19) umfasst.

17. Vorrichtung nach Anspruch 13, wobei das Erfassungs- und Überführungsmittel eine Innenauskleidung der zylind-
rischen Trommel umfasst, die in der drehbar gelagerten zylindrischen Trommel und konzentrisch damit angeordnet
ist, wobei die Innenauskleidung der zylindrischen Trommel Perforationen mit einem Durchmesser von höchstens
3,0 mm umfasst und die Außenseite der Innenauskleidung der zylindrischen Trommel ein Weiterleitmittel mit einer
archimedischen Spirale umfasst.

18. Vorrichtung nach einem der vorhergehenden Ansprüche, wobei das Sammelmittel einen Behälter (10) umfasst, der
neben einer Endfläche der drehbar gelagerten zylindrischen Trommel (2) angeordnet ist und wobei das Sammelmittel
vorzugsweise neben der vorderen Endfläche der drehbar gelagerten zylindrischen Trommel (2) angeordnet ist und
im Zugangsmittel enthalten ist.

19. Vorrichtung nach einem der vorhergehenden Ansprüche, die mindestens ein Rezirkulationsmittel umfasst, das
Rezirkulation des festen teilchenförmigen Materials (4) aus dem Sammelmittel zur drehbar gelagerten zylindrischen
Trommel (2) zur Wiederverwendung in Trocknungsvorgängen erleichtert.

20. Verfahren zum Trocknen eines nassen Substrats, wobei das Verfahren die Behandlung des Substrats mit einem
festen teilchenförmigen Material (4) bei Umgebungstemperatur oder bei erhöhter Temperatur umfasst, wobei die
Behandlung in einer Vorrichtung nach einem der Ansprüche 1 bis 19 durchgeführt wird und wobei das mindestens
eine nasse Substrat fakultativ mindestens ein Bekleidungsstück aus Textilfasern umfasst.

21. Verfahren nach Anspruch 20, das die folgenden Schritte umfasst:

(a) Einführen mindestens eines nassen Substrats in die drehbar gelagerte zylindrische Trommel (2) über das
Zugangsmittel;
(b) Schließen des Zugangsmittels, um ein im Wesentlichen abgedichtetes System bereitzustellen;
(c) Einführen des festen teilchenförmigen Materials (4) in die drehbar gelagerte zylindrische Trommel (2);
(d) Bedienen der Vorrichtung für einen Trocknungszyklus, wobei die drehbar gelagerte zylindrische Trommel
(2) zum Drehen gebracht wird und das feste teilchenförmige Material (4) fakultativ durch die Vorrichtung rezir-
kuliert bis, bis der Trocknungsvorgang beendet ist;
(e) Veranlassen, dass sich die drehbar gelagerte zylindrische Trommel (2) dreht, damit das feste teilchenförmige
Material (4) von dem Erfassungs- und Überführungsmittel erfasst und somit zum Sammelmittel überführt wird;
und
(f) Beenden der Drehung der drehbar gelagerten zylindrischen Trommel (2).

Revendications

1. Appareil à utiliser pour sécher des substrats en utilisant une matière particulaire solide (4), ledit appareil comprenant:

(a) un moyen de logement (1) présentant monté dans celui-ci un tambour cylindrique monté de façon rotative (2);
(b) un moyen d’accès; et
(c) au moins un moyen de collecte,

dans lequel ledit tambour cylindrique monté de façon rotative (2) comprend en outre un moyen de capture et de
transfert, adapté pour faciliter la collecte de ladite matière particulaire solide (4) et transférer ladite matière (4) audit
au moins un moyen de collecte, dans lequel ledit moyen de capture et de transfert comprend un ou une pluralité
de compartiment(s), caractérisé en ce que ledit moyen de collecte est physiquement détachable de l’appareil.

2. Appareil selon la revendication 1, dans lequel ledit tambour cylindrique monté de façon rotative (2) comprend des
parois latérales pleines qui ne comportent aucune perforation de telle sorte que, lors du fonctionnement, l’entrée et
la sortie de toute matière depuis l’intérieur du tambour (2) soient uniquement possibles par l’intermédiaire dudit
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moyen de capture et de transfert vers ledit au moins un moyen de collecte.

3. Appareil selon la revendication 1, dans lequel ledit tambour monté de façon rotative (2) comprend des parois latérales
perforées, dans lequel lesdites perforations comprennent des trous dont le diamètre est inférieur à celui des particules
de la matière particulaire solide (4).

4. Appareil selon la revendication 1 ou 3, dans lequel ledit tambour cylindrique monté de façon rotative (2) comprend
des parois latérales perforées, dans lequel lesdites perforations comprennent des trous dont le diamètre n’est pas
supérieur à 3,0 mm.

5. Appareil selon l’une quelconque des revendications précédentes, dans lequel ledit moyen de capture et de transfert
comprend au moins un réceptacle comprenant un premier chemin d’écoulement (5) pour faciliter l’entrée de la
matière particulaire solide (4) à partir dudit tambour cylindrique monté de façon rotative (2) et un second chemin
d’écoulement pour faciliter le transfert de ladite matière particulaire solide (4) audit moyen de collecte, et optionnel-
lement dans lequel ledit second chemin d’écoulement comporte au moins un orifice (17) dans la paroi latérale dudit
tambour cylindrique monté de façon rotative (2), ledit au moins un orifice (17) présentant un diamètre qui permet
de transférer ladite matière particulaire solide (4) audit moyen de collecte.

