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(57) The present invention relates to a method and
a device for thermal processing of loose materials, par-
ticularly organic plant materials. In every step of the meth-
od according to the invention proper, preferable, local
conditions for thermal processing of the material are es-
tablished, by delivering a process gas, the temperature
of which is adjusted independently for each of the steps
of the method, the temperature of the hydrodynamic me-
dium in a form of a process gas, preferably pure air and/or
air saturated with another gas, ranging from 20° to 400°C.
The gas is delivered via a set of one or several nozzles,
positioned and controlled in each of the process sections
independently, under an absolute pressure in the range
from 0,2 hPa to 1 MPa, while the processed material is
put into rotary motion, preferably in each of the steps,
with a speed adjusted separately for each of the steps
and a layer of the processed material is formed at the
inner surface of the section, the rotary motion of the ma-

terial is generated around axes, inclination angle of which
relative to the horizontal direction is adjusted separately
for every section, depending on desired quality parame-
ters of the final product, the process gas being fed con-
currently and/or backwardly relative to the rotating proc-
essed material, at an angle of adjusted magnitude, and
glued together fibers of the processed material are defi-
brated. In the device according to the invention, at least
one additional nozzle (3) for the process gas is located
in at least one of the process sections (2, 4, 5), the nozzle
being directed at an angle relative to the direction of ro-
tation of the process section (2, 4, 5) and situated at an
adjusted angle δ relative to a tangent to the cross- �section
of the process section (2, 4, 5) and at an angle β relative
to the horizontal axis, measured in the plane of this cross-
section, and the distance Rn between the outlet of the
nozzle (3) and the axis of rotation of process sections (2,
4, 5) is smaller than the radius R of the section’s cross-
section drawn in the plane of the location of the nozzle.
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Description

�[0001] The invention relates to a method and a device
for thermal processing of loose materials, particularly or-
ganic plant materials, for obtaining desired organoleptic
properties of these materials, the desired final humidity
and/or obtaining an increase of the specific volume. This
invention is particularly useful for drying tobacco material,
such as leaves, veins and/or cut tobacco.
�[0002] In state of the art systems the batch material
for thermal processing of organic plant materials, partic-
ularly tobacco, are leaves, particularly tobacco leaves,
in any of various different forms, including whole leaves
or parts thereof, veins of tobacco leaves, tobacco foils,
fillings for cigars, cut filling for cigarettes, so called cut
tobacco, wastes (shavings) and/or crumbs of tobacco,
and also any combination of materials containing tobacco
and/or any other organic plant material in any form and
proportions.
�[0003] It is recommended, before feeding the material
to the thermal processing step, to carry out an initial
processing step, the aim of which is to obtain a uniform
humidity level throughout the fed material in the minimum
range of 13-14 % by weight, suitably at least 16% by
weight, preferably more than 19% by weight. Parameters
of the above-�mentioned processes for increasing the hu-
midity level are known and commonly employed in the
art. The wetted tobacco material is then subject to further
processing steps, including, e.g., supplementation of
taste modifiers, and next it is ground using any method,
most frequently a conventional method known in the art.
An exemplary process of processing tobacco material
has been described in US 5722431. One of the most
important steps of the material processing is the thermal
processing step, which typically follows the above men-
tioned steps and which particularly relates to material
which has been already ground before. In order to obtain
thermal processing results, which are proper, preferable
and desired for a specific type/�sort of the tobacco blend,
known methods and devices are used, which enable ther-
mal processing. However, all these known methods are
only a part of a more complex process. Because of the
origin and nature of a processed material (natural plant
materials, particularly tobacco materials) and its physi-
cal-�chemical properties, as well as employed initial
processing steps and additives improving mechanical
and organoleptic properties of the product, and desired
physical-�chemical changes in the material and the addi-
tives due to the thermal processing, the process requires
such a kind of thermal processing, which allows to obtain
many required parameters simultaneously. It concerns
the increase of the specific volume (m3/g) of the proc-
essed material as well as obtaining the proper range of
the output humidity of the processed material (at the out-
let/ �output of the machine) and also obtaining the proper
output temperature of the material. Furthermore, this be-
ing potentially the main and particularly desired goal of
the processing, the problem may concern obtaining prop-

