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METHOD FOR EXPANSION OF SAND GRAIN-SHAPED RAW MATERIAL

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 forming a temperature profile, in 
which a shaft flow prevails wherein as a result of heat 
transfer in the shaft, the raw material expands to form 
expanded granulate and the granulate formed is passed into a 
pneumatic conveying line with a conveying flow for further 
transport, as well as to an apparatus which comprises a 
separating device, preferably a gas cyclone which can be 
connected to a pneumatic 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
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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 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.

Such above-described baked-on deposits on the shaft walls has 
the result that the heat transfer from the shaft walls to the 
raw material deteriorates. In addition, this results is a 
detachment of the boundary layer flow which leads to 
additional baked-on deposits in other regions of the shaft. 
As a result, the quality of the expansion process 
deteriorates appreciably and the fraction of undesired, 
unexpanded granulate leaving the shaft is increased.
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Since the sand grain-shaped raw material is a naturally 
occurring raw material, this has fluctuations in its 
composition, for example, in the fraction of propellants. 
This has the result that at constant process parameters, 
possibly during the formation of a specific temperature 
profile in the shaft by the variously controllable heating 
elements, the quality of the expansion process depending on 
the condition of the raw material is not constant.

In known processes the quality of the expansion process is 
only measured on a random sample basis and the process is 
then re-adjusted or stopped.

It can thus be seen to be a disadvantage of the prior art 
that neither the fluctuating composition of the sand grain
shaped raw material nor the formation of baked-on deposits 
can be detected promptly, which in each case results in a 
deterioration of the quality of the end product since the 
fraction of the unexpanded granulate increases or the desired 
properties of the expanded granulate are not achieved.

DE 6608156 U relates to a device for determining the litre 
weight of combustion material, wherein a container connected 
to a weighing device is filled continuously via a double 
vibrating sieve and combustion material can be discharged 
continuously from the container by means of a discharge 
device .

US 4 180 185 A discloses a method for the continuous 
measurement of the weight of low-density fibers or powders, 
such as perlite. The fibers or the low-density powder are 
separated by a gas cyclone and passed through a high-pressure
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DESCRIPTION OF THE INVENTION

The problem to be solved by the present invention is to 
provide a method for producing an expanded granulate from 
sand grain-shaped raw material and a device for measuring the 
bulk density, which does not have the described disadvantages 
and ensures that the quality of the expansion process is 
continuously monitored. The method should ensure trouble-free 
and low-maintenance operation. The device should be 
characterized by a simple and reliable design. 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 the bulk density of the expanded granulate is 
measured continuously, wherein upon detection of a deviation 
from at least one defined bulk density, the temperature 
profile in the shaft is automatically or manually adjusted 
and/or the feeding of raw material into the shaft is reduced 
automatically or manually.

The invention is based on the fact that as a result of a 
continuous measurement of the bulk density, the quality of 
the expansion process is continuously monitored. If the bulk 
density changes, the expansion process can be adapted 
accordingly. This can be accomplished on the one hand, 
whereby a signal, for example, a warning tone, notifies the



DK/EP 3152177 T3
5

user that an adjustment of the process is required or on the 
other hand, by an automated processes wherein the system 
automatically adapts the process according to predefined 
parameters .

5

10

15

20

25

30

If a fluctuation condition of the raw material is determined 
on the basis of the variation of the bulk density, this can 
be compensated by adapting the temperature profile in the 
shaft. If however baked-on deposits in the shaft are 
determined as a result of the measurement, the feeding of raw 
material can be reduced, preferably stopped in order to 
prevent further baked-on deposits in the shaft and thus 
minimize the repair expenditure.

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 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 gained or the ratio of
surface to volume decreases. At this moment, larger grains
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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. CaCCb 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
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controls the heating elements preferably as a function of 
measured temperatures along the furnace shaft.

The method according to the invention can for example be 
configured as in WO 2013/053635 A1 . Its disclosure is 
therefore incorporated fully in this description.

In accordance with the invention, it is further provided that 
the expanded granulate is separated from the conveying flow 
in the conveying line by a separating device, preferably a 
gas cyclone. By attaching a separating device in the 
conveying line, it is possible to separate the expanded 
granulate. 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 this can be connected to a container such 
as, for example, a silo.

According to a further aspect of the invention, the bulk 
density of the granulate separated by the separating device, 
in particular the gas cyclone is measured. A measurement at 
this point of the process is particularly advantageous since 
no additional complex units are required in the conveying 
line such as possibly optical media or a separate measuring 
line .

