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DESCRIPTION

3F THE INVENTION

The present invention relates to a device for producing an expanded granuiated
naterial from mineral material in the form of graing of sand with an expanding agent,
for example for producing an expanded granulated material from perlite or ebsidian

sang with bound water a5 expanding agent, the device comprising a furnacs with a sub-

fm

stantiafly vertically standing furnace shaft having an upper end and 2 lower and, wherein
a conveying section extends between the two ends, wherein further at least one fesding
means is provided which is adapted to charge at least the unexpanded material at one
of the two ends of the furnace shaft info the furnace shaft in the direction of the other
of the two ends of the furnace shaft in order to expand the material, s sean in a con-
veying direction, in the last half, preferably in the last thivg, of the conveying section,
wheratn at least one rotatable shalfl insert s provided, which is srranged at least in sec-
tions in the furnace shaft and has at least one scraper hiade, which forms with an inner
wall of the furnace shaft at least one gap having a gap width and which is adapted, dur-
ng rotation of the at least one shafl insert in an operating state of the devige, 1o removs

caking on the inner wall in sactions if a thickness of the caking is grester than the re-

spactive gap width, wherein the at least one shaft insert is rotatable about at lsast one
axis of rotation which extends parallel to & longituding! axis of the furnace shaly, prefer-
ably the at lsast one axis of rotation colnciding with the longituding! axis,

From WO 20153/053635 &1 a method and a device for the, in particular closed-
cell, expansion of sand-grain-shaped mineral material containing an expanding agent -
such as bound water - are known, I this process, the materiad s fed from above into a
furnace with 2 substantially vertical furnace shaft. By means of gravity, the materizlis

nveyed through the furnace shafl from s upper end to s lower end along a convey-
ing section in a conveying divection. The conveying section passes through several heat-
ing zones arranged separataly from each other in the conveying direction and equipped
with independently controliable heating elements in order to heat the materialto a oriti-

cal temperature and to expand the sand grains. The expansion process is isenthalpic and
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The ex-

(}.

is accompaniad by a corresponding drop in temperature, which can be detectad
panded granulated material s dischargad at the bottom end. Due to buoyancy forces oo
curring in the furnace sha®t, which are triggerad, amaong other things, by the chimnay ef-
fact of the furnace shaft and have different effacts duse o the different density before
and after expansion, this type of sxpanding is sultable for raw sands with grain sizes typ-
ially greater than or sgual o 75 wm, in particular greater than or equal to 100 um. For
Hiner grains, the buoyanoy forces becomea too lavge for a relishle expanding rasult. b ad-
dition, with fine grain sizes there is an increased risk of agglomeration or "caking” on the
inner wall of the furnace shaft, because particles that sre too light or have too low a
density remain suspendad in the heating zone for too long. in this case, the particles
continue to absorh energy after axpansion and soften again, without isenthalpic shape
change leading to cooting, which in turn significantly increases the risk of apglomeration
or caking on the inner wall of the furnsce shafl. This danger increases as the grain band
becomes narrower, since - figuratively speaking - there are no longer snough coarsear
and thus at the same time heavier particles to pull the finer particles along against the
buoyanoy forces.

In order to expand raw sands with Hner grain sizas, it is known from
WO 2016/191788 AL a5 well 35 WO 2018/191763 Al to fead or inject the material to-
gether with a guantity of alv from the bottom to the top of the furnace shaft and to con-
vey it through the furnace shaft, it has been recognized that when feeding very fine

grains in combination with blowing in, different flows have to be

u

e synchranized in order

10 subsequently obtain a uniform How profile through the furnace shaft and to avoid

e
o
{;
s
3}
L4
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turbulence, ast agglomerations/caking on the shaft wall Such agglomera-
Honsfeaking, in turn, causse successive "overgrowth” of the shaft and, consequently, ol
struction of the heat radiation, which in turn leads 1o poorer expansion results,

in addition, it should be noted that, usually, caking cannot be completely avoided

avern when expanding sands of cosrser grain sizes and may have a negative influencs on
US 2835512 A, US 2521180 A and US 255087 A each describe 2 furnace having a
vertical furnace shaft for expanding perlite sand. Parlite sand is fed into the furnace
shatft from above and heated for expansion at the top of the furnace shaft by means of
an annular gas burner, A watar-cooked tube s placad in the furnace shaft and is rotated

around the vertical axis of the furnace shaft to scrape caked expandead perlite sand from
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OBIECT GF THE INVENTION
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ect of the present invention to provide a device for the pro-
duction of an expanded granulsted matarial which svercomaes the above-mantioned dis-

advantages assoviatad with caking, In particular, 2 uniform, constant expansion s to be

made possible, preferably for as wide a range of granuiations as possible.

SUMMARY OF THE INVENTION

The core of the invention is the consideration that caldng {"agglomearations™) of

the sand-grain-shaped minegral materisl st or on the innar wall of the furnace shaft is un-

]

avoidable and must tharetore he included in order 1o achieve a defined expansion pro-
cess. For this purposs, in a device for producing an expanded granulated material from
sand-grain-shaped mineral materist with an expanding agent, for axampls for producing
an expanded granulsted matarial from perlite or ohsidian sand with bound water as ex-
panding agent, the device comprising a furnace having a substantially vertically standing
1, which has an upper end and a lower and, wherein a conveying section ax-
tands hetween the two ends, wherain furthermore at least one feeding means is pro-
vided, which is adapted to feed at least the unexpandead matarial at one of the two ends

of the furnace shaft into the furnace shaft in the direction of the other of the two ends

Pl

of the furnace shaft in order 1o expand the material, as sean in a convaying direction,

£

the last half, preferably in the last third, of the conveying section, wherain at least one
rotatable shaft insert is provided, which is arranged at least in sections in the furnace

shaft

fak}

nd has 21 ieast one seraper blade which forms st least o a gap width

with an inner wall of the furnace shaft and is adapted, during rof 1@ at least one
shaft insert in an operating stale of the device, to rarnove caking on the inner wall in
sections, if a thickness of the caking is greater than the respective gap width, wherein
axis of rotation which extends

the at least one shaft insert is rotatable about at least on

,.,
)

parallel to s longitudingl axis of the furnsce shaft, wherein the at {east one axis of rota-
tion prefevably coincides with the longhtudina! axis, B is provided in accordanca with the

invention that the conveying section leads through a plurality of heating zonas which are
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arranged separately from one another in a conveying divection, wherein the heating
zones each comprise at lepst one heating slamant which can be controlled inda-
pendently of one another, in order 1o heal the material st least to 2 oritical tempera-
ture, and to expand the sand grains, and that the at least one shaft insart sach com-
prises a base body from which the at least one soraper blade projects with a directional
portion paralel to o radial divection, whereln the radial divection lies In & plane normal
1o the axis of rotation of the respective shaft insert and, starting from the respective axis
of rotation, taces away theretrom, wherein the respective base body, as viewed at least
in the radial direction, is substantially dosad.

