CA 2362028 C 2009/01/20

Office de la Proprieté Canadian
Intellectuelle Intellectual Property
du Canada Office (11)(21) 2 362 028
Un organisme An agency of 12 BREVET CANADIEN
'Industrie Canada ndustry Canada
CANADIAN PATENT
13) C
(22) Date de depot/Filing Date: 2001/11/09 (51) CLInt./Int.Cl. BO71J 79/28 (2006.01),
. A - - . BO1J 8/70(2006.01), F27B 7/20(2006.01),
(41) Mise a la disp. pub./Open to Public Insp.: 2002/05/13 F27D 23/02(2006.01)
(45) Date de délivrance/lssue Date: 2009/01/20 _
(72) Inventeurs/Inventors:
(30) Priorites/Priorities: 2000/11/13 (DE200 19 276.0); RAICHLE, PETER H., DE:
2000/11/13 (DE200 19 275.2) MAI WOLFGANG, DE;

WERNER, HARRY F., DE;
VANGILBERGEN, GASTON F.V., DE

(73) Proprietaire/Owner:
VTA VERFAHRENSTECHNIK UND

AUTOMATISIERUNG GMBH, DE
(74) Agent: GOWLING LAFLEUR HENDERSON LLP

(54) Titre : TAMBOUR ROTATIF A CORPS ROULANT
(54) Title: ROTARY DRUM WITH ROLLING BODY ARRANGEMENT

W R R W TR S W R WA R W S W R Y E W R W W, W W wh T W W . R Y

7

AN £
L AN
VIELS S F ST IS L LSS

Nosarerrrs, -
SRR

i A7 A A g o A
\-\'\\\\\ wh "

%
D
\Q.
N
N
X
N
N
N
N

L 4

—_— ‘ i e
= -Illlf.ll?

yasa,

f'l

. -
ny

L. RS RN
AT S ES S
5 SENERAGAY ¢ -

(A L LA LT PP IV PRI PLA |

e ST TyTsS.
.‘5‘1“'5/-'.’
v 3/
V] ——

iy r | i . e e .. -
e . — > u" e
vERABDBIATIRATRIAERTETTRT RS e % Y S 2 RS S S S S S ARARYST RS YANNYSTANAS S

(57) Abrégée/Abstract:
A rotary drum (10) for carrying out chemical processes at elevated temperatures, e.g., carbonization processes, comprises a) a

rolling body arrangement (12) for cleaning the interior of the drum, b) a stationary feed end (14) for the material to be treated, c) a
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(57) Abrege(suite)/Abstract(continued):

mounting device (16) for the rolling body arrangement (12) on the feed end (14) of the rotary drum (10), and d) a rotary bearing
(18) that allows the rolling body (12A) to roll on the inner side of the rotary drum wall (10C) and connects the rolling body (12A) to
the mounting device (16). A better cleaning result is achieved by use of an oblong scraping device (20) which Is arranged between
the mounting device (16) and said rotary bearing (18), whereln said scraping device (20) Is mounted on the mounting device (16)
such that it Is able to carry out a pendulum motion in at least one direction, but unable to turn about itself, or such that it is able to
carry out a pendulum fashion motion, but unable to turn about itself, and wherein the end of the scraping device on the side of said
rotary bearing Is connected to said rotary bearing (18) in such a way that it Is able to carry out a pendulum motion In at least one
direction (coordinate).
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Abstract

A rotary drum (10) for carrying out chemical processes at elevated tempera-

tures, e.g., carbonization processes, comprises

a) a rolling body arrangement (12) for cleaning the interior of the drum,

b) a stationary feed end (14) for the material to be treated,

C) a mounting device (16) for the rolling body arrangement (12) on the feed
end (14) of the rotary drum (10), and

d) a rotary bearing (18) that allows the rolling body (12A) to roll on the In-
ner side of the rotary drum wall (10C) and connects the rolling body
(12A) to the mounting device (16).

A better cleaning result is achieved by use of an oblong scraping device (20)

which is arranged between the mounting device (16) and said rotary bearing

(18), wherein said scraping device (20) is mounted on the mounting device (16)

such that it is able to carry out a pendulum motion in at least one direction, but

unable to turn about itself, or such that it is able to carry out a pendulum fash-

ion motion, but unable to turn about itself, and wherein the end of the scraping

device on the side of said rotary bearing is connected to said rotary bearing

(18) in such a way that it is able to carry out a pendulum motion in at least one

direction (coordinate).
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ROTARY DRUM WITH ROLLING BODY ARRANGEMENT

The invention pertains to a rotary drum with a rolling body arrangement ac-
cording to the preambie of Claim 1.

