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(67)  Theinvention provides a method and apparatus
for expanding a product containing starch which provides
a more efficient expansion of the product while reducing
or avoiding undesired impacts on the taste or quality of
the product. The method for expanding a product con-
taining starch comprises the steps of subjecting the prod-
uct to hot process gas in a high temperature zone (6)
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Method and Apparatus for Expanding a Product Containing Starch

flowing in a downstream direction, such that the product
is expanded by means of a thermal shock while the prod-
uct is conveyed in the process gas in the downstream
direction; and lowering the temperature of the process
gas by injecting cooling medium through cooling medium
inlets (7) while further conveying the product in the proc-
ess gas.
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Description

[0001] The present invention relates to a method and
apparatus for expanding a product containing starch. The
invention further relates to a product containing starch
expanded by the method or apparatus, for example to-
bacco.

[0002] In the prior art, it is known to expand tobacco
for the purpose of improving its filling properties. The ma-
jority of the solutions comprise putting wet cut tobacco
into an air flow of high velocity and high temperature so
that the tobacco expands and dries at the same time.
The reason for the expansion is directly related to the
rapid increase of the temperature of the tobacco. The
expansion is the result of changes in the cell structure of
the tobacco being exposed to high temperatures within
avery short period of time. The mechanism of expansion
is explained by the phase change of an expansion me-
dium in the tobacco from liquid to vapor. Furthermore,
the speed at which this phase change occurs is critical
to the level of expansion.

[0003] Currently used methods of expansion can be
divided in two categories. In the first category, a product
isimpregnanted with an expansion agent, such as carbon
dioxide, nitrogen, Freon or organic solvents. In the sec-
ond category, only water is used as an expansion medi-
um. The first category provides excellent expansion, but
it requires the additional impregnation process to allow
the expansion agents to be useful. The second category
also provides expansion, butit has reduced effectiveness
because of the limitation on the maximum temperature.
And not only is the maximum temperature limited, but a
highertemperature applied for too long a period can have
an undesired impact on taste or quality of the expanded
product.

[0004] In addition to tobacco, further starch containing
products which can be expanded using the method de-
scribed include food products, for example corn or rice.
These products can be transformed by means of expan-
sion into popcorn or puffed rice, respectively.

[0005] Itisthe object of the invention to provide a meth-
od and apparatus for expanding a product containing
starch which provides a more efficient expansion of the
product while reducing or avoiding undesired impacts on
the taste or quality of the product.

[0006] Theinventionrelatestoamethod for expanding
a product containing starch comprising the steps of:

subjecting the product to hot process gas flowing in
a downstream direction, such that the product is ex-
panded by means of a thermal shock while the prod-
uctis conveyed inthe process gasinthe downstream
direction; and

lowering the temperature of the process gas by in-
jecting cooling medium while further conveying the
product in the process gas.

[0007] In particular, the product is not only conveyed
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in the process gas, but by the process gas.

[0008] Due to the injection of a cooling medium, the
temperature around the product can be lowered very
quickly such that after product expansion, the product is
not unnecessarily subjected to heat while being con-
veyed in the process gas. The injection of a cooling me-
dium also allows the product to be heated to a higher
temperature and maintained at that higher temperature
because the cooling medium will quickly reduce the heat
the product is subjected to. By heating to a higher tem-
perature and maintaining that higher temperature to en-
hance thermal shock, better expansion is achieved while
preventing undesired taste impacts in the product. The
method according to the present invention provides a
reliable way of limiting the exposure time of the product
to heat.

[0009] Thus, the method allows for a higher filling pow-
er for expanded tobacco due to the high temperature
shock but it prevents undesired taste impacts by limiting
the exposure of the product to heat for an extended pe-
riod. So, no significant taste change of the product occurs
due to the improved cooling.

[0010] Insome embodiments, the method is free of the
injection of expansion agents, and the apparatus may
use only water as an expansion medium. Thus, the in-
vention enables that a product containing starch to be
exposed to high temperatures for expansion, while it can
actively limit the time of this exposure. The temperature
can therefore be elevated to levels which are not possible
in the prior art without using an expansion agent. The
duration of the exposure can be more freely established
and controlled in an individual manner to the needs of
the thermal shock required for product expansion of a
product.

[0011] In particular, the process gas is super-heated
steam, such that its heat transfer capability can be im-
proved. The process gas may comprise super-heated
water steam. In particular, the method may be conducted
in a flash tower drying system.