In accordance with the invention, the separated expanded 
granulate is concentrated to form a granulate flow and this 
is guided into a measuring container, wherein the measuring 
container is connected to a measuring device to determine the 
bulk density. In this way, a measurement of the bulk density 
is achieved over a defined volume of the measuring container
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and the mass weighed by means of the measuring device is 
achieved. In this case, the geometry of the measuring 
container should preferably be configured very simply, 
possibly as a cylinder or rectangular prism. As a result of 
the concentrating of the granulate flow, a uniform filling of 
the measuring container is ensured so that this is 
sufficiently filled even with low utilization of the process 
or a change in the quality of the expansion process is 
detected sufficiently rapidly.

According to the invention, the measuring container has 
openings in the base surface through which at least part of 
the granulate flow is discharged continuously. This 
arrangement ensures that a certain part, preferably 60% of 
the total production quantity of the expanded granulate, 
flows continuously through the measuring container in order 
to enable the prompt measurement of the bulk density and thus 
the determination of the expanded quality

A further embodiment provides that a dosing element is 
provided between shaft and conveying line, in which the 
quantity of granulate which is transferred from the shaft 
into the conveying line is regulated by means of means for 
regulation so that a defined material accumulation of the 
granulate is formed in the dosing element as buffer, which 
decouples the shaft flow from the conveying flow. This 
arrangement in particular has positive effects on the shaft 
flow if the shaft flow is thereby decoupled from the 
conveying flow since pressure fluctuations from the conveying 
line, possibly due to the cleaning cycle of a filter, no 
longer affect the shaft flow and the frequency of baked-on 
deposits in the shaft can also be reduced as a result.
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According to a preferred embodiment, the conveying flow is 
produced by an extraction device. If the extraction device is 
attached at the end of the conveying line facing away from 
the shaft, 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 .

Further particularly preferred embodiments provide that 
process air is extracted from the head region of the shaft or 
that process air is blown into the head region of the shaft 
in order to stabilize the part of the shaft flow directed to 
the head region. This variant achieves a particularly high 
quality of the expansion process since as a result of the 
extraction or blowing-in of process air, the flow conditions 
are stabilized in that no secondary flows promoting harmful 
baked-on deposits are promoted.

A device according to the invention for measurement of the 
bulk density of the expanded granulate comprises a separating 
device configured as a gas cyclone which can be connected to 
a pneumatic conveying line, wherein at least one measuring 
container which has a base surface for receiving at least a 
part of the granulate flow from the separating device 
configured as a gas cyclone is arranged underneath the gas 
cyclone in the operating state, wherein the measuring 
container is connecting to a measuring device for determining 
the bulk density. It has proved to be very advantageous if 
the separating device is configured as a gas cyclone although 
other separating devices are also feasible.
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This device is based on the fact that the granulate separated 
by the separating device (by the gas cyclone) is transferred 
into a measuring container in order to fill this and keep it 
filled, wherein the entire granulate flow need not enter into 
the measuring container, a part thereof is sufficient. Since 
the measuring container is located underneath the gas cyclone 
in the operating state, no further conveying device is 
required, gravity is sufficient. The bulk density can now be 
measured in a simple manner by means of a suitable measuring 
device using the defined volume of the measuring container.

In accordance with the invention, the measuring device is 
designed as a weighing device, preferably as a scale. This 
simple form of weight determination allows for a technically 
inexpensive measurement of bulk density and can be installed 
without great additional effort.

According to the invention, the measuring container has 
openings in the base surface in order to allow at least part 
of the granulate flow to flow off continuously. This 
arrangement ensures that a certain part, preferably 60% of 
the total production quantity of the expanded granulate, 
flows continuously through the measuring container in order 
to enable prompt measurement of the bulk density and thus 
determination of the expanded quality.

In a further preferred embodiment of a device according to 
the invention for measuring a bulk density of the expanded 
granulate, a means for concentrating the granulate flow, 
preferably a funnel, is disposed between the separating 
device configured as a gas cyclone and the measuring 
container, whereby a particularly simple concentrating is
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achieved. As a result of the formation of the concentrated 
granulate flow, filling of the measuring container is ensured 
even when little granulate is located in the conveying flow.

A further particularly preferred embodiment of a device 
according to the invention for measuring the bulk density of 
the expanded granulate provides that the measuring container 
is connected to the measuring device via a side arm, whereby 
a particularly simple positioning of the measuring container 
in the granulate flow is achieved which can also be 
retrofitted to already existing systems.

According to a further particularly preferred embodiment of a 
device according to the invention for measuring the bulk 
density of the expanded granulate, an overflow for at least a 
part of the granulate flow is provided on the measuring 
container. This variant makes it possible to prevent an 
accumulation of the granulate flow when the measuring 
container is completely full whereby the excess part of the 
flow can escape from the measuring container, preferably over 
the edge of the measuring container.

In principle, it would also be conceivable that the base 
surface of the measuring container is not provided with any 
openings and that a device for cyclical emptying of the 
measuring container, preferably by pivoting, is provided.
The initially formulated object is solved by a system 
according to the invention for carrying out a method 
according to the invention using a device according to the 
invention for measuring the bulk density, where the 
substantially vertical heated shaft is connected via the
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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 with respect to Fig. 1 with a 
device according to the invention.