The conveving divection is substantially parallel to the vertical or the plumb divec-

tion and may be from top 1o bottom or, comversely, from hottom 1o top. This means that

H

the at least one sh art may he provided both when feeding the material from

ahove and whan fesding the material from below. in the case of feading from above,
the material to be expandsed s at least partiaily conveyed along the conveying section by
means of gravity, thereby forming 2 partidle flow in the furnace shaft. A chute, for axam-
ple, can be provided here as a fseding means for the material to be axpandad, in the
case of faeding from below, the material to be expanded is typlcally fed into the furmacs
shafl together with a guantity of air and conveved through the furnace shaft. The fead-
g means here can be, for example, a suction nozzle cooperating with a fan, which is
connacted upstraam of the furnace shaft and is adapted 1o suck the unexpanded mats-
rial into the furnace shafl together with a quantity of aly 2t the lower end of the furnace
shaft in the direction of the upper end. The alr volume forms an air flow flowing from
bottom to top, by means of which the material in the form of grains of sand is conveyed
in the form of & particle fAow through the furnsce shaft from bottom 1o top slong the
comveving section in order to be expanded in the upper half, preferably in the upper-
most third, of the conveving section.

The hesting slamants can be used to define the heating rones, since different

heating zones must each have at least one heating element, and these heating elemants
must be indepandently controliable.

For the sake of completeness, itis noted that, as viewesd in the conveying divec-

tian, the last half is the o hatf, or the last third is the third third.
According to the invention, the caking is no lopger regarded as process-disturbing,

bt thelr thickness is controlled by means of the at least one shaft insert in order to
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have & homogenizing effect on the expansion result. The shaft insert with its at {east one
seraper blade forms & gap between the soraper blade and the fnner wall of the furnane
shafi. Typicaily, the gap width is i the range of 2 mm 1o 5 mim.
in the operating condition of the device, when material is conveyed through and
sxpanded in the furnace shaft, the gap is covered with caked material within a short pe-
riod of thme, This caking is then continuously ramoved by means of the at lsast one
scraper blade as the at lesst one shaft insert rotates, whaereln "removal” includes shear-
ng, stripping, cutting off, pushing off or scraping off.
Tha thickness of the caking is limited by the removal and remains approximately
constant, more precisely in g certain range around the gap width, This approximately
onstant and approximately uniform thickneass of the caking suarantees an approxi-
nately constant radiation intensity, which can be Introduced into the furnace shaft -

through the caking - by means of the heating elements. The resulting approximately, or

o
W

substantially, constant energy input info the furnace shaft in turn provides uniform ex-
pansion and ensures a substantially constant axpansion result substantially throughout
the operation of the device,

The fact that the removal takes place "at least in sactions” is to be understond in
such 2 way that, on the one hand, in a certain plane normal to a longitudinal axis of the
furnace shatt, the removal doss not have to take place simultansousty around the entire
angitlar range of 360° around the longitudinal axis, On the othar hand, the term "in sec-
tions” is also usad in practice, if only becauss the gap with a gap width greater than zero

does not ramove the entire thickness {ocally) of the caking, but a certain thickneass of

joR

the caking is deliberately ratained. This means that both the gap or gap width and the
thicknaess are to be understond as greater than zero.

It practics, due to manufacturing tolerances, the gap widih is to be understood as
ting within a certain gap width range or may vary slightly.

5 of the caking is o

Accordingly, in practive the thicky garded as lving

within a thickness range. Furthermore, the actual thickness of the caking &1 a certain
point in time at a certain location in the furnace shaft is the result of a dynamic proces
which means that the thickness is not constant everywhers and at alf times, but varies
within a cartain range In tarms of time and location, since new caking is constantly baing
added on the ona hand and removed on the other. Accordingly, areas where the thick-

ness is greater than the gap width can arise - temporarily, until the removal takes place
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by means of the at lrast one scraper blade.

Thae

Fact that the sand graing in the furnace shaft move as & particls flow along the
comveving section fargely in well-defined movement ranges hetween the soraper blade
or blades, the rest of the shaft insert and the caking also contributes to uniform expan-

7 to the constant and defined expansion result. Accordingly, the residences time of

il

the sand grains in the furnace shaft - and thus the expansion process or the expansion
resull - can be quite precisely detined or controlisd,

The inner wall per se is to be understood without the caking, which is to he kept
within a certain range with respect to s thickness. For example, a imiting slement, in
particular in the form of a so-called steel linar, can be provided to form the innerwall In
this contexi, it would alse be theoretically possible for the nner wall not 1o be formed
by the delimiting element or the steel liner, but by one or more layers on the delimiting
aslement or steal Hiner, which layers, howsvaer, are not the caling 1o he controlled in s
thickness, Accordingly, the gap s to be understood with is gap width, Le. in relation o

the conorete inner wall without caking.