Rotary drums of this type are primarily used in chemical processes that are, in
particular, carried out at elevated temperatures, e.g., carbonization processes.
In this case, the operating temperatures in the interior of the drum that is exter-
nally heated in most instances may lie on the order between 600°C and 850°C.
Naturally, the operating temperatures may also be higher or lower. So-called
rolling bodies are used for continuously removing deposits that are caked, en-
crusted or the like on the interior of the rotary drum, wherein said rolling bodies
roll on the interior of the rotary drum due to its rotation and entirely or partially
remove or prevent an extensive built-up of such deposits on the inner wall of
the rotary drum with cleaning strips provided on the outside of the rolling bod-
ies.

In the rotary drum known from DE 27 39 148 C3, some oblong scraping de-
vices are coupled at distances one behind the other by chains. This allows

pendulum movements only, but no rolling/rotating cleaning movements for any
of the scraping devices.

In the rotary drum known from WO 9839611, which is internally cleaned by
means of rolling bodies, the typically non-cylindrical and cylindrical inner wall
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regions of the feed end of a rotary drum are cleaned with a combination of
rolling bodies, the cleaning surfaces of which are arranged at an angle relative
to one another. This cleaning arrangement is preferably realized in the form of
several successively coupled rolling bodies that are equipped with a ball joint
on their ends that are situated on the feed side in order to aliow the rolling mo-
tion. However, practical tests demonstrated that these cleaning arrangements
can be additionally improved in order to achieve a superior cleaning of the ro-
tary drum interior in the end region on the feed side and a long service life of
the rolling body bearings, preferably such that the maintenance intervals at
least correspond to or exceed the typical downtimes of the rotary drum. Also,

these tests have demonstrated that ball joints of this type do not have a satis-
factory service life.

Based on the above-mentioned circumstances, the invention is based on the
objective of additionally improving the cleaning of the inner wall in the feed re-
gion in rotary drums of this type. According to another objective, the invention,
aims to ensure a low-maintenance operation of the cleaning devices in rotary
drums of the initially described type and, in particular, to improve the service
life of the bearings used for the cleaning bodies.

According to the invention, this objective is attained with a rotary drum that is
realized in accordance with the features of Claim 1. The invention is based on
the notion that the cleaning of the inner rotary drum wall can only be carried
out in a truly efficient fashion in the region situated directly adjacent to the sta-
tionary feed end and in the ensuing region if an oblong scraping device Is ar-
ranged between the pivot (rotary) bearing of the rolling body which rolls on the
inner rotary drum wall, and the mounting device for the rolling body at the end
wall on the feed side, wherein the oblong scraping device i1s able to carry out a
pendulum motion, but unable to turn about itself. Due to this solution, the roll-
ing body is provided with a substantial freedom of motion and constantly
moved in the rotating direction by the rotating rotary drum in a particularly ef-
fective fashion, whereafter the rolling body rolls back in the direction of the ro-
tary drum bottom. In this case, the rolling body carries out a significant pendu-
lum motion transverse to the axis of the rotary drum. This resuits in a signifi-
cantly improved transmission of power and motion on the end of the oblong
scraping device which is situated distant from the feed side. This means that
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the scraping device carries out a very intense pendulum motion, during which
the scraping device exerts correspondingly high cleaning forces upon the criti-
cal feed region of the rotary drum with its scraping strips. The arrangement ac-
cording to the invention improves the cleaning effect in the feed region, as well
as in the axial region of the rotary drum situated directly adjacent thereto, i.e.,
in the regions of the rotary drum in which the risk of deposits becoming caked
and encrusted on the inner wall of the rotary drum is particularly high. The in-

vention also makes it possible to withstand process temperatures up to
1150°C.

According to a further aspect of the invention, the objective is attained with a
rotary drum that is realized in accordance with the features of Claim 7. It was
recognized that a separation of axially and radially stressed bearing surface

regions significantly improves the mobility of rolling and/or scraping cleaning
bodies.

In order to also achieve the desired low-maintenance operation of the cleaning
body bearings when carrying out chemical processes in the rotary drums at
elevated temperatures, e.g., the carbonization of various substances such as
oil residues, coal-tar asphaltums, chemical and other wastes and residues, the
invention proposes to manufacture the coatings, linings or bearing bushings
arranged between the axial and radial bearings surfaces of a self-lubricating
material that is resistant to high temperatures and/or corrosion.

