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FIELD OF THE INVENTION

The invention relates to a method for the expansion of sand
grain-shaped raw material in which the raw material drops
downwards through a substantially vertical heated shaft provided
with means for heating, in which a shaft flow prevails and to a
dosing element which can be connected to a substantially

vertical shaft and a conveying line.

PRIOR ART

A method for producing an expanded granulate from sand grain-
shaped raw material is disclosed in WO 2013/053635 Al, where the
object consists in adjusting a closed surface of the expanded
granulate in a controllable manner so that the expanded
granulate exhibits no hygroscopicity or hardly any
hygroscopicity. In addition, the possibility of specifically
influencing the surface structure of the expanded granulate and
therefore the roughness is to be provided. To this end, this
document proposes providing a plurality of independently
controllable heating elements arranged along the drop section of
the sand grain-shaped raw material and performing a temperature
detection along the drop section, wherein the heating elements
are controlled depending on the detected temperature below the
region in which the expansion process takes place. Removal of
the expanded granulate from the lower end of the drop section is
ensured by means of a pneumatic conveying line into which the

drop section opens.

As a result of the vertical alignment of the shaft and as a
result of the additional introduction or extraction of process
gases accompanying the expansion process, flows occur inside the
shaft which act on the sand grain-shaped raw material. In
particular, the formation of a near-wall upwardly directed
boundary layer flow has a positive effect on the quality of the
expansion process since this boundary layer flow prevents any

baking of the sand grain-shaped raw material on the wall of the
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shaft. If the expansion shaft is closed towards the top, in
addition to the upwardly directed boundary layer flow, a central
downwardly directed core flow is established. This core flow
prevents some of the above-described boundary layer flow and
therefore results in baked-on deposits. The influence of the
core flow can be reduced by the hitherto-known extraction/in-

blowing of process gas from/into the head region of the shaft.

As a result of the direct connection of the shaft to a pneumatic
conveying line, however, pressure fluctuations are produced,
possibly caused by the cleaning cycles of a filter in the
conveying line which are passed on directly to the air in the
shaft. As a result, transverse flows are produced in areas of
the shaft, which impede the positive effect of the boundary
layer flow and thus lead to baked-on deposits which cause a
substantial deterioration in the quality of the expansion
process and which can only be eliminated by complex maintenance

measures when the process is at a standstill.

Therefore the non-uniform expansion processes and the formation
of baked-on deposits on the shaft walls can be seen as
disadvantages of the prior art which occur as a result of
transverse flows caused, for example, by pressure fluctuations
in the subsequent pneumatic conveying line. The known
extraction/in-blowing of process gases from/into the head region

of the shaft cannot prevent this effect.

DESCRIPTION OF THE INVENTION

The formulation of the object forming the basis of the present
invention is to provide a method for producing an expanded
granulate from sand grain-shaped raw material and a dosing
element for connecting the shaft to the conveying line, which
does not have the described disadvantages and ensures that the
pressure fluctuations from the conveying line do not affect the
quality of the expanded granulate. The method should ensure
trouble-free and low-maintenance operation. The dosing element

should be characterized by a simple and reliably design.
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Furthermore, it should be possible to retrofit the invention to

existing systems without major expenditure.

This object is achieved by the method mentioned initially
whereby a dosing element is attached between the shaft and the
conveying line, in which the quantity of granulate which goes
over from the shaft into the conveying line is regulated via
means for regulating so that a defined material accumulation of
the granulate is formed as a buffer in the dosing element, which

decouples the shaft flow from the conveying flow.

The invention is based on the fact that as a result of an
accumulation of material which can be formed by simple means,
possibly by piling up the granulate which drops down, pressure
conditions can be established in the region above the material
accumulation which in normal operation are no longer influenced
by the pressure fluctuations in the conveying line. It is self-
evident that as a result of the formation of a material
accumulation, no complete gastight sealing of the shaft with
respect to the conveying line can be achieved but the sealing
effect is sufficient to prevent a transfer of pressure

fluctuations from the conveying flow to the shaft flow.