The gap width and thicknass of the caking can be measured parallel to a radiah di-
rection normal to a longitudmal axis of the furnace shaft and facing outward from a ra-
dial center of the furnace shaft, which typically coincides with the longitudinal axis. Typi-
cally, this radial divection is normal to the nner wall,

The at least one shaft insert can b designad as removable so that s easy (o
change between different shalt inserts. The differant shaft inserts can differ from each

other, 2., by different scraper blades, in particular with regard to their number and/for

course andfor resulting pap widths and/or resulting movement ranges for the sand

grains.
The at least one shafl insert s made of one or more materials that can withstand
the tempseratures that occur in the furnace shaft, Ssid materials may include, for exam-

s or rickel-bs

ple, metals, in particular stainless ste ad alloys, or carbon fiber o caram-

fcs, in particuiar high-performanca ceramics.

perd
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o
o
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hat the at least one shaft insert doss not have to be arranged

complately in the furnace shaft, but can also protrude in sections from the furnace shaft

- at the upper and/or lower end. The respective section protruding frorm the furns

r

shafl can prove advaniageous for the bearing and/or for the drive of the respactive
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However, it is also concalvable that the &t least one shaft insert is arranged com-
pletely in the furnace shaft - and ondy stored within it

The at least one shafl insert alsoe does not have to exiend over the entire furnacs
shaft or over its entire length or over the entire conveying section.

n principle, a single shaft insart can be provided. This can be constructed from

several parts or segments, Typioally, i this casa the shaft insert can be rot
axis of rotation that coincides with the longitudinal axds of the furnace shafl. The latter
can also be the case it several shaft inserts are provided which, as viewed in the convey-

ing divection, are arranged one behind the other. in this case it would be givable,

i

for example, that the different shaft inserts rotate at different speeds andfor form dif-

s.si

farant gap widths. in these cases, rotation of the respective shaft insert in a furnace

shaft with a substantially cireular cross-section {normal to the longitudinal axis of the
furnace shaft) effactively results inan annular gap betwaeen the raspective at least one
seraper blade and the inner wall of the furnace sha®t in each case. Accordingly, in the de-

5

vice according to the invention, it is provided that the at least one shaft insert is rotata-

ble about at least one axis of rotation which is parallel to 2 longitudinal axds of the fur-
nace shaft, preferably the at least one axis of rolation coinciding with the longitudingt
axis.

Theoratically, however, several different axes of rotation are also possible in the
case of saveral shaft inserts, aven if these are arrangad one bahind the other, at least in
sections, as seen in the conveying divection.

in particular, it would aiso be conceivable for several shaft inserts to be provided

which, as viewed in the conveying direction or in a sectional plane normal to the longitu-

ginal axis, are arranged next 1o one another and have differant axes of rotation, wharein

axes of rotation can extend parsllel to the longitudingl axis of the furnace shaft in sach
case.
Analogous to the above, Us provided in g preferred embodiment of the device

according to the vention that the at least one shaft insert is rotatably mounted in the

region of the upper end of the furnace shafl, wherein prefarably the at least one shaft

4

v.ll

insert is floatingly mounted in the region of the lower end of the furnace shaft.
Thae region of the ypper end of the furnace shatt in which the at least one shaft
nsart s rofatabl mounted can be arranged oulside the furnace shalt. In addition to a

structurally simple and particularly stable mechanical bearing, thiz also enables a
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structurally simple {rotary) drive of the shaft insert,

i the operating state of the device, the Hoating bearing arrangement ansures &

]
o
P
I
.

fcubarly stable or constant and defined gap over its entive langth parallel to the con-
veving section at differant rotationa! speeds of the at least one shaft insert.

i

it possible to achieve a particularly precissly defined thickness of the caking and thus a

particularly high uniformity of the process, which in turn bhas @ positive effect on the ax-
pansion result.

The region of the lowsr end of the furnace shatft in which the at least one shaft in-
sert is flogtingly mounted may be arranged outside the furnsce shait.

For example, o cantering pin can be provided on the shaft insert for floating hear-
ing, which is {"Hoatingl™) mounted so that it can move along the axis of rotation. The
centering pin extends along the axs of rotation and Is dimensioned, in particular inits

N

fength measured along the axis of rotation, in such & way that "Hoating” or movable
bearing is ensurad for all thermal expansions of the shaft insert.

in a preferred embodiment of the device acoording to the invention, it i provided
that the at least one shaft insert has several, preferably st most eight, most preferably

two to four, scraper blades. This means that the indicated number can be re

=4
o
o
o
,..

ctal numvber and/or as the number of scraper blades per shatt insert {if several
shaft inserts should be provided), Multiple scraper blades are advantageous in terms of
the accuracy with which the expansion process can be adjusted, For example, multiple
seraper blades can be used to create different gaps along the conveving section in order
1o influence the expansion procass.
The number of scraper blades of the respective shaft insert can also be designed
variably, for example in that the soraper blades can he retracted/edended or ine
sarted/removead.
in particidar, f multiple scraper hlades are arranged one behind the other as
viswerd in & crcumferential direction arcund the longitudinal axis ar around the radial
centar of the furnace shafl, a particularly uniform thickness of the caking can be
achieved in the entire angular range around the radial center, which inturn leads to a
particularly uniform expansion or expansion result. Accordingly, in a particularly pre-
ferrad embodiment of the device according 1o the invention, it ks provided that at least
two of the soraper blades rranged one hehind the other as viewad In 2 circumferen-

tial direction arcund a radis! center of the furnace shaft. it is understood that more than
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two of the scraper blades, in particular all of the scraper blades, can also be arranged
one behind the other as viewed in the circumferential divection.

in aceordance with the above-mentioned increased design possiliility by means of

H

5

several soraper blades, it is provided in a3 particularly preferred embodiment of the de-
vics acoording to the invention that at least two of the scraper blades form gaps with

differant gap widths with the inner walll in this case, the gap width can vary as seen in

the conveying direction, La, the gaps with different gao widths can be arranged one he-
hind the other 2t least in sections as seen in the conveying direction. This can, for exam-

ple, influence the residence time of the sand graing in zonas of different temperature,

Alternatively or additionally, the gap width can vary when viewed in the circum-

farential divection, Le. the gaps with different gap widths can be arranged one behind
the othaer, st least in sections, when viewsd in the circumferential divection. In this way,

for example, the process of removing the caldng can be gptimized in order 1o set a de-