[0012] In particular, the product containing starch is
tobacco, preferably cuttobacco, tobacco lamina, tobacco
stems or whole tobacco leaves. The expansion of stem
parts may enable to obtain a product with high filling pow-
er butlow nicotine content. In other applications the prod-
uct may be another product containing starch, such as
corn or rice, which can be expanded as well, due to their
starch content.

[0013] Preferably, the tobacco has a water or moisture
content that is not below about 7 to 8 weight percent of
water. More preferably, the moisture content in the to-
bacco is from about 13 to about 30 weight percent. Fur-
ther, by adjusting the properties of the process gas or
cooling medium, in particular the content of steam, the
moisture content of the tobacco can be controlled.
[0014] In particular, the subjecting of the product to hot
process gas and the lowering of the temperature of the
process gas are conducted in adjacent portions of a pipe
in which the process gas flows. The conveying of the
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product during the expansion and cooling allows to quick-
ly change the temperature around the product and thus
to subject the product to the predetermined temperatures
in a reliable manner.

[0015] The cooling medium may preferably be a cool-
ing gas, such as air. Alternatively cooling liquids can be
used as the cooling medium.

[0016] The cooling medium may in particular be water
or water steam. Preferably, the cooling medium is dem-
ineralized water or water steam. Alternatively, or addi-
tionally, the cooling medium comprises or is composed
of nitrogen, carbon dioxide or Argon. All these media or
gases are generally not chemically reacting with starch
containing products and are therefore not changing the
taste or appearance of the product in an undesired man-
ner.

[0017] In particular, the process medium or the cooling
medium or the process gas and cooling medium com-
prise less than about 10 percent of air, or less than about
2 percent of oxygen. This prevents the starch containing
product from being subject to oxidation. Preferably, the
cooling medium or process gas is comprised of mainly
nitrogen and carbon dioxide. The cooling medium may
be injected at several locations, which are in a distance
to each other in the downstream direction of the flow of
process gas.

[0018] Preferably, the temperature of the process gas
is lowered by injecting cooling medium at at least two
downstream locations, such that a negative temperature
gradient can be obtained in the process gas along the
downstream direction. Thus, a cooling process with sev-
eral differentlocations for injecting cooling mediumis pro-
vided. In particular, the temperature gradient is obtained
by injecting the cooling gas throughout a certain distance
in the flow direction of the process gas.

[0019] In particular, the productis conveyed by means
of the process gas. Thus, additional conveying means
for the product are not necessary. However, in other em-
bodiments conveying means for the product may be ad-
ditionally or alternatively provided.

[0020] Preferably, the method comprises adjusting the
amount of injected cooling medium. This may include
operating a valve by a control means.

[0021] Insome embodiments, the method is free of the
use of expansion medium. In other embodiments, expan-
sion medium may be injected to facilitate the product ex-
pansion. The expansion medium may be only water.
However, the expansion medium may also comprise ex-
pansion agents.

[0022] The method may comprise the step of separat-
ing the product from the process gas after expansion and
cooling.

[0023] The method may be operated in a closed loop,

wherein the process gas is at least partially or fully recy-
cled and heated after the product separation to provide
the necessary heated process gas for product expansion.
[0024] The method may comprise determining the
temperature of the process gas at one or several loca-
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tions in which cooling medium is injected. The deter-
mined temperature may be used for controlling the tem-
perature conditions during product expansion or cooling.
[0025] The method may comprise determining the
pressure at least of the hot process gas during product
expansion. The determined pressure may be used for
controlling the pressure conditions during expansion.
[0026] The invention further relates to an apparatus for
expanding a product containing starch comprising:

a heater adapted to heat a process gas;

a product inlet;

a high temperature zone, in which the product is ex-
panded while being conveyed; and

a temperature reduction zone downstream of the
high temperature zone, wherein the temperature re-
duction zone comprises at least one cooling medium
inlet which is adapted to inject cooling medium to the
hot process gas such that the temperature of the gas
surrounding the product is reduced.