By attaching means for regulation, the height of the material
accumulation can be specifically influenced and adjusted to the
optimal value for the current process where lower limits must

not be fallen below and upper limits must not be exceeded.

With regard to the sand grain-shaped raw material, not only
mineral sands can be used in which water is bound as propellant
such as, for example, pearlite or obsidian sand. This can also
comprise mineral dust which is mixed with water-containing
mineral binder where in this case the water-containing mineral
binder acts as propellant. The expansion process can in this
case proceed as follows: the mineral dust which consists of
relatively small sand grains having a diameter of, for example,
20 pm, forms larger grains of, for example, 500 pm with the
binder. At a critical temperature the surfaces of the sand

grains of the mineral dust become plastic and form closed



10

15

20

25

30

35

40

surfaces of the larger grains or melt to form such. Since the
closed surface of an individual larger grain is usually overall
smaller than the sum of all the surfaces of the individual sand
grains of the mineral dust which are involved in the formation
of this larger grain, in this way surface energy is obtained or
the ratio of surface to volume decreases. At this moment, larger
grains each having a closed surface are present where the grains
comprise a matrix of mineral sand dust as well as water-
containing mineral binder. Since the surface of these mineral
grains as previously are plastic, the forming water vapour can
subsequently expand the larger grains. That is, the water-
containing mineral binder is used as propellant. Alternatively
mineral dust can also be mixed with a propellant, where the
propellant is blended with mineral binder which preferably
contains water. CaCOs; for example can be used as propellant. In
this case, the expansion process can take place similarly to
that described above: the mineral dust which has a relatively
small sand grain size (for example, 20 pm diameter) forms larger
grains (for example, 500 pm diameter) with the propellant and
the mineral binder. Upon reaching a critical temperature, the
surfaces of the sand grains of the mineral dust become plastic
and form a closed surface of the larger grains or fuse to form
such. The closed surfaces of the larger grains are plastic as
previously and can now be expanded by the propellant. If the
mineral binder is water-containing, this can function as
additional propellant. Thus, in a preferred embodiment of the
method according to the invention it is provided that the
mineral material with propellant comprises a mineral material in
which water is bound and acts as propellant or mineral dust
mixed with water-containing mineral binder which acts as
propellant or mineral dust mixed with a propellant which is
blended with mineral binder, wherein the mineral binder
preferably contains water and acts as additional propellant. In
order to be able to carry out the method presented as
efficiently as possible, in addition to a shaft furnace it is
preferable to provide a plurality of heating zones with
(independently of one another) controllable heating elements as
well as an intelligent regulating and control unit. This
controls the heating elements preferably as a function of

measured temperatures along the furnace shaft.

DK/EP 3152178 T3
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The method according to the invention can for example be
configured as in WO 2013/053635 Al. Its disclosure is therefore

incorporated fully in this description.

A preferred embodiment is characterized in that the material
accumulation which serves as a buffer is designed in such a
manner that at least a first cross-section of the dosing element
is filled completely with expanded granulate from the shaft over
a defined height. This type of buffer is characterized in that
it is particularly simple to produce. The expanded granulate
dropping from the shaft is piled up until a certain height has
been reached and the material accumulation thereby forming
serves as a buffer. The height of the material accumulation can,
for example, be defined by the location of a measuring device
which is attached in the dosing element and detects the presence
of a material accumulation. The location of the measuring device
corresponds in the operating state of the dosing element to a
certain height within the dosing element and thus also to a

certain height of a material accumulation then present.

According to a further preferred embodiment, the conveying flow
is produced by an extraction device. If the extraction system is
attached in particular at the end facing away from the dosing
element, a conveying flow is obtained over the entire length of
the conveying line, where other elements such as, for example,

filter systems can be attached in the conveying line.

In another preferred embodiment, a separating device, preferably
a gas cyclone is provided in the conveying line by means of
which the expanded granulate is separated from the conveying
flow. Since the expanded granulate comprises the end product of
the method, the concentrated removal from the conveying flow, in
particular by a gas cyclone, is advantageous since in this way a
container such as, for example, a silo can be filled in a simple
manner for further transport or for further processing of the

granulate.