er, desired and preferable chemical reactions between
compounds contained in the material and/or introduced
thereinto as a result of previous processing steps, in order
to produce desired chemical compounds, which deter-
mine organoleptic properties of the final product, i.e., af-
ter finishing the step of thermal processing. �
The subject matter of the present invention is a method
for thermal processing of loose materials, particularly or-
ganic plant materials, and still more particularly tobacco
material, wherein loose material is exposed to a process
gas in a continuous mode, the method being carried out
in multiple steps. �
In each of the steps independently proper, preferable,
local conditions for thermal processing are established
by feeding a process gas, for which a stream of trans-
ported energy, preferably including thermal energy, is
adjusted independently for every step of the method. The
temperature of the thermodynamic medium in a form of
a process gas, preferably pure air and/or air saturated
with another gas, is in the range of 20 - 400°C. The proc-
ess gas is injected into a near-�wall layer of the processed
material via a set of one or several nozzles, positioned
and controlled separately in each of process sections,
under a pressure from 0,2 hPa to 1 MPa. The processed
material is put into rotary motion, preferably in each of
the steps, with a speed adjusted separately for each of
the steps and a layer of the processed material is formed
at the inner surface of the section. The rotary motion of
the material is generated around axes, inclination angle
of which relative to the horizontal direction is adjusted
separately for every section, depending on desired qual-
ity parameters of the final product, the process gas being
fed concurrently and/or backwardly relative to the rotating
processed material, at an angle of adjusted magnitude,
and glued together fibers of the processed material are
defibrated.
�[0004] Preferably, the process gas is saturated steam
or dry overheated steam.
�[0005] The temperature of the process gas reaches
400°C, while the gas is injected under a pressure in the
range from 0,1 MPa to 0,7 MPa.
�[0006] The invention also relates to a device for ther-
mal processing of loose materials, particularly organic
plant materials, comprising at least one process section,
having a form of a body of revolution with a variable and/or
constant cross-�section. Each of multiple sections of the
device is equipped with an inlet stub pipe and outlet stub
pipe for a process gas.
�[0007] According to the invention, at least one addi-
tional nozzle for the process gas is located in at least one
of the process sections, the nozzle being directed at an
angle relative to the direction of rotation of the process
section and situated at an adjusted angle relative to a
tangent to the cross-�section of the process section and
at a constant angle relative to the horizontal axis, meas-
ured in the plane of this cross-�section. The distance be-
tween the nozzle outlet and the axis of rotation of process
sections is smaller than the radius of the section’s cross-
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section drawn in the plane of the location of the nozzle.
�[0008] In a preferred embodiment at least one process
section is located partially in the inner space of the next
section, maintaining the distance from the inner surface
of the section body, the distance enabling a free flow of
the processed material, the axes of rotation of the both
sections mutually intersecting at an adjusted angle, while
the angle between generators of conical bodies of the
both sections is in the range of 0 - 30°.
�[0009] According to the invention, bodies of the proc-
ess sections are preferably frusto-�conical, and the angles
of inclination of the cone side surfaces in subsequent
sections are diversified and are obtuse angles or acute
angles.
�[0010] The angles of inclination of axes of rotation rel-
ative to the horizontal direction are diversified for different
sections and depend on proportions of their diameters,
and the angle of inclination of cone generators relative
to the horizontal direction is in the range of 0 - 30°.
�[0011] The differences between the distance of the
nozzle outlets from axes of rotation of the process sec-
tions and the radii of the process sections’ cross-�sections
drawn in the planes of locations of the nozzles, are in the
range from 1 mm to 150 mm.
�[0012] The inclination angle of the additional nozzle
for the process gas relative to the horizontal direction,
measured in the plane of this cross-�section, is between
40° and 140°, preferably 50° and 100°.
�[0013] The invention enables thermal processing of
loose materials, particularly organic plant materials, for
example leaves and/or cut tobacco, which are fed to the
device and processed in a continuous mode. The device
may comprise several sections, in which, separately, ba-
sic parameters of the thermal process are controlled,
such as temperature of the dryer jacket, temperature and
mass flow rate of the process gas, residence time of the
processed material in subsequent thermal zones, etc.
�[0014] By individual adjustment of a proper combina-
tion of thermal processing parameters in each of the sec-
tions, one obtains desired sequences of the kinetics of
the thermal processing, this allowing for obtaining pre-
ferred mechanical and physical-�chemical properties of
the final product.
�[0015] Employing several subsequent process sec-
tions allows, first of all, for significant intensification of
the thermal process, and also allows for carrying out more
complex versions of thermal processing of a material in
a single, compact and modular device. A particular ad-
vantage of this design is also a possibility of obtaining
such results of thermal processing, which require em-
ploying several separate devices in the state of the art
systems. Furthermore, the method and device according
to the invention enable obtaining proper quality param-
eters of the final product.
�[0016] The term "quality parameters" is understood as: �

- Obtaining final humidity of the product, at the outlet
from the device, in a strictly defined range, typically

of �1 %, preferably �0.5%;

- Obtaining a desired level of swelling of the product
(the specific volume), in order to increase its volume
per unit mass;

- Obtaining desired organoleptic properties of the
product, particularly its taste and aroma properties,
and also the color of the processed material, by car-
rying out controlled chemical reactions within the
processed material and its components in different
thermal zones.