[0027] Due to the injection of a cooling medium, the
temperature around the product can be lowered very
quickly such that after product expansion, the product is
not unnecessarily subjected to heat while continuing
through the apparatus. The injection of a cooling medium
also allows the product to be heated to a higher temper-
ature and maintained atthat higher temperature because
the cooling medium will quickly reduce the heat the prod-
uct is subjected to. By heating to a higher temperature
and maintaining that higher temperature to enhance ther-
mal shock, better expansion is achieved while preventing
undesired taste impacts in the product. The present in-
vention provides a reliable way of limiting the exposure
time of the product to heat.

[0028] Thus, the invention allows for a higher filling
power for expanded tobacco due to the high temperature
shock but it prevents undesired taste impacts by limiting
the exposure of the product to heat for an extended pe-
riod. So, no significant taste change of the product occurs
due to the improved cooling.

[0029] In particular, no injection of expansion agents
is necessary, and the apparatus may use only water as
an expansion medium. Thus, the invention enables that
a product containing starch to be exposed to high tem-
peratures for expansion, while it can actively limitthe time
of this exposure. The temperature can therefore be ele-
vated to levels which are not possible in the prior art with-
out using an expansion agent. The duration of the expo-
sure can be more freely established and controlled in an
individual manner to the needs of the thermal shock re-
quired for product expansion of a product.

[0030] In particular, the process gas is super-heated
steam, such that its heat transfer capability can be im-
proved. The process gas may comprise super-heated
water steam. In particular, the apparatus may be a flash
tower drying system.

[0031] In particular, the starch containing product is
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tobacco, preferably cuttobacco, tobacco lamina, tobacco
stems or whole tobacco leaves. The expansion of stem
parts may enable to obtain a product with high filling pow-
er but low nicotine content. In other applications the prod-
uct may be another starch containing product, such as
corn or rice, which can be expanded as well, due to their
starch content.

[0032] Preferably, the tobacco has a water content that
is not below about 7 to 8 weight percent of water. More
preferably, the moisture content in the tobacco is from
about 13 to about 30 weight percent. Further, by adjusting
the properties of the process gas or cooling medium, in
particular the content of steam, the moisture content of
the tobacco can be controlled.

[0033] Preferably, the product is also conveyed in the
temperature reduction zone. In particular, the high tem-
perature zone and the temperature reduction zone are
formed by adjacent portions of a pipe. The conveying of
the product during the expansion and cooling allows to
quickly change the temperature around the product and
thus to subject the product to the predetermined temper-
atures in a reliable manner.

[0034] The cooling medium may preferably be a cool-
ing gas, such as air. Alternatively cooling liquids can be
used as the cooling medium.

[0035] The cooling medium may in particular be water
or water steam. Preferably, the cooling medium is dem-
ineralized water or water steam. Alternatively, or addi-
tionally, the cooling medium comprises or is composed
of nitrogen, carbon dioxide or Argon. All these media or
gases are generally not chemically reacting with starch
containing products and are therefore not changing the
taste or appearance of the product in an undesired man-
ner.

[0036] In particular, the process medium or the cooling
medium or the process gas and cooling medium com-
prise less than about 10 percent of air, or less than about
2 percent of oxygen. This prevents the starch containing
product from being subject to oxidation. Preferably, the
cooling medium or process gas is comprised of mainly
nitrogen and carbon dioxide.

[0037] Preferably, the cooling medium inlet comprises
a valve adapted to adjust the amount of injected cooling
medium. In particular, the throughput of the valve or
valves can be continuously adjusted. Thus, a precise
control of the temperature in the temperature reduction
zone can be attained. In particular, the valve may be con-
trolled by a feedback control having a temperature con-
dition as a feedback value, in particular, a temperature
in or at the end of the temperature reduction zone.
[0038] In another embodiment, several cooling medi-
um inlets are arranged subsequently in a downstream
direction in the temperature reduction zone. Preferably,
two to ten cooling medium inlets are provided. This ar-
rangement allows a more rapid and efficient cooling of
the process gas and the product comprised therein. Fur-
thermore, a more precise adjustment of the temperature
gradient in the downstream direction of the temperature
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reduction zone can be achieved. In particular, a valve
may be assigned to each cooling medium inlet. Prefera-
bly, the valves are controlled independently of each oth-
er. However, in some embodiments the valves may also
be controlled dependent on each other, for example by
proportionally setting their valve opening degrees. In oth-
er embodiments, only one valve may be provided for sev-
eral cooling medium inlets, such that by means of a cen-
tral valve the throughput of cooling medium through sev-
eral inlets can be controlled.