DK/EP 3152178 T3
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A further preferred embodiment provides that the bulk density of
the granulate is determined as a quality feature of the
expansion process in order to subsequently regulate the means
for heating or reduce the feeding of raw material. Through
continuous control of the expanded granulate, such a procedure
enables conclusions to be drawn on the conditions in the shaft.
If the bulk density differs appreciably from the set standard
parameters, this can on the one hand be down to a different
composition of the sand grain-shaped raw material, which can be
compensated by modification of the temperature in the means for
heating or it can be down to baked on deposits on the inner
sides of the shaft. If the latter case occurs, the feeding of
raw material can be reduced, preferably stopped completely in

order to be able to carry out maintenance work.

According to a further particularly preferred embodiment, the
means for regulating increases or reduces the conveyed gquantity
of expanded granulate in the conveying line by means of a local
influencing of the conveying flow in the dosing element. Such a
regulation of the conveyed quantity can be achieved without
moving parts which come in contact with the expanded granulate
and is thus resistant to blockages. A reduction in the conveyed
quantity leads to an increase in the material accumulation
whereas the opposite case occurs when the conveyed quantity is

increased.

In a further particularly preferred embodiment, the height of
the material accumulation in the dosing element is detected and
this information is transmitted to the means for regulating. As
a result, the height of the material accumulation can be varied
by the influence of the conveyed quantity or a non-uniform
feeding of raw material can be compensated so that the height of

the material accumulation remains approximately constant.

According to a further preferred embodiment, process air is
extracted from the head region of the shaft in order to increase
and thereby stabilize the part of the shaft flow directed to the
head region. As a result of such a design, the positive effect

of the lack of pressure fluctuations is combined with a
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reduction of the downwardly directed core flow with the result
that the flow conditions in the shaft can be kept largely

constant independently of external influences.

A further preferred embodiment of the invention provides that
process air is blown in or sucked into the head region of the
shaft in order to stabilize the part of the shaft flow directed
to the head region. This provides another possibility for
keeping the flow conditions in the shaft approximately constant
and has a positive effect on the quality of the expanded
granulate as a result of the simultaneous reduction of the

pressure fluctuations coming from the conveying line.

The dosing element according to the invention is characterized
in that it comprises a material container which can be connected
to the shaft via a shaft connection and has a longitudinal axis,
a conveying section which can be connected to the conveying line
via a conveying connection and means for regulating which are
configured so that a material accumulation is produced in the
area of the material container when granulate enters into the
material container. The dosing element can be connected to the
shaft by the shaft connection so that expanded granulate enters
into the material container. Via the conveying section the
granulate reaches the conveying connection by means of which the
dosing element can be connected to the conveying line in order
to ensure the removal of the expanded granulate which has passed
through the dosing element. The conveyed quantity which passes
through the dosing element is influenced by the means for
regulating in such a manner that a material accumulation forms
in the material container since more granulate drops from the
shaft into the material container than is removed from the
dosing element via the conveying connection. If the material
accumulation has reached a certain defined height, the quantity
conveyed through the dosing element will approximately
correspond to the quantity of granulate which drops from the

shaft into the material contailner.

A system according to the invention can be configured so that

the substantially vertically heatable shaft is connected wvia the

DK/EP 3152178 T3
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shaft connection to the material container of the dosing element
in which means for regulating the conveyed quantity are located
and that the conveying section of the dosing element is
connected to the pneumatic conveying line via the conveying

connection.

The initially formulated object can thus be solved both by a
dosing element according to the invention alone and also by a
system according to the invention containing the dosing element.
Thus, the invention also relates to a system for carrying out a
method according to the invention with a dosing element which is
connected to a substantially vertical heatable shaft and a
pneumatic conveying line, wherein it is provided according to
the invention that the dosing element comprises a material
container which is connected to the shaft via a shaft connection
and which has a longitudinal axis, a conveying section which is
connected to the conveying line via a conveying connection, and
means for regulating which are configured so that a material
accumulation is produced in the area of the material container

when granulate enters into the material container.