The invention makes it possible to achieve a significantly improved mobility of
the cleaning bodies which results in a superior cleaning effect and a substan-
tially longer service life of the cleaning body bearings-namely also at elevated
temperatures of, for example, between 600°C and 850°C such as occur during
carbonization process in rotary drums. In addition to using graphite as the
bearing coating, metal-impregnated graphite bearings, special graphite bear-
ings or ceramic bearings may, in particular, be considered for this purpose, - as
well known in the art per se. The hinge bearings and pivot bearings according
to the invention may be designed such that sliding speeds up to approximately
10 m/s and specific surface loads up to approximately 3 N/mm’® can be toler-
ated. In this case, an excellent rotary motion, sliding motion and/or pivoting or
pendulum motion of the cleaning bodies can be permanently ensured. The in-
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vention also makes it possible to withstand process temperatures up to
1150°C. Further improvements are specified in subclaims 2 to 6 and 8 to 11.

The aforementioned components, as well as the claimed components and the
components to be used in accordance with the invention in the described em-
bodiments, are not subject to any special exceptions with respect to their size,
shape, material selection and technical concept such that the selection criteria
known In the pertinent field can be applied without limitations.

Additional details, characteristics and advantages of the object of the invention
are disclosed in the subclaims and the following description of the respective
figures - which in an exemplary fashion - show one preferred embodiment of

the rotary drum according to the invention with a scraping body/cleaning body
combination.

The figures show:
Figure 1 a longitudinal section through part of a rotary drum;

Figure 2 a top view of a combined rolling body and scraping body ar-
rangement for the rotary drum 10 according to Figure 1 in three
operating positions (0°, 10° and 20°);

Figure 3 a simplified perspective representation of the scraping device ac-
cording to Figure 1 and Figure 2;

Figure 4 an enlarged detail of the rolling body/scraping body combination
according to Figures 1-3 in the form of an axial section;

Figure 5 a detail of a universal joint of the scraping device according to
Figures 1 and 2 in the form of an axial section through one of the
two bearing journals, and

Figure 6 an enlarged detail of the mounting device of the rolling
body/scraping body combination according to Figure 1 in the form
of an axial section.
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Figure 1 shows a rotary drum 10 for carrying out chemical processes at ele-
vated temperatures, e.g., carbonization processes. This rotary drum has a cy-

lindrical region 10A and a conical region 10B on the end situated on the feed
side.

A rolling body arrangement 12 for cleaning the interior of the drum consists of a
slightly conical rolling body 12A with cleaning elements 12B on the outer sides.
The stationary feed end 14 of the rotary drum 10 is provided with a mounting
device 16 that is connected to the feed end 14 in a non-rotationally rigid fash-
ion and serves for holding the rolling body arrangement 12 at a distance from
the feed end 14. A pivot (rotary) bearing 18 that is connected to the mounting
device 16 with one end and to the rolling body arrangement 12 with the other
end makes it possible for the rolling body 12A to roll along the inner circumfer-

ence of the rotary drum 10 that rotates about its longitudinal axis, i.e., along the
rotary drum wall 10C.

An oblong scraping device 20 is inserted between the mounting device 16 and
the rotary bearing 18. In the preferred embodiment shown in Fig. 1 and Fig. 3,
this scraping device consists of a cylindrical scraping body 20A with two
scraping strips 20B, 20C that are asymmetrically distributed over the circum-
ference and essentially aligned parallel to the scraping body. The scraping de-
vice 20 is mounted on the mounting device 16 such that it is able to carry out a
pendulum motion, but unable to turn about itself. This pendulum motion is
achieved with a first cardan or universal joint 22A with offset crossheads that
are described in greater detail below with reference to Figure 5. On its end on
the side of the pivot bearing, the scraping device 20 is connected to the rotary
bearing 18 such that it is able to carry out a pendulum motion in at least one
direction. A universal joint 22B that is comparable to the universal joint 22A is
used for this purpose. These two universal joints respectively ensure a pivoted
connection similar to a cardan joint between the scraping device 20 and the
mounting device 16 and between the scraping device and the rotary bearing
18, namely in the horizontal and the vertical direction. Due to these measures,
it is possible to move the rolling body arrangement 12 by a certain distance in
the rotating direction of the rotating rotary drum due to the friction between the
rolling body 12A and the inner rotary drum wall 10C, whereafter the rolling
body arrangement - as being allowed by said rotary bearing 18 between its end
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face 12C and said universal joint 22B - rolls in the direction of the rotary drum
bottom opposite to the rotational movement of the rotary drum due to the in-
cline toward the rotary drum bottom. However, this movement only rarely oc-
curs axially parallel to the rotary drum - not only because of the one-sided con-
nection of the rolling body to the feed end 14. Since the rolling body 12A wid-
ens toward the feed end in a slightly conical fashion, its end on the feed side
moves opposite to the rotating direction of the rotary drum 10 and its other end
moves in the rotating direction (due to dragging). Since the rolling body is
slightly moved by the rotary drum, the rolling body end on the feed side with
the pivot bearing 18 arranged at this location is subjected to a lateral excursion