[0039] Preferably a control means is provided for con-
trolling the at least one valve. In particular, the control
means controls the valve in accordance with the required
temperature at the end of the temperature reduction
zone, which may in particular be determined by a sensor.
[0040] In another embodiment, a control means may
be provided which is adapted such that the valves of the
several subsequently arranged cooling medium inlets
can be controlled separately to enable a defined temper-
ature gradient in the downstream direction of the tem-
perature reduction zone. This allows a better and more
precise control of the temperature gradient in the tem-
perature reduction zone. In particular, the control means
allows adapting the apparatus to different throughput
quantities of the product.

[0041] Preferably, the apparatus further comprises an
expansion medium inlet. The expansion medium inlet is
in particular upstream of the product inlet, and more in
particular upstream of the heater. In particular, the ex-
pansion medium is steam, preferably super-heated
steam.

[0042] In particular, further heat can be applied by the
heater, such that the process gas becomes super-heated
steam. The steam may in particular replace the gas or
air which is introduced in the system together with the
tobacco. Therefore, some of the tail gas may be removed
from the circulation of process gas before expansion me-
dium is injected into the process gas.

[0043] In particular, the heater is arranged upstream
the product inlet. The product inlet may be arranged in
the high temperature zone. In particular, the heater heats
the process gas to about 160 to 600 degrees Celsius,
preferably to about 200 degrees Celsius. Therefore, the
heater is heated to a temperature of about 220 to 1000
degrees Celsius.

[0044] In another embodiment, the apparatus further
comprises a product separation unit, in which the product
is separated from the process gas. The product separa-
tion unit may be a gravity operated product separation
unit, in which the product falls under gravity, while the
flow of the process gas is directed in another direction,
in particular towards the top. The flowing velocity of the
process gas can be reduced in the product separation
unit, in particular by increasing the diameter of the pipe
or cylinder in the product separation unit. Other possible
product separation units which can be applied in embod-
iments of the invention include cyclone separation units
or sieves.
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[0045] Preferably, the high temperature zone and the
temperature reduction zone are arranged in a closed
loop, with the product separation unit being arranged at
a position downstream of the temperature reduction zone
and the product inlet being arranged in the high temper-
ature zone. This improves the energy efficiency, as the
remaining heat of the process gas is reused. Further-
more, the expansion medium comprised in the process
gas may be reused. This is in particular beneficial, if the
expansion medium comprises agents which significantly
affect the operation costs of the apparatus, such as Ar-
gon.

[0046] In one embodiment, temperature sensors are
distributed at least along the temperature reduction zone.
The temperature sensors preferably provide an input sig-
nal in the form of the temperature of the process gas at
several positions to the control means of the at least one
valve of the at least one cooling medium inlet. Preferably,
at least one temperature sensor is provided at the down-
stream end of the temperature reduction zone. Further-
more, temperature sensors may be arranged before or
after the cooling medium inlets. The signals of all tem-
perature sensors may be provided to one control means,
which accordingly bases the control also on the correla-
tion of the temperatures.

[0047] Furthermore, in some embodiments pressure
sensors can be provided in the apparatus according to
the invention. In particular, the apparatus can be control-
led such that a pressure below ambient pressure is main-
tained in the high temperature zone to foster the expan-
sion of the product. Preferably, the control means is
adapted to control that the pressure in the high temper-
ature zone is lower or at least not significantly higher than
ambient pressure.

[0048] In one embodiment, the product is conveyed by
means of the flow of the process gas. In particular, the
productis in the form of small pieces, such that the proc-
ess gas can apply sufficient force for the conveying of
the product. Preferably, the process gas flows with a suf-
ficiently high velocity through a pipe into which the prod-
uct is inserted. In other embodiments, the product may
be conveyed by an additional conveying means, such as
a conveyor belt or the like.

[0049] Furthermore, the invention provides a tobacco
product comprising tobacco processed by the method or
apparatus according to the invention as specified before-
hand. The tobacco productis in particular cut filler tobac-
co. However, the tobacco product may also be full or cut
tobacco leaves or final products such as smoking articles,
in particular cigarettes or cigars. Furthermore, the tobac-
co product may be a tobacco containing product for a
smoking device, which only heats but not burns the to-
bacco. In particular, the tobacco product differs from ex-
panded tobacco products in the prior art by having a high-
er expansion level. The invention will now be further ex-
plained by means of an exemplary embodiment as shown
in the following figure.