According to a preferred embodiment of the dosing element
according to the invention or a system according to the
invention, the conveying section is guided through the material
container transversely to the longitudinal axis of the shaft.
This type of connection of conveying section and material
container is characterized in that no complex construction is
required. The material container can, for example, be welded
together from sheet metal plates and must only be dimensioned so
that its dimensions are greater than the diameter of the

conveying section.

In a further preferred embodiment of the dosing element
according to the invention or a system according to the
invention, the conveying section can be connected to the ambient
atmosphere on the side opposite the conveying connection with
the result that the extraction system can extract ambient air to
produce the conveying flow and transport it through the

conveying line.
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According to a further particularly preferred embodiment of the
dosing element according to the invention or a system according
to the invention, on the side opposite the shaft connection, the
conveying section has at least one opening to ensure transfer of
expanded granulate into the conveying section. Such a design
ensures that the granulate only enters into the conveying
section by means of the suction effect of the conveying flow and
that the granulate covers the longest possible path before it

reaches the at least one opening.

A further particularly preferred embodiment of the dosing
element according to the invention or a system according to the
invention provides that a measuring device is attached in the
area of the material container by means of which the height of
the material accumulation can be detected and which is coupled
to the means for regulating the conveyed quantity. As a result,
the conveyed gquantity can be increased or reduced according to
the height of the material accumulation via the means for
regulating. If the height falls below a minimum height, the
conveyed quantity is throttled and if a maximum height is

exceeded, the conveyed quantity is increased.

According to a further particularly preferred embodiment of a
dosing element according to the invention or a system according
to the invention, the means for regulating the conveyed quantity
is designed as an inner tube which is disposed inside the
conveying section with a butterfly valve located therein. As a
result of this simple design of the means for regulating, it is
possible to regulate the conveyed quantity by adjusting the
valve. The inner tube is preferably the same length as the
conveying section and in the operating state is connected to the
atmosphere on the same side as the conveying section so that
ambient air can also be sucked in through the inner tube. In
addition, it is advantageous to attach the inner tube
concentrically to the conveying section in order to achieve a

uniform suction effect.
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In a further particularly preferred embodiment of a dosing
element according to the invention or a system according to the
invention, the butterfly valve is configured so that it can be
closed on the one hand and thereby reduces the cross-section of
the inner tube through which flow takes place when an exceeding
of a defined height of the material accumulation is detected by
the measuring device in order to increase the conveyed quantity
and thus reduce the height of the material accumulation and on
the other hand can be opened and thus increases the cross-
section of the inner tube through which flow takes place when a
falling below a defined height of the material accumulation is
detected by the measuring device in order to reduce the conveyed
quantity and thus increase the height of the material
accumulation. Since the butterfly valve has the same diameter as
the inner tube, a cross-section through which flow takes place
can be adjusted. If the butterfly wvalve is normal to the
longitudinal axis of the inner tube, there is no cross-section
through which flow takes place and a strong suction is produced
in the area between the inner tube and the inner face of the
conveying section, with the result that more expanded granulate
is sucked in from the material container. If the butterfly wvalve
is parallel to the longitudinal axis of the inner tube, the same
suction effect prevails over the entire cross-section of the
conveying section and only a little granulate enters into the

conveying section.

BRIEF DESCRIPTION OF THE FIGURES

A detailed description of a method according to the invention

and a device according to the invention now follows. In the

figures:

Fig. 1 shows a schematic image of a system according to the
invention,

Fig. 2 shows a detailed view of a dosing element according to
the invention,

Fig. 3 shows a sectional view of a dosing element according to

the invention along line AA in Fig. 2.
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WAYS FOR IMPLEMENTING THE INVENTION

Figure 1 shows a system for expansion of sand grain-shaped raw
material 1. In this case, the raw material 1 falls through a
vertical shaft 3 which can be heated by means 2 for heating, in
the present embodiment a plurality of electrical resistance
heaters 2 are used. The raw material is fed in the head region
16 of the shaft 3. Since the resistance heaters 2 can be
controlled individually, a specific temperature profile can be
established along the shaft 3. As a result of the thermal
radiation which acts on the raw material 1 from the shaft 3, the
raw material 1 expands to form expanded granulate 5. Due to the
heated walls of the shaft 3 and the ensuing process air 18, a
shaft flow 4 is established in the shaft 3, which consists of a
near-wall boundary layer flow in the direction of the head
region 16 and a central core flow in the direction of the shaft

connection 20.