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 4 which can be heated by means 2 for 
forming a temperature profile 3, in the present embodiment a 
plurality of electrical resistance heaters 2 are used. The 
raw material is fed in the head region 15 of the shaft 4. 
Since the resistance heaters 2 can be controlled 
individually, a specific temperature profile 3 can be 
established along the shaft 4. As a result of the thermal 
radiation which acts on the raw material 1 from the shaft 4, 
the raw material 1 expands to form expanded granulate 6. Due 
to the heated walls of the shaft 4 and the ensuing process 
air 16, a shaft flow 5 is established in the shaft 4.
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An additional extraction device 24 is provided in the head 
region 15 of the shaft 4, which extracts process air 16 from 
the head region 15 and thus stabilizes the shaft flow 5. In 
addition, a control loop 25 is coupled to the additional 
extraction device 24 which regulates the fraction of 
extracted process air 16 and sucked-in ambient air. Likewise, 
process air 16 can be blown into the head region 15 to 
stabilize the shaft flow 5 either by this additional 
extraction device 24 or by another device not shown here.

Located at the lower end of the shaft 4 is a dosing element 
14 which regulates the quantity of granulate 6 conveyed from 
the shaft 4 into the pneumatic conveying line 7. In 
alternative embodiments, this dosing element 14 is not 
provided, with the result that the shaft 4 opens directly 
into the conveying line 7.
An extraction device 9, 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 6. A gas cyclone 10 is 
located inside this conveying line 7 via which granulate 6 is 
separated from the conveying line. Located in the conveying 
line 7 is a filter system 22 which is preferably disposed 
between gas cyclone 10 and extraction device 9 which 
separates small particles from the conveying line 7. By 
measuring the differential pressure by means of an additional 
measuring device 23, the conveyed quantity of the extraction 
device 9 is controlled so that the flow velocity in the 
conveying line 7 remains constant even when the filter system 
22 is contaminated.
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Figure 2 shows a detailed view of a device for measuring the 
bulk density of the expanded granulate 6, from which it can 
be seen that the device comprises a separating device in the 
form of a gas cyclone 10, wherein the gas cyclone 10 is 
connected to the pneumatic conveying line 7 as shown in Fig.
1. The expanded granulate 6 coming from the conveying line 7 
is separated by the gas cyclone 10 as granulate flow 11 from 
the conveying flow 8 in the conveying line 7. In this 
embodiment a measuring container 12 is mounted underneath the 
gas cyclone 10 in the operating state, which receives at 
least a part of the granulate flow 11 which is separated from 
the conveying line 7 in the gas cyclone 10. In order to 
concentrate this granulate flow 11, a funnel 18 is located 
between the gas cyclone 10 and the measuring container 12. 
Preferably the longitudinal axes of the gas cyclone 10, the 
funnel 18 and the measuring container 12 coincide to form one 
axis. The part of the granulate flow 11 which cannot be 
received by the measuring container 12 can escape from this 
by means of an overflow 20 over the edge of the measuring 
container 12. The measuring container 12 is connected via a 
side arm 19 to the measuring device 13 which is designed as a 
weighing device. By determining the weight in the weighing 
device and the known volume of the measuring container 12, 
the bulk density of the expanded granulate 6 can thus be 
measured continuously.

If deviations from the desired bulk density are determined, 
the temperature profile 3 of the shaft 4 is modified by 
reference to empirical values or the quantity of raw material 
fed to the shaft 4 is reduced on the basis of empirical 
values or both the temperature profile is modified and the
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quantity of raw material fed to the shaft 4 is reduced on the 
basis of empirical values.

Figure 2 also shows that the measuring container 12 has
5 openings 21 on its base surface through which a part of the 

granulate flow 11 drains continuously. These openings 21 can 
have any shape, for example, rectangles, slots, or squares, 
where in particular circular openings 21 are preferably used.

10 Typical granule diameters of the expanded granulate 6 lie in 
the range of 0.5 to 5 mm. In order to ensure a continuous 
flow through the measuring container 12, the ratio between 
the granule diameter and the diameter of the openings 21 is 
preferably between 1:3 and 1:100, particularly preferably

15 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 factor of 30, a 
ratio of 1:10, the diameter of the openings 21 is obtained as 
2 mm x 10 as 20 mm.