[0050] Figure 1 shows a schematic view of an appa-
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ratus according to the invention.

[0051] An apparatus according to an embodiment of
the invention as shown in Figure 1 comprises an up-
stream pipe 1, in which at least parts of recycled process
gas flow. An expansion medium inlet 2 is arranged at the
upstream pipe 1. The expansion medium inlet 2 compris-
es in particular a controlled valve to adjust the amount
of injected expansion medium. The expansion medium
is in particular replacing or diluting the process gas which
is recycled in the process. In particular, the expansion
medium replaces gas or air which is brought into the proc-
ess gas by the tobacco.

[0052] The upstream pipe 1 leads to a furnace or heat
exchanger 3 in which the process gas can be heated.
The furnace or heat exchanger 3 may comprise a flue
gas outlet 4 to divide flue gas from the process gas. The
heat exchanger 3 may use the heat of recycled process
gas or tail gas to heat the process gas.

[0053] Downstream of the heat exchanger 3 a heater
5 may be provided. The heater 5 may have atemperature
of about 220 to 1000 degrees Celsius during operation
and may heat the process gas from 160 to 600 degrees
Celsius, preferably to 180 degrees Celsius. The section
downstream of the heat exchanger 3 or the heater5is a
high temperature zone 6. The high temperature zone 6
extends in particular in between the heating means 3, 5
and the cooling medium inlets 7. In particular, a product
inlet 8 is arranged in the high temperature zone 6. The
product inlet 8 is arranged at a substantially upstream
position in the high temperature zone. More in particular,
the productinlet 8 is arranged slightly downstream of the
heater 5 or the heat exchanger 3 in the high temperature
zone 6. The product inlet 8 is adapted to continuously
provide a controlled amount of starch containing product
per time to the high temperature zone 6. This may ob-
tained by providing a rotating drum as a dosage means
in the product inlet 8, such that the amount of product
can be controlled. When the product is subjected to the
high temperature zone 6, an enhanced thermal shock
occurs and the productis expanded. Apart from tobacco,
other starch containing products may be expanded.
[0054] The product is exposed to extreme tempera-
ture, while the time of this exposure is limited by means
of the length of the high temperature zone 6 and flow rate
of the process gas therein. A high heat transfer coefficient
to the productis achieved by using super-heated process
gas as the medium for heat transfer, in particular super-
heated water steam. Tobacco provided by the product
inlet 7 is in particular cut tobacco, which may already be
pretreated, such as by applying a casing, impregnation
or steam. The type, pressure, temperature and compo-
sition of the process gas may be controlled by means of
the expansion medium inlet 2, the flue gas outlet 4, and
the heat exchanger 3 and heater 5.

[0055] In particular, the tobacco fed through the prod-
uct inlet 8 comprises at least about 7 to 8 weight percent
of water. More preferably, 13 to 30 weight percent of
moisture content in the tobacco are desired. The mois-
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ture content is important regarding the expansion of the
tobacco, as the sudden generation of steam in the starch
is the main cause of the expansion of the starch in the
tobacco. Downstream of the high temperature zone 6
several cooling medium inlets 7 are provided in a tem-
perature reduction zone 9. The cooling medium inlets 7
are arranged subsequently in the temperature reduction
zone 9. The cooling medium inlets 7 comprise injection
nozzles, which are provided directly in the pipe forming
the temperature reduction zone 9, and flow control valves
10, which control the flow of cooling medium through
each of the cooling medium inlets 7. The cooling medium
inlets 7 are adapted to inject a cooling medium. The cool-
ing medium is in particular a gas of a lower temperature
than the process gas in the high temperature zone 6.
Thus, in the temperature reduction zone 9, the temper-
ature of the process gas and the productis reduced. The
process gas and the tobacco then flow into a reduced
temperature zone 11, which is arranged downstream of
a temperature reduction zone 9. The duration of the ex-
posure of the product to the high temperature medium
as provided by the process gas is controlled by providing
a set of cooling medium inlets 7, in particular in the form
of injection nozzles, and a control means, such that cool-
ing medium can be introduced to the mixture of process
gas and product particles, in particular tobacco particles,
in order to reduce their temperature. Thus, the duration
of the high temperature exposure can be freely estab-
lished. This allows elevating the temperature to levels in
the high temperature zone 6 which are not possible in
the prior art without using expansion agents. Thus, the
tobacco can be exposed to extreme temperatures, which
foster an expansion of the tobacco.