An additional extraction device 17 is provided in the head
region 16 of the shaft 3, which extracts process air 18 from the
head region 16 and thus improves the shaft flow 4. In addition,
a control loop 30 is coupled to the additional extraction device
17 which regulates the fraction of extracted process air 18 and
sucked-in ambient air. Likewise, process air 18 can be blown
into the head region 16 to stabilize the shaft flow 4 either by
this additional extraction device 17 or by another device not

shown here.

Located at the lower end of the shaft 3 is a dosing element 6
which regulates the quantity of granulate 5 conveyed from the
shaft 3 into the pneumatic conveying line 7. The dosing element
6 has a shaft connection 20 at the connecting point to the shaft
3 and a conveying connection 23 at the connection point to the
conveying line 7. Likewise a measuring device 15 is mounted in
the part of the dosing element 6 adjoining the shaft 3, the
measurement data of which is used to regulate the conveyed

quantity.
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An extraction device 12, which is preferably designed as a fan,
is mounted at one end of the pneumatic conveying line 7 which
sucks ambient air from the other end of the conveying line 7,
which is designed to be open to the atmosphere and thus conveys
expanded granulate 5. A gas cyclone 13 is located inside this
conveying line 7 via which granulate 5 is separated from the
conveying line. Located in the conveying line 7 is a filter
system 28 which is preferably disposed between gas cyclone 13
and extraction device 12 which separates small particles from
the conveying line 7. By measuring the differential pressure by
means of an additional measuring device 29, the conveyed
quantity of the extraction device 12 is controlled so that the
flow velocity in the conveying line 7 remains constant even when

the filter system 28 is contaminated.

Figure 1 shows that in this embodiment a weighing device 14 is
additionally provided, this being arranged downstream of the gas
cyclone 13 in relation to the flow of granulate 5 and can be
used to determine the weight and therefore the bulk density of
the separated expanded granulate 5. By means of this
measurement, the quality of the expansion process can be
assessed and accordingly the feeding of raw material 1 is either
reduced, preferably stopped entirely or the output of the
resistance heaters 2 is increased in a specific region of the
shaft 3. Alternative embodiments of the invention do not provide
a weighing device 14 so that the expanded granulate 5 is
introduced directly from the gas cyclone 13 into a container,

preferably a silo.

Figures 2 and 3 now show a detailed view of the dosing element
6. Figure 3 shows one of the main functions of the dosing
element 6: the formation of a material accumulation 10. Expanded
granulate 5 falls from the shaft 3 via the shaft connection 20
(Fig. 1) into a first part of the dosing element, the material
container 19 which has a longitudinal axis 21. Since the
quantity of granulate 5 from the shaft in a first process step
is higher than the quantity of granulate 5 which enters into the
conveying line through the dosing element 6, the material

container 19 is filled with expanded granulate 5 so that a



10

15

20

25

30

35

_qs - DK/EP 3152178 T3
material accumulation 10 is formed which fills at least a first
cross-section 11 of the material container 19. By this means the
space located above the material accumulation 10 in the
operating state, in particular the shaft 3, can be decoupled in
terms of pressure technology from the space located downstream
of the material container 19 in the operating state, in
particular the conveying line 7, so that the pressure
fluctuations in the conveying line 7 do not affect the shaft
flow 4. The material container 19 is designed so that it has at
least the same cross-section as the shaft 3 in the area of the
shaft connection 20, preferably the entire upper area of the
material container 19 has the same cross-section as the shaft 3,

which in particular is rectangular.