�[0017] The advantage of the adjustment of the inclina-
tion angle of the axis of rotation for each section is ob-
taining a preferred inclination of the lower edge of a ro-
tating section, such that the duration of passing of the
material through the section is important for the quality
parameters, and, as a result, inter alia, the time of contact
between the material and the casing of the process sec-
tion is within a desired range.
�[0018] Moreover, the invention allows for optimization
of the angle of injection of the process gas jet relative to
the inner surface of the process section by adjustment
of the angle between the nozzle axis and the tangent to
the inner surface of the process section. This enables
obtaining optimal and preferred kinetic energies neces-
sary to tear out a layer/ �stream of material adhering to the
inner surface of the process section. At the same time,
it also enables a more intensive exchange of the thermal
energy from the process gas injected via a nozzle to the
material, by generating conditions of hydrodynamic tur-
bulent flow in the zone of contact between both streams,
the material stream and the process gas stream, and a
particularly beneficial for the processed material local hy-
drodynamic turbulent flow, thereby obtaining preferred
increase and, as a result, relative difference of local
speeds of relative slip of the both streams, thus obtaining
a preferred uniform zone of intensive heat exchange to
the material.
�[0019] It is to be noticed that the proposed design of
the process sections according to the invention and the
possibility of adjustment of their inclination angles advan-
tageously affect proportions between different mecha-
nisms of thermodynamic and chemical processes, par-
ticularly intensity of the heat energy transfer to the ma-
terial, particularly between the convection-�type heat
transfer (from the hot process gas) and the conduction-
type heat transfer (from inner surfaces of the process
sections).
�[0020] The invention is further discussed and illustrat-
ed in embodiments referring to a drawing in which: �

Fig. 1 shows schematically an arrangement of proc-
ess sections in longitudinal section,

Fig. 2 shows schematically an arrangement of proc-
ess sections in longitudinal section in another em-
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bodiment of the invention,

Fig. �3 shows schematically an arrangement of proc-
ess sections in longitudinal section in yet another
embodiment of the invention,

Figs. 4 a- �e show exemplary shapes of the process
sections,

Fig. 5 shows schematically one of the process sec-
tions in longitudinal section with the properly angu-
larly situated axis of rotation,

Fig. 6 shows a cross-�section of a process section,
and

Fig. 6a shows a detail from the cross- �section of fig.
6, covering location of a gas nozzle.

�[0021] A shown in figs. 1 and 2, a device for thermal
processing of loose materials according to the invention
comprises several rotating process sections 2, 4, 5 ar-
ranged in series, in which thermal processing of loose
materials is carried out, the materials being fed to the
first of the process sections by means of a feeding device
1. According to the invention a feeding device 1 may be
for example a vibratory feeder or a belt feeder. Process
sections 2, 4, 5 have bodies in form of cylinders or trun-
cated cones, the longitudinal axes of which, as shown in
figs. 1 and 2, are situated at different angles. The main
stream of a process gas is delivered to each of these
sections by means of devices, which are known in the
art and are not shown in the illustration, the gas being
sucked at the section’s outlet. According to the invention
an additional nozzle 3 is located in each of the process
sections 2, 4, 5, delivering the process gas directly to a
layer of the processed material adhering to walls of the
process section, acting as a hydrodynamic scraper, for
example a pneumatic scraper. The thermally processed
material is received by a collecting device 6 mounted at
the outlet from the last process section, for example in a
form a vibratory feeder or a belt feeder.
�[0022] Fig. 3 shows another example of an arrange-
ment of process sections, in which a portion of one sec-
tion is located within the next section. In the lower zone,
between the bodies of the sections there is a free space
allowing for free flow of the material. Mutual inclination
of the axes of the both sections is adjusted, this facilitating
free flow of the material. The angle γ2 between the gen-
erators of the conical bodies of these sections is within
the range of 0 - 30°. In a preferred embodiment according
to the invention, in order to increase the heat exchange
by conduction between the jackets of the both sections,
the angle γ2 may be in the range of 0 - 20°.
�[0023] Each section 2, 4, 5 may have differently
shaped inner surface. Particularly, the inner surface may
be smooth and/or may have specially formed bulges/ �re-
cesses and/or blades.