opposite to the rotating direction of the rotary drum from its idle position in the
drum bottom.

Due to this excursion, the end of the scraping device 20 on the side of the roll-
ing body and the universal joint 22B arranged at this location may, under cer-
tain circumstances, carry out a very significant pendulum motion referred to the
end of the scraping device 20 that is held by the mounting device 16 on the
feed end 14. The utilization of the two universal joints causes the scraping
bodies 20A and the scraping strips 20B and 20C to carry out a pure pendulum
motion along the inner wall surface of the conical rotary drum region 108, i.e.,
without turning about the longitudinal axis of the scraping body 20A. These cir-
cumstances are illustrated in Figure 2 by straight and circular arrows 24A and
24B. In addition to the 0° position of the scraping device 20 and the rolling
body arrangement 12, this figure also shows the 10° position and the 20° posi-
tion of the scraping device and the rolling body arrangement referred to the
straight idle position (0° position) in the rotary drum bottom.

As shown in Fig. 4 in more detail: In order to largely separate the pendulum
motion of the scraping device 20 from the rolling motion of the rolling body ar-
rangement 12, the rotary bearing 18 consists of a cantilever pin 26 with axial
bearing surfaces 26A and radial bearings surfaces 26B. For this purpose, the
cantilever pin 26 has a cylindrical shape and carries a circumferential flange-
like collar 26C in its central region, wherein plane ring surfaces are arranged to
both sides of the collar. The cantilever pin 26 is surrounded by a bearing cage
28 with axial bearing surfaces 28A and radial bearings surfaces 28B which cor-
respond to the bearings surfaces 26A and 26B of the cantilever pin 26. A sim-
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ple assembly of the bearing cage and the cantilever pin is ensured due to the
segmented design of the bearing cage and the use of connecting screws 30 for
the cage segments. This type of rotary bearing is of own inventive merit.

In order to also ensure sufficiently long maintenance intervals of the rotary
bearing at the typically high operating temperatures for various carbonization
processes, self-lubricating linings 32A and 32B that are resistant to high tem-
peratures are arranged between the cooperating bearing surfaces 26A/28A
and 26B/28B. These linings preferably have the shape of annular disks or pipe
sections. However, they may also be arranged in the form of segments be-
tween the bearing surfaces, in particular, at a distance from one another.
Bushings 34 and fitting elements 36 make it possible to compensate dimen-
sional tolerances of the linings relative to the bearings surfaces. This type of
rotary bearing is of own inventive merit as well.

The cantilever pin 26 that may be directly screwed into the center of the end
face 12C of the rolling body arrangement 12 in a rotationally rigid fashion is
preferably surrounded and carried by a frame or, as illustrated in the particu-
larly preferred embodiment according to Figure 4, a housing 38. This frame or
housing also surrounds the bearing cage 28 and protects the rotary bearing 18
from becoming soiled by means of a labyrinth seal 38A. On the free end of the
cantilever pin 26, the pivot bearing cage 28 that is realized similar to a housing
is closed and directly connected to the universal joint 22B.

The two universal joints 22A and 22B are designed analogous to the one uni-
versal joint half shown in Figure 5. The interconnected pivot pins 40A and 40B
that - at a distance - extend orthogonally to one another respectively protrude
from their connecting arm 40C on both sides. Their outer circumference forms
cylindrical, radial bearing surfaces that are surrounded by linings 42 of a self-
lubricating material that is resistant to high temperatures, namely similar to the
radial bearings of the rotary bearing 18. Housing caps 44 and bushings 46
promote a precisely fitted assembly and long maintenance intervals of the drag
bearings (universal joints 22A and 22B).
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Claims:

Rotary drum (10) for carrying out chemical processes at elevated tem-
peratures, e.g., carbonization processes,

a) with a rolling body arrangement (12) for cleaning the interior of the
drum,

b) with a stationary feed end (14) for the material to be treated,

c) with a mounting device (16) for the rolling body arrangement (12) on
the feed end (14) of the rotary drum (10), and

d) with a rotary bearing (18) that allows the rolling body (12A) to roll on
the inner side of the rotary drum wall (10C) and connects the rolling
body (12A) to the mounting device (16),

characterized by

the fact that an oblong scraping device (20) is arranged between the
mounting device (16) and said rotary bearing (18), and by the fact that
sald scraping device (20) is mounted on the mounting device (16) such
that it is able to carry out a pendulum motion in at least one direction,
but unable to turn about itself, or such that it is able to carry out a pen-
dulum fashion motion, but unable to turn about itself, wherein the end of
the scraping device on the side of said rotary bearing is connected to

said rotary bearing (18) in such a way that it is able to carry out a pen-
dulum motion in at least one direction (coordinate).

Rotary drum according to Claim 1, characterized by the fact that said
pendulum motion of said scraping device (20) is realized by means of at
least one hinge or swivel bearing arrangement, e. g., cardan or univer-
sal joint (22A; 22B) containing pivot pins (40A; 40B).

Rotary drum according to Claim 2, characterized by the fact that said
hinge or swivel bearing arrangement between said scraping device (20)
and said rolling body arrangement (12) allows for said pendulum move-
ments only, and by the fact that only said rotary bearing (18) allows for
the rolling body arrangement (12) to turn about the rolling body axis.
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Rotary drum according to one of the Claims 1 to 3, characterized by the
fact that self-lubricating linings or bearing bushings (32A; 32B; 42) are
arranged between the cooperating bearing surfaces of said rotary bear-
ing (18) or of the at least said one universal joint (22A; 22B) or of both.

Rotary drum according to one of the Claims 1 to 4, characterized by the
fact that linings or bearing bushings (32A; 328, 42) consisting of a mate-
rial that is resistant to high temperatures are arranged between the co-
operating bearing surfaces of said rotary bearing (18) or of the at |east
said one universal joint (22A, 22B) or of both.

Rotary drum according to one of the Claims 1 to 5, characterized by the
fact that linings or bearing bushings (32A, 32B, 42) consisting of a mate-
rial that is resistant to corrosion are arranged between the cooperating
bearing surfaces of said rotary bearing (18) or of the at least said one
universal joint (22A,; 22B) or of both.

Rotary drum (10) for chemical processes that are carried out at elevated
temperatures, e.g., carbonization processes,

a) with a rolling body arrangement (12) for cleaning the interior of the
drum,

b) with a stationary feed end (14) for the material to be treateq,

c) with a mounting device (16) for the rolling body arrangement (12) on
the feed end (14) of the rotary drum (10), and

d) with a rotary bearing (18) that allows the rolling body (12A) to roll on
the inner side of the rotary drum wall (10C) and connects the rolling

body (12A) to the mounting device (16), particularly according to one of
the claims 1t0 6

characterized by

the fact that said rotary bearing (18), as well as optionally provided
hinge or swivel bearings, e.g., cardan or universal joints (22A; 22B),
contain coatings, linings or bearing bushings (32A; 32B; 42) consisting
of a self-lubricating material that is resistant to high temperatures and/or

corrosion, wherein said coatings, linings or bearing bushes are having a
cylindrical shape and/or the shape of an annular disk and are arranged

-~ between cooperating bearing surfaces (26A, 28A, 26B; 28B; 40A/B; 44)
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of said rotary bearing (18) as well as of said hinge or drag bearings
respectively.

Rotary drum according to Claim 7, characterized by the fact that the
coatings (32A, 32B; 42) consist of pure graphite, carbon-graphite, metal-
iImpregnated graphite (e.g., with antimony, copper, bronze, nickel, silver,
etc.) or of a ceramic material, e.g., silicon carbide, etc.

Rotary drum according to Claims 7 or 8, characterized by the fact that at
least one cardan or universal joint (22A; 22B) is assigned to the rotary
bearing (18).

Rotary drum according to one of the Claims 1 to 9, characterized by the
fact that said rotary bearing (18) contains a cantilever pin (26) with axial
and radial bearings surfaces (26A; 26B) and a bearing cage (28) that
surrounds the cantilever pin (26) and has corresponding axial and radial
bearings surfaces (28A, 28B) for the cantilever pin (26).

Rotary drum according to Claim 10, characterized by the fact that the
cantilever pin (26) is carried by a frame or housing (38) that surrounds
the cantilever pin and the bearing cage (28).
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