Figure 2 shows that a conveying section 22, which preferably has
a circular cross-section is guided through the lower region of
the material container 19, which preferably has a larger cross-
section than the shaft 3, wherein the largest diameter of the
conveying section 22 is configured to be smaller than the
smallest dimension of the interior of the material container 19.
The distance between the outer side of the conveying section 22
and the inner sides of the material container 19 is a multiple
of the largest diameter to be expected of a granule of the
expanded granulate 5 known from process-related empirical
values. Usually the multiplication factor lies in a range
between 10 times and 100 times, preferably between 20 times and
40 times. Typical granule diameters of the expanded granulate 5
lie in the range of 0.5 to 5 mm. For example, for a granule
diameter of 2 mm and a factor of 30, a distance of 2 mm x 30,

i.e. 60 mm is obtained.

The material container 19 therefore encloses at least a part of
the conveying section 22, preferably the entire conveying
section 22. The conveying section 22 therefore preferably
touches the base surface of the material container 19 and rests
on this. The conveying section is guided transversely to the
longitudinal axis 21 of the material container through this
wherein in this variant of the inventions the longitudinal axis

21 intersects the axis of the conveying section 22 at a point
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and the angle between the axes is 90°. Alternative embodiments of
the invention can also have different angles and offset axes. In
order to ensure the transition of expanded granulate 5 from the
material container 19 into the conveying section, at least one
opening 24 (Fig. 3) is provided in the conveying section 22.
This at least one opening 24 is located in this variant of the
invention on the side of the conveying section 22 opposite the
shaft connection 20 (and specifically on both sides of the
conveying section 22, here symmetrically to the longitudinal
axis 21), i.e. in the operating state on the lower side wherein
the at least one opening 24 is preferably designed as a
multiplicity of slits. Alternative embodiments provide that the
at least one opening 24 has the shape of a rectangle, square or
circle. In any case, the at least one opening 24 must be
dimensioned so that the granules having the largest diameter
which are known from process-related empirical values can still
pass through the at least one opening 24 without a blockage
forming. Preferably the ratio between the granules and the
diameter of the opening 24 lies between 1:3 and 1:100,
particularly preferably between 1:5 and 1:50, in particular
between 1:5 and 1:25. For example, for a granule diameter of 2
mm and a ratio of 1:5, the diameter of the opening 24 with 2 mm

X 5 1s obtained as 10 mm.

Located in the inside of the conveying section 22 is a means 9
for regulating the conveyed quantity which in this wvariant is
designed as an inner tube 25 with a butterfly valve 26. In this
case, the largest diameter of the inner tube 25 which like the
conveying section 22 is preferably circular, is smaller than the
smallest diameter of the conveying section 22 and these two
elements are arranged concentrically. By varying the cross-
section and the position of the inner tube 25, many alternative
designs are feasible. The inner tube 25 is also, like the
conveying section 22 and therefore the conveying line 7,
connected to the atmosphere on the side opposite the conveying
connection 23 whereby ambient air can be sucked through all the

aforesaid elements.
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The butterfly valve 26 is disposed inside the inner tube 25 and
is preferably configured as a circular plate having a diameter
which allows the closure of the inner tube 25. This butterfly
valve 26 is rotatably mounted so that it is pivotable about an
axis normal to the axis of the inner tube 25. This pivoting can
take place in a region between a first position in which the
butterfly valve 26 is parallel to the longitudinal axis of the
conveying section 22 and a second position in which the
butterfly valve 26 is normal to the longitudinal axis of the

conveying section 22.

The same conveying flow 8 as in the conveying line 7 which is
produced by the extraction device 12 (Fig. 1) prevails in the
conveying section 22. By means of this conveying flow 8
granulate 5 is conveyed from the material container 19 via the
at least one opening 24 into the conveying section 22 and

further into the conveying line 7.

If the measuring device 15 (Fig. 1), which monitors the height
of the material accumulation 10 in the upper part of the
material container 19 in the operating state, detects that the
height of the material accumulation 10 is too low, the butterfly
valve 26 is opened, i.e. pivoted in the direction of the first
position of the butterfly valve 26. As a result, the cross-
section 27 through which flow takes place when the second
position is reached is the same size as the diameter of the
inner tube 25 and the same flow velocity of the conveying flow 8
prevails in the entire cross-section of the conveying section
22. As a result little granulate 5 is transferred from the
material container 19 into the conveying section 22 and the

height of the material accumulation 10 increases.