�[0024] Figs. 4 a- �e show possible exemplary geomet-
rical configurations of the process sections 2, 4, 5. De-
pending on the conditions of the thermal processing, the
geometrical configuration of the sections’ bodies may be
selected in an arbitrary sequence within a single device.
�[0025] As shown in Fig. 5, the angle α of inclination of
the rotation axis of every section relative to the horizontal
direction is adjusted depending on the proportion D1/D2,
i.e., the dimensions of the diameters of the material’s
inlet and outlet from the process section. The angle α is
adjusted within such a range that the lower edge of the
section’s body is inclined relative to the horizontal direc-
tion at the angle γ1 of 30°. �
Figs. 6 and 6a show angular orientation of an additional
gas nozzle 3. According to fig. 6, the gas nozzle 3, de-
livering the process gas, is situated for delivering a
stream of the process gas concurrently or backwardly
relative to a layer of rotating processed material, at an
adjusted angle β relative to the horizontal direction, in a
plane perpendicular to the axis of rotation. The angle β
may range from 40 to 140°, preferably from 50 to 100°.
Furthermore, the nozzle is inclined at an adjusted angle
δ relative to the tangent to the surface of the section’s
cross-�section, the angle δ being adjusted in the range 10
- 170° relative to that tangent. The outlet of the nozzle 3
is located at a distance Rn from the rotation axis of the
section, the distance being smaller than radius R of the
cross-�section in the plane of the position of the nozzle.
In a preferred embodiment R - Rn = 1-150 mm.
�[0026] According to a method of the invention, process
parameters for each of the process sections 2, 4 and/or
5 are adjusted and controlled individually, separately and
in independent ranges.
�[0027] The functionality of each of the sections de-
pends on selected parameters of the thermal processing.
For example, the first process section 2 may be treated
as a section in which intensive transfer of thermal energy
to the material proceeds, via conduction from walls of the
rotary section as well as via convection from the process
gas, for example air. In this section, inter alia, free, not
bound chemically with the material, liquid substances
contained within the cellular structure of the material, par-
ticularly free water and its solutions undergo the phase
transition to steam. As a result of the phase transition
from liquid to gas, evaporation pressure within the cellular
structure of the material increases significantly, and as
a consequence thereof increases the volume of particles
of the processed material. This process is called swelling
and/or expanding of the material.
�[0028] The next, at least one process section 4 has,
for example, a function of drying and/or so-�called roasting
of the material simultaneously. By employing several, in-
dependently located and controlled gas nozzles 3, sev-
eral thermal zones are created within one process sec-
tion 4, in which different process parameters are main-
tained, thus obtaining a desired level of drying, desired
kinetics of heat energy transfer to the material (and as a
result also drying), and also, by selection of the material’s
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transition time through the process sections, a proper
kinetics of chemical reactions of the material and its com-
ponents, all this resulting in obtaining desired organolep-
tic changes and avoiding changes which are not desired.
�[0029] The rotational speed of each of the sections 2,
4, 5 is adjusted in another range, rotations of the section
2 being adjusted in the range of 0 - 300 rpm, while rota-
tions of the section 4 being adjusted in the range of 0 -
100 rpm, preferably in the range of 0 - 50 rpm. High ro-
tational speeds for the sections 2, 4 are advantageous
since such speeds enable the centrifugal force to be in
a range, which allows a layer of the material to be kept
at the wall of the rotating section.
�[0030] A process gas of high kinetic energy is delivered
via the additional nozzle 3, and collision of two backward
streams is caused, namely the stream of coming out gas
and the stream of the material, which is kept within a
near- �wall zone by the centrifugal force of the rotating sec-
tion 2. The impact of the gas stream with the material
stream causes tearing out the material particles from the
walls of the process section 2 and simultaneously causes
particularly intensive transfer of the heat energy of the
gas delivered via the nozzle 3 to the processed material
adhering to the walls of the section 2. An additional, ad-
vantageous effect of such processing is separation of
fibers (defibration) of the processed material, which has
been intentionally ground as a result of previous steps
of the process.
�[0031] The process gas is delivered via nozzle 3 under
a pressure in the range from 0,2 hPa to 1 MPa, preferably
in the range from 0,1 MPa to 0,7 MPa, and in the range
of temperature which depends on expected results of the
thermal processing. The temperature of the process gas
is from 20°C to 400°C, preferably from 80°C to 300°C.
According to the invention, pure air and/or air saturated
with another gas is employed as the process gas, and
also saturated and/or dry steam, or overheated steam
may be used.