Depending on the temperature and the material to be expanded, the thickness of
the caking can grow at different rates. Accordingly, it may be necessary 1o ancelerate o,
optionally, slow down the {sectionsl) removal of the caking. The iatter, ip particular, may

also prove advaniageous for selting desired particle flows in the furnace shaft. There-

fore, in a preferred embodimant of the device according to the invention, it is provided

that at fesst one drive maans is provided for rotating the at least one shalt insert st
variable rotational spead, wherein the rotations! speed s prefarably in the rangse

% "

of §.125 rom ("revolutions per minute"} to 2 rpmy, more preferably in the range of 0.5

Fpin to 2 rpm. For example, in practics, the rotational speed can be set or varied in the
range arcund 1 rpm.

e

suitable drive means, which can be conpected to the at least one shaft insert, for

sxample via at least one drive shaft, are known per se. For example, electric motors are
suitable as drive means, whereln gears or variable ratios or reductions can be provided
for varying the rotational spead. It would alse be conceivable to use one or morve elactyic

is varied by means of frequency converter{s} in order to

i

motors whose rotational spee

vary the rotational speed of the at lrast one shaft insert.

..1

in the device according 1o the invention, it s providad that the at least one shaft
nsart has in each case 3 hase body from which the at least one soraper blade projects

with a diractional portion paraliel to 2 radial direction, wherein the radial divection lies
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in a plane normal to an axs of rotation of the respective shaft insert and, starting from

-
{

the respective axis of rotation, faces away from the latter, wherein the respactive bage
body is substantially cosed as seen at least in the radial direction. According to this defi-
nition of the radial direction, there is an infinite number of radial directions in said plane
normal to the axis of rotation of the respective shaft inse

s not excluded that other directional components are not equal 1o zero, so that

7

the at least one scraper blade orotrudes "erookedly” from the respective hase body.
Praferably, however, the other divectional components are zerc.

The term "substantially closed” means a closedness apart from any openings that
may he present to s mingy exdant, which may be more or less unavoidably presant, e.g.

due to manufacturing staps, but are nagligible. The closedness of the base body, sspe-

ciaily in the radial divection, guarantees that the sand ¢

N

aas of movament into the base body, Accordingly, the sand grains can be gulded in the

movament ranges at a defined distance from the inper wall or the caking in wrder to

guarantes a defined energy input.

in g partoularly preferred ambodiment of the device according to the invention, #t
is provided that the respective hase body is assentially in the shape of 3 rotating oylin-

der, wherein preferably as seen in the conveying direction upstream and/or down-

straam of the raspective base body @ shalt insert section tapering along the axis of rota-

tion and away from the base body adioins, in particwiar flush with, the respective bass

body. in principle, however, other shapes of the base body are aise conceivable, in
which case it is preferably the shape of a rotary body, for example 2 conical shape or the

» of g truncated cone,

v

o
%

b

[

The taper of the shaft insert section{s) is away from the respective base body,

5

which provas to be very favorable in terms of flow, This means that the particie flow or

the sand grains are continuously guided by the conical shape of the respective shaft in-

sert saction in the divection of the base body and thus into the movement ranges, and

are continuoushy gutded away from the base body again from the movement ranges

"ICJ

in principle, 8 wide variety of concrete shapes for the shaft insert sections are
conceivable. Preferably, the shaft insert sections are conical or frustoconical
The shaft insert section{s) and the base body represant different segrmernts of the
shafl insert {"shafl insart segments’)

The tapered shaft insert section{s} is/are preferably also essentially closed, at
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‘.«

feast as viewed in the radial direction. This ensures that no sand or granulated material

enters the shaft insert 0 the area of the respective shaft insert section, but can move

i can be provided that the shaft insert is sssentially closed - without restriction to the

radial divection - so that sand particles cannot enter the shaft insert, Preferably, the
shaft insert is designed as a hollow body with an interior space in order 1o save material

nich weight, Smali pressure relief openings tan be provided on the shaft insert, in part

3

ular on the base body and/or on the shaft insert section{s} that may be present, in order

10 allow air or gas that is loeated in the interior of the shafl insert and expands {or con-
fracts} due fo temperature to pass out of {or inte) the interior of the shaft insert and
thus bring about pressure egualization.

In order 1o mprove the adjustability of the expansion process, s provided in g
particularly preferred embodiment of the device according to the invention that the at
feast one scraper blade is extendabie/retractable and/or pivotabls on the respective
base body in order to be able to adjust the gap width, The extension o reduce the gap
width or the retraction 1o increase the gap width can take place with a directional com-
ponant in or against the radial direction.

The pivoting takes place in each casse about a plvot axis which is preferably paral-
fel to the longitudingd ais or the respective axds of rodation, Gther arrangaments of the

respective pivot axds, in which the gap width changes dus to the pivoting movement of

L

he respective soraper blade, are of course also concebvable.

In order to make the design of the at least one scraper blade particularly simple, it

is provided in a preferved embodiment of the davice aocording to the invention that the
at least ane scraper blade extends assentially in a straight Hne, preferably paraliebio the
omveying direction

in particudar, the respective scraper blade can extend paralisl to the longitudinal
axis of the furnace shafl or 1o the axis of rotation of the respective shaft insert,

in order to make the path that the sand or granulated material has to take
through the movement ranges particularly long and thus to be abie to carry out the
thermal treatment of the grains In the furnace shaft for 8 particularly long tme, s pro-
vided in g preferred embodiment of the davice according 1o the invention that the at

least one straper blade extends at feast in sections in & spiral or helical shape around an
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axis of rotation of the respective shaft insert. The individual seraper blade does not have
o extend completely around the axds of rotation, but can adso merely cover g substan-
tially smaller angular range than 3607,

in accordance with the above, in the case of several shaft inserts, the spiral
soraper bia n theoratically also extend spirally arcund different axes of rotation, at
feast in sections.

it should be noted that in the case of several soraper blades, both straight-line and

‘H

spivally extending straper bladss - Le. also several straisht-line and/or several spirally

1531

extending soraper blades - can be provided. The areas of movement for the sand or

granuiated material can ba designed in & correspondingly wide variety of ways.