[0056] In particular, the temperature reduction zone 9
may be formed by a pipe, whose extension direction in
the flow direction comprises at least a vertical compo-
nent. In particular, the pipe in the temperature reduction
zone 9 may extend substantially in the upward vertical
direction. Thus, due to gravitational forces on the product,
the flow of the product may be slightly slower than the
flow of the process gas, which increases the time that
the product is in the temperature reduction zone 9. This
may increase the cooling effect provided by the cooling
medium inlets 7 by a control means and the temperature
reduction zone 9. In particular, the flow control valves 10
are controlled to inject the cooling medium. The cooling
medium inlets 7 can be arranged in different configura-
tions and positions to achieve the desired cooling effect.
In the present embodiment, the cooling medium inlets 7
are arranged substantially equidistant along the pipe of
the temperature reduction zone 9.

[0057] The reduced temperature zone 11 extends in
the present embodiment in a substantially horizontal di-
rection. Downstream of the reduced temperature zone
11 a product separation unit 12 is provided. The product
separation unit 12 is in particular a gravity operated prod-
uct separation unit. The product separation unit 12 may
have the form of a cylinder in its upper region and of a
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cone in its lower region. At the lowermost position of the
cone a product outlet 13 is provided. The product outlet
13 may either be an opening, a closable opening or may
comprise conveying means, such as rotatable drums to
remove the processed product from the product separa-
tion unit 12. The product separation unit 12 is connected
in its upper region to a recirculation pipe 14. The process
gas in the recirculation pipe 14 has a temperature of
about 140 degrees Celsius. The flow of the process gas
in the closed loop system of the apparatus is enabled by
a pump or fan 15 provided in the recirculation pipe 14.
At the downstream end of the recirculation pipe 14 a tail
gasoutlet 16 is provided for removing parts of the process
gas before other parts of the process gas flow into the
upstream pipe 1. The recirculation pipe 14 and the up-
stream pipe 1 may be integral. The tail gas outlet 16 may
be provided with a valve to control the outflow of tail gas.
Throughout the apparatus, in particular in the high tem-
perature zone 6, temperature reduction zone 9, and in
some embodiments as well in the reduced temperature
zone 11, one or several temperature sensors may be
arranged. The temperature sensor may enable a control
of the temperature of the process gas and of the tobacco.
Furthermore, several temperature sensors may allow
controlling a temperature profile throughout the appara-
tus, and in particular in the temperature reduction zone
9. In particular, the temperature in the temperature re-
duction zone 9 may be determined by the type, temper-
ature, volume, flow rate or droplet size of the cooling me-
dium.

[0058] In some embodiments, a pressure control may
be implemented in the apparatus, comprising pressure
sensors and accordingly controlling the fan or pump and
the respective valves throughout the apparatus. Thus, a
balancing of the pressure or a control of the pressure can
be obtained. Furthermore, by means of controlling the
flow velocity of the process gas, the duration of the high
temperature exposure of the product can be controlled.
[0059] All aforementioned control parameters define
the exit conditions of the product, in particular the expan-
sion level of the tobacco, that is the percentage of volume
gained of the tobacco, and the level of thermal shock.
[0060] Inthe following, the method according to an em-
bodiment of the invention will be described. Initially, proc-
ess gas, which may at least partially be recirculated, can
be provided with expansion medium through an expan-
sion medium inlet in an upstream pipe 1. Then, the proc-
ess gas is heated by means of a heat exchanger 3 or a
heater 5 oraheat exchanger 3 and a heater 5. The heater
5 may in particular be an electrical heater. However, in
other embodiments, the heater 5 may also be a heater
through which a heating medium flows. Then, a product,
in particular cut filler tobacco, is provided through the
product inlet 8 to the high temperature zone 9. Due to
the moisture in the product and the starch content of the
product, the thermal shock which occurs during the rapid
temperature change of the product expands the product.
In particular, the product is fed through the product inlet
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8 at a temperature significantly lower than the tempera-
ture in the high temperature zone 6. In particular, the
product is fed through the product inlet 8 at ambient tem-
perature or even at a temperature lower than ambient
temperature. The product may also be preheated, in par-
ticular to a temperature slightly below the boiling point of
water.