Claims

1. A method for thermal processing of loose materials,
particularly organic plant materials, according to
which loose material is exposed to a process gas in
a continuous mode, the method being carried out in
multiple steps, characterized in that in each of the
steps independently, proper, preferred, local condi-
tions for thermal processing of the loose material are
established by feeding a process gas, for which a
stream of transported energy, preferably including
thermal energy, is adjusted independently for every
step of the method, the temperature of the thermo-
dynamic medium in a form of a process gas, prefer-
ably pure air and/or air saturated with another gas,
is in the range of 20 - 400°C, the process gas is
injected into a near-�wall layer of the processed ma-
terial via a set of one or several nozzles, positioned

and controlled separately in each of the process sec-
tions, under a pressure from 0,2 hPa to 1 MPa, while
the processed material is put into rotary motion, pref-
erably in each of the steps, with a speed adjusted
separately for each of the steps, and a layer of the
processed material is formed at the inner surface of
the section, while the rotary motion of the material
is generated around axes, the inclination angle of
which relative to the horizontal direction is adjusted
separately for every section, depending on desired
quality parameters of the final product, the process
gas being fed concurrently and/or backwardly rela-
tive to the rotating processed material, at an angle
of adjusted magnitude, and glued together fibers/
particles of the processed material are defibrated.

2. A method according to claim 1, characterized in
that the process gas is saturated steam.

3. A method according to claim 1, characterized in
that the process gas is dry overheated steam.

4. A method according to claim 1, characterized in
that the temperature of the process gas reaches
400°C.

5. A method according to claim 1, characterized in
that the pressure of the process gas is in the range
from 0,1 MPa to 0,7 MPa.

6. A device for thermal processing of loose materials,
particularly organic plant materials, comprising at
least one process section having a form of a body
of revolution with a variable and/or constant cross-
section, each of the multiple sections of the device
being equipped with an inlet stub pipe and an outlet
stub pipe for a process gas, characterized in that
at least one additional nozzle (3) for the process gas
is located in at least one of the process sections (2,
4, 5), directed at an angle relative to the direction of
rotation of the process section (2, 4, 5) and situated
at an adjusted angle δ relative to a tangent to the
cross-�section of the process section (2, 4, 5) and at
a constant angle β relative to the horizontal axis
measured in the plane of this cross-�section, and the
distance Rn between the outlet of the nozzle (3) and
the axis of rotation of the process sections (2, 4, 5)
is smaller than the radius R of the section’s cross-
section drawn in the plane of the location of the noz-
zle.

7. A device according to claim 6, characterized in that
at least one process section (4) is located partially
in the inner space of the next section (5), maintaining
the distance from the inner surface of the section
body (5), the distance enabling a free flow of the
processed material, the axes of rotation of the both
sections mutually intersecting at an adjusted angle,
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while the angle (γ2) between generators of conical
bodies of the both sections (4, 5) is in the range of
0 - 30°.

8. A device according to claim 6, characterized in that
bodies of the process sections (2, 4, 5) are preferably
frusto-�conical, and the angles of inclination of the
cone side surfaces in subsequent sections are di-
versified and are obtuse angles or acute angles.

9. A device according to claim 6, characterized in that
the angles α of inclination of the axes of rotation rel-
ative to the horizontal direction are diversified for dif-
ferent sections (2, 4, 5) and depend on proportions
D1/D2 of their diameters, and the angle (γ1) of incli-
nation of cone generators relative to the horizontal
direction is in the range of 0 - 30°.

10. A device according to claim 6, characterized in that
the difference of dimensions: R - Rn is in the range
from 1 to 150 mm.

11. A device according to claim 6, characterized in that
the angle β is in the range between 40 and 140°.

12. A device according to claim 11, characterized in
that the angle β is in the range between 50 and 100°.

9 10 



EP 1 759 601 A1

7



EP 1 759 601 A1

8



EP 1 759 601 A1

9



EP 1 759 601 A1

10



EP 1 759 601 A1

11



EP 1 759 601 A1

12

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 5722431 A [0003]


	bibliography
	description
	claims
	drawings
	search report