it should be noted that, analogously to what has heen sald above, the gap width
can be made (o vary when viewed In the circumnferential divection by appropriate design
of the at least one spivally sxtending soraper blade - Le, Ina particularly preferved em-
bodiment of the device according to the invention, iUis provided that the gap width var-
fas when viewed in a cireumferential direction around a radial center of the furnace
aft. in this case, the variation of the gap width of the gap formed by the spirally ax-
tending seraper blade and the inner wall is also giver when viewed in the conveying di-
raction due to the spiral or helical shape. As mentioned, the radial center typically coin-
cides with the longitudinal axis of the furnace shaft, This means that the gap width can
vary when viewed in the creumferential divection - but alen when viewed in the convey-
ing divection - even if only a single spirally extending scraper blade s provided,

In atcordance with the above, In a preferred ambodiment of the device according
to the Invention, it is provided that, as viewed in the conveying direction, the gap width
of the gt least one gap varies, This can be realzed both with soraper blades axdending |
a straight line and with scraper bladas extending spirally at least in sactions,

in particidar, this aliows different stages of expansion to be taken into account
and the residence tmea in different sections of the furmace shaft slong the conveying -

rection o be influenced. For example, 8 continuous increase or decrease in the w

o9
]
=

width can be achieved as seen in the conveying direction.

in a preferred embodiment of the device acoording to the invention, itis provided
that the nner wall is formed by atleast ane imiting elamant, which is preferably made
of high-ternperature steel, and that the at least one shalfl insert s mads of the same ma-

tarial as the at least one Hmiting element. Said choice of materizl ensures the fulfiliment
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of the same performance reguirements for the limiting slament as for the shaft insart,

Furthermore, the same choice of material also results in the same cosfficients of ther
mal expansion, wheraly distortion due to different thermal expansion can be avoided
and a constant gap shape or gap size can be ensured.

Preferably, the furnace is constructed of one or more other materials, in particu-

far thermaily insulating materials, when viswed in the radial divection bahing the Hmit-

High-temperature steal is a well-known type of stainiess steel
On the one hand, the imiting slemeant makes it possible to snsure in a structurally
simple mannar that the materist fed into the furnace shafl cannot come into contact
with heating elements which, as viewead in the radial direction, are arranged behind the
Himiting element. On the other hand, by means of the at lnast one limiting element, a de-

stved, in particwiar arculay, cross-sectional shape of the furnace shalt can be very easily

realized as precisely gs possible and, i nacessary, adapiad for diffe applications.
The correct or suitable cholce of material for the lbmiting element allows it 1o be

used in all temperature ranges that play a role In practice without the functionality of
the limiting slement being bnpaired or even damaged, When expanding perlite or obsid-
izn, metailic materials in particuiar come into consideration. in this context, it would
also be conceivable - especially for other minerals requiring 2 higher caldining tempera-
ture - to manufacture the Hmiting element not from metal hut from another sultable
matarial, e.g. carbon 8her or {high-performance) ceramics.

As already mentioned, the shaft insert can consist of several parts or segmeants.
Thase can be assembled and disassembiled, particularly during instaliation and removal
of the shaft insert, which simplifies the respective process. This apples in particular o
the base body. Accardingly, in z particularly preferred embodiment of the device ag-
cording to the invention, it i provided that the base body is constructed from a plurality

N

of partial segmants which are de

hably connectad to one another, This enables the
base body to be assembled and disassembled without difficulty during installation and
removal. The detachable connection of the partial segments can be realized in a manner

known per se, for example by scrawing.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will now be explainad in more detall by means of exemplary am-
bodiments. The drawings are exemplary and are intended to illustrate the idea of the in-

vention, but in no way to restrict it or even to reproduce it conclusively, wherein:

Fig. & shonws a schamatio sectional view of a frst embodiment of the device ac-

cording o the nvention, whereln a longitudinal axis of 2 Turnace of the device Hes in the
sectionat plana.

Fig, 2 shows a schematic sectional view of the device from Fig. 1 from above,
wherain the sectional plane is normad to the longitudingl axis.

Fig.3 shows a schematic sectional view of 3 second embodiment of the device
according to the invention, wherein the longitudinal suds of the furnace of the device s

focated in the sectional plane.

WAYS OF CARRYING QUT THE INVENTION

Fig. T shows a fivst embodiment of 3 device according 1o the Invention for produc-
ing an expanded granulated material 2 from mineral material in the form of grains of
sandg with an expanding agent. in the exemplary embodiments shown, the mineral ma-
tarial from which the expanded granulated material 2 is produced is perlite sand 1 con-
taining bound water 28 an expanding agent.

The device comprises a furnace 3 having a substantially vertically disposed fur-
nace shaft 4, which has an upper end 5 and a lower and §, wherein batwean the two
ends &, 6 a conveying section 7 extends, which leads through several heating zones 8 ar-
ranged separately from one another in 3 convaying direction 10, The conveying divec-
fion 10 is substantially paraliel to the direction of gravity and can in principle face in the

divection of gravity or against the divection of gravity. in the exemplary embodirments

shown, the conveying divection 10 faces against the divection of gravily, Le. from the
fower end & to the upperend 5

The hesting rones 8 each have at least one heating slemeant 9 that can be con-
trofled indepandently of one ancther in order to heat the perlite sand 1to at least g orit-
ical temparature and 1o expand the perlite sand graing 1. In particudar, the heating ele-

ents § may be electrics! heating elements 8.
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Furthermore, at least one feeding means {not shown} s provided, which is

adapted to feed at least the unexpanded perlite sand 1 at one ofthe two ends 5, 6 of
the furnace shaft 4 in the direction of the other of the two ends 8, 5 of the furnace
shafl 4 into the furnace shaft 4 in order to inflate the periite sand 1, as seen in the con-
veying divection 10, in the fast half, preferably in the last third, of the conveving sea-
tion 7. In the exermplary embodiments shown, the fesding of the unexpanded perlite
sang 1 iakes place at the lower end 6 in the direction of the upper end 5, with the ex-

panded granulated material 2 exiting at the uppsr end 5. A suction nozzle (not shown)

,.‘
s
o
3

cooperating with a fan can be provided, for example, as the feeding means fo
which nozzle is connected upstream of the furnace shaft 4 and is set up to suck the un-
axpanded perlite sand 1 together with a quantity of zir at the lower and & of the furnace
shaft 4 in the divection of the upper end 5 into the furnace shaft 4. The quantity of air

theraby forms an air flow flowing from bottom o tog,

by means of which the perlite
sang 1is conveyad as a particle flow 25 from botiom 1o top along the conveying seo-
tion 7 in order 1o be expanded in the upper half, preferably in the uppermost thivd, of
the conveying section 7.