If the measuring device 15 (Fig. 1) now detects that the height
of the material accumulation 10 is too high, the butterfly valve
26 is closed, i.e. pivoted in the direction of the second
position of the butterfly valve 26. As a result, the cross-
section 27 through which flow takes place when the first
position is reached is minimal, preferably completely closed so

that the flow velocity in the annular region between the inner
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tube 25 and the inside of the conveying section 22 becomes
higher, with the result that a strong suction is produced and a
large quantity of granulate 5 is transferred from the material
container 19 into the conveying section and the height of the

material accumulation 10 sinks.

This ensures that the height of the material accumulation 10 can
always be held within a defined range in order to maintain the
effect of decoupling of the shaft flow 4 from the conveying flow
5.

In this case, the minimum height of the material accumulation 10
is determined by the at least one opening 24 which must be
covered with said minimum height. The actual height of the
material accumulation 10 which is established during operation
is determined by means of the distance of the measuring device
15 from the conveying section 22 which is preferably 1 cm to 15
cm. The measuring device 15 (or its detector) should therefore
at best be attached only slightly higher than the outside
diameter of the annular gap through which air flows (between the
inner tube 25 and the inside of the conveying section 22) for

sucking in the expanded granulate 5.
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REFERENCE LIST
Sand grain-shaped raw material
Means for heating (electrical resistance heaters)
Shaft
Shaft flow
Expanded granulate
Dosing element
Pneumatic conveying line
Conveying flow
Means for regulating
Material accumulation
First cross-section
Gas cyclone (separating device)
Weighing device
Measuring device
Head region
Additional extraction device
Process air
Material container
Shaft connection
Longitudinal axis
Conveying section
Conveying connection
Opening
Inner tube
Butterfly valve
Cross-section through which flow takes place
Filter system
Additional measuring device

Control loop
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Patentkrav

1. Fremgangsmade til ekspansion af sandkorn-formet ramateriale (1) i hvilket
ramaterialet (1) falder nedad gennem en i det vaesentlige vertikal, opvarmet skakt
(3) forsynet med organ (2) til opvarmning, i hvilken en skaktstrgmning (4)
fremhersker hvor rématerialet (1)som resultat af varmeoverfgrslen i skakten (3)
ekspanderer til ekspanderet granulat (5) og det producerede granulat (5) traenger
ind i en pneumatisk fremfgringslinje (7) med en fremfgringsstrgmning (8) til
yderligere transport, kendetegnet ved at et doseringselement (6) er anbragt
mellem skakten (3) og fremfgringslinjen (7), i hvilken maengden af granulat (5)
der kommer over fra skakten (3) til fremfgringslinjen (7) reguleres via organ (9)
til regulering sé at en defineret materialeansamling (10) af granulatet (5) dannes
som en buffer i doseringselementet (6), som afkobler skaktstrgmningen (4) fra
fremfgringsstrgmningen (8).

2. Fremgangsmade ifglge krav 1, kendetegnet ved at materialeansamlingen
(10) der tjener som en buffer er udformet pa en s&dan méde at mindst et fgrste
tvaersnit (11) af doseringselementet (6) fuldsteendigt fyldes med ekspanderet
granulat (5) fra skakten (3) over en defineret hgjde.

3. Fremgangsmade ifglge krav 1 or 2, kendetegnet ved at
fremfgringsstrgmningen (8) frembringes af en ekstraktionsindretning (12).

4. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 3, kendetegnet
ved at en separeringsindretning, fortrinsvis en gascyklon (13) er tilvejebragt i
fremfgringslinjen (7) ved hjeelp af hvilken det ekspanderede granulat (5) fraskilles
fra fremfgringsstrgmningen (8).