6. Appareil selon la revendication 5, dans lequel ledit moyen de capture et de transfert comprend un moyen de régu-
lation, situé dans ledit second chemin d’écoulement et adapté pour commander le transfert de ladite matière parti-
culaire solide (4) audit moyen de collecte.

7. Appareil selon la revendication 6, dans lequel ledit moyen de régulation comprend une porte (9, 12) ou un volet
ouvrable, et optionnellement ledit moyen de régulation comprend au moins un parmi une porte tournante (20) et un
dépôt dans lequel ladite matière particulaire solide (4) peut être collectée.

8. Appareil selon la revendication 6 ou 7, dans lequel ledit moyen de régulation est amené à s’ouvrir et à se fermer
par un moyen d’actionnement comprenant au moins un parmi un moyen mécanique, un moyen électrique et un
moyen magnétique.

9. Appareil selon la revendication 1, dans lequel ledit compartiment ou ladite pluralité de compartiments est (sont)
situé(s) sur au moins une surface intérieure dudit tambour cylindrique monté de façon rotative (2).

10. Appareil selon la revendication 1 ou 9, dans lequel une pluralité de compartiments sont situés à des intervalles
équidistants sur la surface circonférentielle intérieure dudit tambour cylindrique monté de façon rotative (2).

11. Appareil selon l’une quelconque des revendications précédentes, dans lequel ledit moyen de capture et de transfert
est adapté de telle sorte que l’entrée de matière particulaire solide (4) et le transfert de ladite matière particulaire
solide (4) audit moyen de collecte soient commandés par le sens de rotation dudit tambour cylindrique monté de
façon rotative (2).

12. Appareil selon l’une quelconque des revendications précédentes, dans lequel ledit moyen de capture et de transfert
est intégré dans des élévateurs espacés les uns des autres (3) fixés à la surface intérieure dudit tambour cylindrique
monté de façon rotative (2).

13. Appareil selon l’une quelconque des revendications précédentes, dans lequel ledit moyen de capture et de transfert
comprend un moyen d’acheminement, adapté pour diriger le transfert de ladite matière particulaire solide (4) audit
moyen de collecte.

14. Appareil selon la revendication 13, dans lequel ledit moyen d’acheminement comprend un élément incliné direc-
tionnellement qui amène ladite matière particulaire solide à être déplacée dans une direction particulière.

15. Appareil selon la revendication 13, dans lequel ledit moyen de capture et de transfert est intégré dans des élévateurs
(3) et ledit moyen d’acheminement comprend une pluralité de compartiments dont chacun comprend une pluralité
de chambres décalées opposées (20), agencées le long de chaque côté des parois intérieures des élévateurs (3).

16. Appareil selon la revendication 13, dans lequel ledit moyen d’acheminement comprend une vis d’Archimède (19).
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17. Appareil selon la revendication 13, dans lequel ledit moyen de capture et de transfert comprend une enveloppe de
tambour cylindrique intérieure située à l’intérieur de, et concentrique avec, ledit tambour cylindrique monté de façon
rotative, ladite enveloppe de tambour cylindrique intérieure comportant des perforations dont le diamètre n’est pas
supérieur à 3,0 mm, et la surface extérieure de ladite enveloppe de tambour cylindrique intérieure comprend un
moyen d’acheminement comprenant une hélice d’Archimède.

18. Appareil selon l’une quelconque des revendications précédentes, dans lequel ledit moyen de collecte comprend un
conteneur (10) qui est situé à proximité d’une surface d’extrémité dudit tambour cylindrique monté de façon rotative
(2), et de préférence dans lequel ledit moyen de collecte est situé à proximité de la surface d’extrémité avant dudit
tambour cylindrique monté de façon rotative (2) et est intégré dans ledit moyen d’accès.

19. Appareil selon l’une quelconque des revendications précédentes, comprenant au moins un moyen de recirculation
qui facilite la recirculation de ladite matière particulaire solide (4) à partir dudit moyen de collecte vers ledit tambour
cylindrique monté de façon rotative (2) en vue d’une réutilisation dans des opérations de séchage.

20. Procédé de séchage d’un substrat mouillé, ledit procédé comprenant le traitement du substrat avec une matière
particulaire solide (4) à une température ambiante ou élevée, ledit traitement étant exécuté dans un appareil selon
l’une quelconque des revendications 1 à 19, et optionnellement dans lequel ledit au moins un substrat mouillé
comprend au moins un vêtement en fibre textile.

21. Procédé selon la revendication 20, comprenant les étapes suivantes:

(a) introduire au moins un substrat mouillé dans ledit tambour cylindrique monté de façon rotative (2) par
l’intermédiaire d’un moyen d’accès;
(b) fermer le moyen d’accès de manière à former un système sensiblement étanche;
(c) introduire une matière particulaire solide (4) dans ledit tambour cylindrique monté de façon rotative (2);
(d) actionner l’appareil pour un cycle de séchage, dans lequel ledit tambour cylindrique monté de façon rotative
(2) est amené à tourner et ladite matière particulaire solide (4) est optionnellement remise en circulation à
travers l’appareil jusqu’à ce que le séchage soit terminé;
(e) amener ledit tambour cylindrique monté de façon rotative (2) à tourner de manière à amener la matière
particulaire solide (4) à être capturée par ledit moyen de capture et de transfert et à être ainsi transférée audit
moyen de collecte; et
(f) arrêter la rotation dudit tambour cylindrique monté de façon rotative (2).
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