20
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REFERENCE LIST
1 Sand grain-shaped raw material
2 Means for forming a temperature profile

(resistance heaters)
5 3 Temperature profile

4 Shaft
5 Shaft flow
6 Expanded granulate
7 Pneumatic conveying line

10 8 Conveying flow
9 Extraction device
10 Gas cyclone
11 Granulate flow
12 Measuring container

15 13 Measuring device
14 Dosing element
15 Head region
16 Process air
17 Base surface

20 18 Funnel
19 Side arm
20 Overflow
21 Openings
22 Filter system

25 23 Additional measuring device
24 Additional extraction device
25 Control loop
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Patentkrav

1. Fremgangsmåde til ekspansion af sandkornformigt råmateriale (1), ved hvilken 

råmaterialet (1) falder ned gennem en med midler (2) til dannelse af en 

temperaturprofil (3) forsynet, i det væsentlige lodret opvarmet skakt (4), i hvilken 

der fremhersker en skaktstrømning (5), idet råmaterialet (1) på grund af 

varmeoverførslen i skakten (4) ekspanderer til opblæst granulat (6), og det 

fremkomne granulat (6) kommer ind i en pneumatisk transportledning (7) med en 

transportstrømning (8) med henblik på videre transport, kendetegnet ved, at 

det opblæste granulats (6) pulverrumvægt til stadighed måles,

idet temperaturprofilen (3) i skakten (4) tilpasses automatisk eller manuelt, 

og/eller tilførslen af råmateriale (1) til skakten (4) reduceres automatisk eller 

manuelt, hvis der påvises en afvigelse fra mindst en defineret pulverrumvægt, 

idet det opblæste granulat (6) skilles fra transportstrømningen (8) i 

transportledningen (7) gennem en skilleindretning, fortrinsvis en gascyklon (10), 

idet pulverrumvægten af det gennem skilleindretningen, især gascyklonen (10), 

fraskilte granulat (6) måles,

idet fraskilte opblæste granulat (6) samles til en granulatstrøm (11), og denne 

ledes ind i en målebeholder (12),

idet målebeholderen (12) forbindes med en som vejeindretning udformet 

måleindretning (13) til bestemmelse af pulverrumvægten, og 

idet målebeholderen (12) har åbninger (21) i en bundflade (17), gennem hvilke i 

det mindste en del af granulatstrømmen (11) kontinuerligt strømmer ud.

2. Fremgangsmåde ifølge krav 1, kendetegnet ved, at transportstrømningen (8) 

frembringes ved hjælp afen sugeindretning (9).

3. Fremgangsmåde ifølge et af kravene 1 til 2, kendetegnet ved, at der er 

tilvejebragt et doseringselement (14) mellem skakt (4) og transportledning (7).

4. Fremgangsmåde ifølge et af kravene 1 til 3, kendetegnet ved, at der suges 

procesluft (16) ud af skaktens (4) hovedområde (15) for at stabilisere den mod 

hovedområdet (15) rettede del af skaktstrømningen (5).
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5. Fremgangsmåde ifølge et af kravene 1 til 3, kendetegnet ved, at der i 

skaktens (4) hovedområde (15) indblæses procesluft (16) for at stabilisere den 

mod hovedområdet (15) rettede del af skaktstrømningen (5).

6. Apparat til måling af pulverrumvægten af det opblæste granulat (6) ifølge et af 

kravene 1 til 5, omfattende en som gascyklon (10) udformet skilleindretning, som 

kan forbindes med en pneumatisk transportledning (7), idet i det mindste en 

målebeholder (12), der har en bundflade (17), i driftstilstand er anbragt under 

gascyklonen (10) til optagelse af i det mindste en del af granulatstrømmen (11) 
fra den som gascyklon (10) udformede skilleindretning, idet målebeholderen (12) 

er forbundet med en måleindretning (13) til bestemmelse af pulverrumvægten, 

kendetegnet ved, at måleindretningen (13) er udformet som vejeindretning, 

fortrinsvis som vægt, og at målebeholderen (12) har åbninger (21) i bundfladen 

(17) for at lade i det mindste en del af granulatstrømmen (11) strømme ud 

kontinuerligt.

7. Apparat ifølge krav 6, kendetegnet ved, at der mellem den som gascyklon 

(10) udformede skilleindretning og målebeholderen (12) er anbragt et middel til 

samling af granulatstrømmen (11), fortrinsvis en tragt (18).

8. Apparat ifølge krav 6 eller 7, kendetegnet ved, at målebeholderen (12) 

gennem en udligger (19) er forbundet med måleindretningen (13).

9. Apparat ifølge et af kravene 6 til 8, kendetegnet ved, at der på

målebeholderen (12) er tilvejebragt et overløb (20) for i det mindste en del af 

granulatstrømmen (11).

10. Anlæg til gennemførelse af en fremgangsmåde ifølge et af kravene 1 til 5 med 

et apparat til måling af pulverrumvægten ifølge et af kravene 6 til 9, idet den i det 

væsentlige lodrette opvarmede skakt (4) gennem den pneumatiske

transportledning (7) er forbundet med den som gascyklon (10) udformede 

skilleindretning.
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