5. Fremgangsmade ifglge krav 3, kendetegnet ved at bulkdensiteten af
granulatet (5) bestemmes som et kvalitetstraek af ekspansionsprocessen med
henblik pa efterfglgende regulering af organet til opvarmning (2) eller reduceret
tilfgrsel af rémateriale (1).

6. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 4, kendetegnet
ved at organet (9) til regulering gger eller reducerer den fremfgrte maengde
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ekspanderet granulat (5) i fremfgringslinjen (7) med en lokal indflydelse af
fremfgringsstrgmningen (8) i doseringselementet (6).

7. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 6, kendetegnet
ved at hgjden af materialeansamlingen (10) i doseringselementet (6) detekteres
og denne information sendes til organet (9) til regulering.

8. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 7, kendetegnet
ved at procesluft (18) udsuges fra hovedregionen (16) af skakten (3) med
henblik pé at gge og derved stabilisere delen af skaktstremningen (4) rettet mod
hovedregionen (16).

9. Fremgangsmaden ifglge et hvilket som helst af kravene 1 til 7, kendetegnet
ved at procesluft (18) blaeses ind eller udsuges til hovedregionen (16) af skakten
(3) med henblik pa at stabilisere delen af skaktstrgmningen (4) rettet mod
hovedregionen (16).

10. System at udfgre en fremgangsmade ifglge et hvilket som helst af kravene 1
til 9 med et doseringselement (6) der er forbundet til en i det vaesentlige vertikal
opvarmelig skakt (3) og til en pneumatisk fremfgringslinje (7), kendetegnet ved
at doseringselementet (6) omfatter en materialebeholder (19) der er forbundet til
skakten (3) via en skaktforbindelse (20) og har en langsgéende akse (21), en
fremfgringssektion (22) der er forbundet til fremfgringslinjen (7) via en
fremfgringsforbindelse (23) og organ (9) til regulering der er konfigureret sa at en
materialeansamling (10) frembringes i omrédet af materialebeholderen (19) nér
granulat (5) kommer ind i materialebeholderen (19).

11. Systemet ifglge krav 10, kendetegnet ved at fremfgringssektionen (22)
ledes gennem materialebeholderen (19) pa tveers af den langsgéende akse (21) af
skakten (3).

12. Systemet ifglge krav 10 eller 11, kendetegnet ved at fremfgringssektionen
(22) kan forbindes til den omgivende atmosfaere pa den modstéende side af
fremfgringsforbindelsen (23).
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13. Systemet ifglge et hvilket som helst af kravene 10 til 12, kendetegnet ved
at p3 siden modstdende skaftforbindelsen (20) har fremfgringssektionen (22)
mindst en 8bning (24) til at sikre overfgrsel af ekspanderet granulat (5) til

fremfgringssektionen (22).

14. Systemet ifglge et hvilket som helst af kravene 10 til 13, kendetegnet ved

at en maleindretning (15) er anbragt i omradet af materialebeholderen (19) med
hjaelp af hvilken hgjden af materialeansamlingen (10) kan detekteres og som er

koblet til organet (9) til regulering af den fremfgrte masngde.

15. Systemet ifglge et hvilket som helst af de foregdende krav, kendetegnet
ved at organet (9) til regulering af den fremfgrte masngde er udformet som et
indre rgr (25) der er anbragt inde i fremfgringssektionen (22) med en spjaeldventil
(26) anbragt deri.

16. Systemet ifglge krav 15, kendetegnet ved at spjaldventilen (26) er
konfigureret s& at den kan lukkes pa den ene side og derved reducere
gennemstrgmningstvaersnittet (27) af det indre rgr (25) nar en defineret hgjde af
materialeansamlingen (10) overstiges detekteret af maleindretningen (15) med
henblik pa at gge den fremfgrte maengde og derved reducere hgjden af
materialeansamlingen (10) og pa den anden side kan abnes og derved gge
gennemstrgmningstvaersnittet (27) af det indre rgr (25) nér overskridelse af en
defineret hgjde af materialeansamlingen (10) detekteres af maleindretningen (15)
med henblik p& at reducere den fremfgrte maengde og derved gge hgjden af

materialeansamlingen (10).
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