In an operating state of the device, caking 15 oy agelomeration of perlite sand 1,
some of which may already be expanded, occurs on an inner wall 13 of the furnace

shait 4.

in the Hustrated exemplary embodiments of the device scoording 1o the nven-

tion, a rotatabde shaft insert 11 s provided in sach case, which is arrangad in the furnace
shaft 4, wherein 2 drive shaft 28 of the shaft insert 11 projects from the upper end 3 of

the furm shaft insert 11 has st least one soraper blade 12, which forms at
fmast one gap 14 with the nner wall 13 of the furnace shaft 4, having o gap width 1

and is set up to remove the caking 15 arranged in the gep 14 on the inney wall 13 in seo-

tiong whan the shafl insert 11 is rotated in the operating state of the device, if 3 thick-

ness 16 of the caking 15, oF gaatar than the respactive gap width 18,

o

The gap width 18 is typically in the range of 2 wmmi o 5 mm,
This means that in the operating state of the device, when the perfite sand 1 is
oh the furnace shaft 4 and expanded therein, the gap 14 is coversad with
caking 15 within g short tirme, This caking 15 s then continunusly rermovead by means of
the at least one scraper blade 12 as the shaf insert 11 rotates. As a resull of the re-

moval, the thickness 16 of the caldng 15 is limited and remains approximately constant,
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more precisely in @ certain range around the gap width 18, This approximately constant,
approximataly uniform thickness 16 of the caking 15 guarantess an approximately con-
stant radiation intensity which can be intraduced into the furnzce shaft 4 - through the
caking 15 - by means of the heating elameants 9. The resulting approximately or substan-

fially constant energy input into the furnace shaft 4 in turn provides for a uniform ex

m-

pansion and ensures substantially throughout the operstion of the device} a substan-

tially constant expansion result, The fact that the perlite sand grains 1 in the furnace
shaft 4 move as a particle flow 25 along the conveying section 7 largely in well-defined
movemeant ranges 29 between the at least one seraper blade 12, the remaining shaft in-
sert 11 and the caking 15 also contributes 1o the uniform expanding or constant and de-
finad expansion result. Accordingly, the residence time of the perlite sand grains 1 in the
furnace shatt 4 - and thus the axpansion process or the expansion rasult - can be deter-
mrined or controlled quite pracisely,

in the illustratad exemplary embodiments, the shaft insert 11 s rotatable ina di-
rection of rotation 26 - and, optionally, also against the divection of rotation 26 - about

-
{

an axis of rotation 20 thet extends parallel to and colncides with & longlituding axis 21 of
the furnace shaft 4 and with a radisl venter 17 of the furnace shaft 4.

On the one hand, the drive shaft 28 serves to rotatably support the shafl insert 11
i the region of the upper end 5 of the furnace shatt 4, In the region of the lowsr and &
of the furnace shaft 4, the shaft insert 11 bs Boatingly mounted, for example by means of
a centering pin {not shown}, which extends slong the axis of rotation 20 and s movably
supported parallel thereto

O the other hand, drive means {not shown) may engage the drive shaft 28to ro-

tate the shaft insert 110 In the Hustrated exemplary embodimants, the drive means are

o

rrangad To rotale the shaft insert 11 at & varizble rotational speed, with the rotational

eed preferably being in the range of 0125 rpm to 3 rpm, most preferably in the range
Oof L5 rpev £0 2 rpem.
in the sxemplary embodiments shown, the shaft insert 11 has a substantially rota-

-

tonally ovlindrical base body 22 from which the at least one scraper blade 12 projects
with a directional portion paratiel to a radial divection 24, wherein the radis! divection 24
Heas in @ plane normal to the axis of rotation 20 of the sha®t nsert 11 and, starting from

the axts of rotetion 20, faces away therefrom. As viewed in the conveying divection 10, 3

respective tapering shaft insart section 23 is arranged upstream and downstream of the
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base body 22 and is flush with the base body 22, The taper is in sach case along the axis

of rotation 20 and faces away from the base body 22, The drive shaft 28 is connected 1o

the rear shaft insert section 23 as sean in the conveying direction 10,

~

The base body 22 as well a5 the shafl insert sections 23 are substantizlly closed in

shape, so that the perlite sand graing 1 cannot enter the shaft insert 11, Accordingly, the

particls flow 25 can move practically exclusively in the movement ranges 29 along the
conveying section 7, whersein the particle flow 25 is guided into and out of the move-
ment ranges 29 in a flow-promoting manner by the tapering shape of the shaft insert
sections 23, Preferably, the shaft insert 11 is hollow with an interior, wherein smatler
pressure relisf openings can be provided on the bass body 22 and/or on the shaft insert

sections 23 to allow air or gas, which iz located ip the interior of the shaft insert 11 and

sxpands {or contracts) dug to temperature, to pass out of {or inte} the interior of the

..1

3t insert 11 and thus effect pressure egqualization.