[0061] The productis conveyed by means of the proc-
ess gas through the high temperature zone 6 until it
reaches atemperature reduction zone 9, in which several
subsequent cooling medium inlets 7 are provided.
Through each of the cooling medium inlets 7, cooling
medium is injected into the temperature reduction zone
9, such that the temperature in temperature reduction
zone 9 is rapidly lowered. For this purpose, flow control
valves are assigned to each of the cooling medium inlets
7. After the temperature reduction zone 9, the product
reaches a reduced temperature zone 11 in which the
temperature of the process gas has been significantly
reduced. Due to the temperature reduction zone 9 in
which the cooling medium quickly cools the process gas
and product, the product can be subjected to higher tem-
peratures in the high temperature zone 6 than in compa-
rable prior art solutions. In particular, the temperature
shock is defined by the temperature difference in be-
tween the product before being fed through the product
inlet 8 and the temperature in the high temperature zone
6. However, if the product would be subjected to high
temperatures too long, it would degrade, which could
lead to a change of taste, structure or appearance of the
product, which is not desired.

[0062] After the reduced temperature zone 11, the ex-
panded product reaches together with the process gas
a product separation unit, wherein it is separated from
the process gas. Then, the process gas is recirculated
through a recirculation pipe 14 to the upstream pipe 1,
wherein parts of the process gas can be ejected from the
system through a tail gas outlet 16. A fan 15 is provided
in recirculation pipe 14 to maintain the circulation of the
process gas in the apparatus. Alternatively, it is also pos-
sible that the fan 15 or any other circulation means is
provided at another position in the apparatus. The circu-
lation means may be connected to a central control
means. The flow of the process gas, the temperature and
the cooling medium injection can be controlled by the
central control means.

Claims

1. Method for expanding a product containing starch
comprising the steps of:

subjecting the product to hot process gas flowing
in a downstream direction, such that the product
is expanded by means of a thermal shock while
the product is conveyed in the process gas in
the downstream direction; and
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1.

lowering the temperature of the process gas by
injecting cooling medium while further convey-
ing the product in the process gas.

Method according to claim 1, wherein the tempera-
ture of the process gas is lowered by injecting cooling
medium at at least two downstream locations, such
that a temperature gradient can be obtained in the
process gas along the downstream direction.

Method according to claim 1 or 2, wherein the prod-
uct is conveyed by means of the process gas.

Apparatus for expanding a product containing starch
comprising

a heater adapted to heat process gas;

a product inlet;

a high temperature zone, in which the product is ex-
panded while being conveyed; and

a temperature reduction zone downstream of the
high temperature zone, wherein the temperature re-
duction zone comprises at least one cooling medium
inlet which is adapted to inject cooling medium to the
hot process gas such that the temperature of the gas
surrounding the product is reduced.

Apparatus according to claim 4, wherein the cooling
medium inlet comprises a valve adapted to adjust
the amount of injected cooling medium.

Apparatus according to claim 4 or 5, wherein several
cooling medium inlets are arranged subsequently in
a downstream direction in the temperature reduction
zone.

Apparatus according to any one of claims 4 to 6,
further comprising a control means for controlling the
at least one valve.

Apparatus according to claim 6, further comprising
a control means which is adapted such that the
valves of the several subsequently arranged cooling
medium inlets can be controlled separately to enable
a defined temperature gradient in the downstream
direction of the temperature reduction zone.

Apparatus according to any one of claims 4 to 8,
further comprising an expansion medium inlet.

Apparatus according to any one of claims 4 to 9,
further comprising a product separation unit, in which
the product is separated from the process gas.

Apparatus according to claim 10, wherein the high
temperature zone and the temperature reduction
zone are arranged in a closed loop, with the product
separation unit being arranged at a position down-
stream of the temperature reduction zone and the
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13.

14.

15.
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product inlet being arranged in the high temperature
zone.

Apparatus according to any one of claims 4 to 11,
wherein temperature sensors are distributed at least
along the temperature reduction zone.

Apparatus according to any one of claims 4 to 12,
further comprising at least one pressure sensor and
a pressure control means which is adapted to control
the pressure at least in the high temperature zone.

Apparatus according to any one of claims 4 to 13,
wherein the product is conveyed by means of the
flow of the process gas.

Tobacco product comprising tobacco processed by
the method or apparatus according to any one of the
preceding claims.
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