In the exemplary embodirnenis shown, the shaft insert 11 s made of the same
material as a limiting element 27 forming the inner wall 13, namely high-temperature
steel. This ansures that the shaft insert 11, just ke the inner wall 13, can easily with-
stand the temperatures that can ocouy in the operating state of the device in the fur-
race shaft 4 during expansion. Furthenmore, the same cholce of material also resulls in
the same coefficients of thermat expansion, thus avoiding distortion due to different
thermal expansion and ensuring a consistent shape or size of the gap 14, By forming the
inner wall 13 by the limiting element 27, the gaometry of the innar wall 13 or the {clear)
cross-section of the furnace shaft 4 normal to the longitudinal axis 21 can be shapedin a

well-defined manner, wherein said cross-section s substantiatly circular in the Hlustrated
exemplary ambodimants,

in the first exemplary embodiment shown in Fig, 1, four seraper blades 12 are pro-
vided which project uniformiy from the base body 22 in a radial divection 24 and are ar-

rangad one behing the other as viewed in a circumierential direction 19 around the ra-

dial centar 17, with an angular spacing between the scraper blades 12 being substan-
tially constant. The scraper blades 12 thereby extend substaptially rectilinearly and par-
alfe! to the conveying direction 10, Accordingty, there are four movamant ranges 29 ar-
ranged symmetrically sround the radist venter 17 and extending rectilinearly paraliel to

the conveying direction 10,

The gap width 28 is correspondingly sssentially constant as viewed in the
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convaying direction 10, The rotation of the shaft insert 11 oreates an annular gap be-

twean the seraper blades 12 and the inner wall 13 bounding the cireular dear aross-see-
tion of the furnacs shaft &, with the gap width 18 being essentiglly constant whan
viewead in the circurnferentizl divection 19,

Accordingly, from a purely geometric point of view, without taking into account
any turbulence that may ooour s practice, perlite sand grains 1 in the particle flow 25

can move along straight lines paraliel to the conveving divection 10 through the move-

)

ment ranges 29, in Fig. 2, sald symmetrical arrangement of the movement ranges 29 can
he seen, whereln for reasons of clarity, the particle flow 25 is only indicated in two

movermnent ranges 29,

The second exemplary embodiment, which is shown in Fig. 3, differs from the first
amplary embodiment only in the design of the soraper blades 12, Unless explicitly

stated otherwise, what has been said sbove sbout the first exemplary embodiment

-

herefore also apphes analogously to the second exemplary embodiment and will there-
fore not be repeated hers.

Ag can be seen from Fig. 3, in the second exemplary ambodiment, two scraper

blades 12 are provided which project unformiby from the base body 22 in the radial di-

raction 24 and each extend spirally about the axis of rotation 20 of the shaft insart 11,

he bwo spiral or helicat shapes of the scraper blades 12 are thereby nestad within one

Accordingly, the resulting two movernent ranges 3% also extend in 2 spiral or hell-

"

cal shape around the axiz of rotation 20, Consequently, when the perlite sand grains 1

move through the movement ranges 29 in the particle flow 25, they must abso follow the

(f

respactive spiral or helical shaps, which - from & purely geometrical point of view - re-

sulls in a stgnificantly longer path for the periite sand grains 1 through the furnace

f‘t

shafl 4 compared to the first exemplary embodiment. The thermal treatment of the per-

Hie sand grains §in the furnace shaft 4 can therefore be comparatively longer and thus

gven more precise in order to further cplimize the sxpansion result.
it chould also be noted that in the second exemplary embodiment shown, the gap

th 28 is alsoe essentially constant when viewad in the conveying direction 10, Like-

jo R

wi
wise, the rotation of the shaft nsert 11 creates an annular gap between the soraper
blades 12 and the inner wall 13 delimiting the circular clear cross-section of the furnace

shafl 4, with the gap width 18 being substantiaily constant whean viewed in the
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Finally, it should be noted that in the second exemplary embodiment, the choice
of the direction of rotation 26 offers a further possibility 1o influence the residence time
of the periite sand grains 1 in the furnace shaft 4 and thus the expansion rasult, i, in

ig. 3, the divection of rotation 28 in interaction with the

s

by

specific scraw 2 is such that the divection of movermnent

corresponding sarew zlong the axis of rotation 26 Is opposiie to the conveying divection
3, this can effectively reduce the path of the perlite sand grains 1 again. In fact, in
puraly theoratical terms, t would then be conceivable that with the "correct” rotational
spead and the corract flow velooty, 3 Hnesr movement of the parlite sand grains 1 ip
the particle flow 25 parallel to the conveying direction 10 could practically result. Con-

!

versaly, in the second exemplary embodiment, the divection of rotation 26 shown in

Fig. 3 leads to an extansion of the residence time, since a spival or helicad partiche flow 25
is forced.

A further aspect concerning the direction of rotation 26 is that, given the specific
helical geometry of the scraper blades 13, this determines whethaer the caking 15 is pri-
marily scraped off on a top side of the blade or on g bottom side of the blade, whersin

in Fig. 3 the bottom side of the blade Is in front of the top side of the blade 10 a5 viewed

i the conveying divection 10, Preferably, as shown in Fig. 3, the direction of rotation 268

by
e

s sefacted in such a way that the underside of the hlade assumes the stripping function,
since the caking 15 then does not remain on the respective stripping blade 12 due 1o the
force of gravity, but is transterrad 1o the alr How and is discharged together with the ex-

panded granulated material 2.

LISTOF REFERENCE NUMERALS

5 Upper and of the
& Lowsr and of the furnace shaft

7 Corveying section
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Heating zone
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Carveying direction
Shaft insert

Seraper blade

inner wall of the furnage shaft

Caking

Caking thickness

Hadial canter of the furnace shaft
Gap width

Circumferential direction

Axis of rotation

Longitudinal axis of the furnace shaft
Base body

Tapering shaft insert section
Radial divection

Particle flow

Diraction of rotation

Lirniting element

Drive shaft

Movament range
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Patentkrav

1. Apparat til fremstilling af et ekspanderet granulat (2) af sandskornformigt,
mineralsk materiale (1) med et drivmiddel, f.eks. til fremstilling af et ekspanderet
granulat (2) af perlit- (1) eller obsidiansand med bundet vand som drivmiddel,
hvilket apparat omfatter en ovn (3) med en i det vaesentlige lodret stdende
ovnskakt (4), der har en gvre ende (5) og en nedre ende (6), idet der mellem de
to ender (5, 6) forlgber en transportstraekning (7), idet der endvidere er
tilvejebragt mindst et tilfgrselsmiddel, der er indrettet til at tilfgre i det mindste
det uekspanderede materiale (1) ind i ovnskakten (4) ved en af ovnskaktens (4)
to ender (5, 6) i retning mod den anden af ovnskaktens (4) to ender (6, 5) for at
ekspandere materialet (1) i den sidste halvdel, fortrinsvis i den sidste tredjedel, af
transportstraekningen (7) set i en transportretning (10), idet der er tilvejebragt
mindst en drejelig skaktindsats (11), der i det mindste i afsnit er anbragt i
ovnskakten (4) og har mindst en afstrygerklinge (12), der sammen med en
indervaeg (13) i ovnskakten (4) danner mindst en spalte (14), der har en
spaltebredde (18), og er indrettet til ved drejning af den mindst ene skaktindsats
(11) i en driftstilstand af apparatet at fjerne kagedannelser (15) pa indervaeggen
(13) i afsnit, ndr en tykkelse (16) af kagedannelserne (15) er stgrre end den
pagaeldende spaltebredde (18),
idet den mindst ene skaktindsats (11) kan drejes om mindst en
omdrejningsakse (20), der forlgber parallelt med en laengdeakse (21) i
ovnskakten (4), idet den mindst ene omdrejningsakse (20) fortrinsvis
falder sammen med laengdeaksen (21),
kendetegnet ved, at transportstraekningen (7) fgrer gennem flere, i
transportretningen (10) fra hinanden adskilt anbragte varmezoner (8),
hvilke varmezoner (8) hver isaer har mindst et uafhangigt af hinanden
styrbart varmeelement (9) for at opvarme materialet (1) i det mindste til
en kritisk temperatur og ekspandere sandskornene (1),
og at den mindst ene skaktindsats (11) hver isaer har en hoveddel (22), fra
hvilken den mindst ene afstrygerklinge (12) stikker frem med en
retningsandel parallel med en radial retning (24), idet den radiale retning
(24) ligger i et plan normalt p3 den pageeldende skaktindsatses (11)
omdrejningsakse (20) og fra den pagaeldende omdrejningsakse (20) peger
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veek fra denne, idet den pageeldende hoveddel (22) i det mindste set i
radial retning (24) i det vaesentlige er lukket.

2. Apparat ifglge krav 1, kendetegnet ved, at den mindst ene skaktindsats (11)
er monteret drejeligt i omradet ved ovnskaktens (4) gvre ende (5), idet den
mindst ene skaktindsats (11) fortrinsvis er monteret svgmmende i omradet ved
ovnskaktens nedre ende (6).

3. Apparat ifglge et af kravene 1 til 2, kendetegnet ved, at den mindst ene
skaktindsats (11) har flere, fortrinsvis hgjst otte, seerlig foretrukket to til fire,
afstrygerklinger (12).

4. Apparat ifglge krav 3, kendetegnet ved, at mindst to af afstrygerklingerne
(12) er anbragt bag ved hinanden set i en omkredsretning (19) rundt om et
radialt centrum (17) i ovnskakten (4).

5. Apparat ifglge et af kravene 3 til 4, kendetegnet ved, at mindst to af
afstrygerklingerne (12) sammen med indervaeggen (13) danner spalter (14) med
forskellige spaltebredder (18).

6. Apparat ifglge et af kravene 1 til 5, kendetegnet ved, at der er tilvejebragt
mindst et drivmiddel til drejning af den mindst ene skaktindsats (11) med en
variabel omdrejningshastighed, idet det mindst ene drivmiddel er indrettet til at
indstille omdrejningshastigheden fortrinsvis i omradet fra 0,125 opm til 3 opm,
seerlig foretrukket i omrédet fra 0,5 opm til 2 opm.

7. Apparat ifglge et af kravene 1 til 6, kendetegnet ved, at den pagaeldende
hoveddel (22) i det veaesentlige er rotationscylindrisk, idet et skaktindsatsafsnit
(23), der indsnaevres langs omdrejningsaksen (20) og bort fra hoveddelen (22),
fortrinsvis fgr og/eller efter den pdgaeldende hoveddel (22) set i
transportretningen (10), stader op til og isaer flugter med den.

8. Apparat ifglge et af kravene 1 til 7, kendetegnet ved, at den mindst ene
afstrygerklinge (12) er anbragt pd den p3gaeldende hoveddel (22), sa den kan
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skydes ud/ind og/eller svinges for at kunne indstille spaltebredden (18).

9. Apparat ifglge et af kravene 1 til 8, kendetegnet ved, at den mindst ene
afstrygerklinge (12) i det vaesentlige forlgber retlinet, fortrinsvis parallelt med
transportretningen (10).

10. Apparat ifglge et af kravene 1 til 9, kendetegnet ved, at den mindst ene
afstrygerklinge (12) i det mindste i afsnit forlgber spiralformigt eller skrueformigt
om en omdrejningsakse (20) for den pdgaeldende skaktindsats (11).

11. Apparat ifglge krav 10, kendetegnet ved, at spaltebredden (18) varierer set
i en omkredsretning (19) rundt om et radialt centrum (17) i ovnskakten (4).

12. Apparat ifglge et af kravene 1 til 11, kendetegnet ved, at den mindst ene
spaltes (14) spaltebredde (18) varierer set i transportretningen (10).

13. Apparat ifglge et af kravene 1 til 12, kendetegnet ved, at indervaeggen (13)
er dannet af mindst et begraensningselement (27), der fortrinsvis er fremstillet af
hgjtemperaturbestandigt stil, og at den mindst ene skaktindsats (11) er

fremstillet af samme materiale som det mindst ene begraensningselement (27).



- N

1/3

23115

DK/EP 4089355 T3

Fig. 1




DK/EP 4089355 T3

2/3

> Fig. 2

19,28

s A7,20, 21




DK/EP 4089355 T3

3/3

Fig. 3

e it

e S

A AT AT AT A AT AT A A A

P

.. SIAET
idgbraittad




	Page 1 - ABSTRACT/BIBLIOGRAPHY
	Page 2 - ABSTRACT/BIBLIOGRAPHY
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - CLAIMS
	Page 24 - CLAIMS
	Page 25 - CLAIMS
	Page 26 - DRAWINGS
	Page 27 - DRAWINGS
	Page 28 - DRAWINGS

