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1

WIPED THIN FILM EVAPORATION AND
’ TREATMENT APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to a new and improved
thin film treatment apparatus for the treatment or han-
dling of viscous materials.

There are already known to the art different thin film
treatment apparatus having a rotationally symmetrical
treatment chamber and a rotor arranged in such treat-
ment chamber. Means are provided at the rotor of such
apparatus which distribute into a thin layer the material
to be treated and introduced into the treatment
chamber upon the inner wall of such treatment
chamber and sumultaneously impart to such material a
displacement component directed towards the outlet or
discharge connection of the equipment.

According to a known construction of thin film
evaporator of this type the rotor possesses essentially a

centrally- disposed shaft member upon ‘which there is

arranged a spiral or helix' possessing large pitch.
Between the ‘spiral there ‘are mounted upon ‘the shaft
member in the direction of rotation, and offset through
180°, vane stubs which mutually. overlap in the axial
direction and which exténd axially. Both the spiral as
well ‘as the vane studs extend up to the region of the
inner wall of the treatment chamber. During operation
of this thin film evaporator, the material introduced
into the treatment chamber is contacted by the spiral
and spread in the form of a thin layer upon the treat-
ment wall. The vane stud following the spiral only per-
forms a smoothing action upon the surface of the thin
film.

This apparatus possesses the primary disadvantage
that as soon as the treatment wall is covered with a thin
layer of the material to be treated, the surplus material
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is practically conveyed by the spiral in a single thrust

through the tréeatment chamber. It should be apparent
that such excess material is subjected to a shorter treat-
ment time, and therefore, experiences a less intensive
heart treatment than that material which :has been
deposited upon the treatment wall. Hence, the material
discharging from the treatment chamber does not pos-
sess any uniform properties.

A further considerable drawback of this thin film
evaporator resides in the fact that the throughflow
velocity of the material engaged by the spiral is directly
proportional to the rotational speed of the rotor.

Since the treatment temperature as well as also the
duration of treatment is relatively fixed for a predeter-
mined material and, as a general rule, must be main-
tained within narrow limits, the speed of rotation must
be coordinated to this predetermined treatment time.
Therefore, it is not possible to accommodate the speed
of rotation to other factors, which for instance in-
fluence the treatment intensity or the uniformity of the
product.

It is known that viscous liquids which exhibit
rheological -properties, experience a reduction of the
viscosity in suitable thin film treatment apparatuses,
which is desirable for different reasons. This
phenomena results in the presence of shearing stresses
which occur upon wiping the viscous liquid between
the wall of the treatment chamber and thé wiping ele-
ment, for instance the vane or wiper element. The mag-
nitude of these shearing stresses and, therefore, also the
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reduction of the viscosity, among other things, is also
dependent upon the speed of rotation of the rotor.
Now, if the rotational speed of the rotor is already
determined by virtue of other factors, then utilization

of these rheological properties cannot occur in op-
timum fashion.

SUMMARY OF THE INVENTION

Accordingly, it is a primary objective of the present
invention to provide a new and improved thin film
treatment apparatus which effectively overcomes the
aforementioned drawbacks of the known thin film
treatment apparatuses. .

Another, more specific object of the present inven-
tion relates to an improved thin film treatment ap-
paratus which effectively treats the material undergo-

ing processing in an efficient, reliable and satisfactory
manner, resulting in a uniform product.

Still another significant object of the present inven-
tion relates to an improved thin film treatment ap-
paratus which is relatively simple in construction, ex-
tremely reliable in operation, not readily subject to
breakdown, and extremely. efficient in carrying out

proper treatment of a material according to desired
processing conditions.

Now, in order to implement these and still further
objects of the invention, which will become more readi-
ly apparent as the description proceeds, the inventive -
thin film treatment apparatus possesses material con-
veying means which are formed from a number of vane
stubs which are arranged in at least one axial row,
wherein the confronting ends of neighboring vane
stubs, viewed in axial direction, are spaced from one
another and, in each instance, form a respective gap.
Furthérmore, the wiper means are offset in trailing
fashion in the direction of rotation of the rotor with
respect to the row of vane studs through an angle which
is less than 90° and at least partially bridge the gaps
between neighboring vane stubs.

Due to the fact that the conveying means, instead of
being formed as a continuous spiral, now consist of a
plurality of vanes, there is prevented that the material
to be treated is conveyed through the apparatus
without experiencing any residence time upon the
treatment chamber walls. Quite to the contrary, the
conveying, distribution and treatment of the material
occurs stepwise and alternatingly. This results from the
fact that the material conveyed by one vane cannot ar-
rive in the operable region of a successive vane in the
discharge direction, before this material has been con-
tacted and treated by the wiper means.

Since the wiper means directly trail or follow the
vanes during the rotation of the rotor, the wiper means
act upon the collected material which forms at the
discharge end of each vane, and specifically, before this
collection of material has flown away under the in-
fluence of the force of gravity. The wiper blade mem-
bers therefore act extremely intensively upon the
material which has accumulated. Therefore, the admix-
ing of the material upon the wall of the treatment
chamber is intensified and the distribution of this
material upon such wall is improved.
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BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and objects
other than those set forth above, will become apparent
when consideration is given to the following detailed
description thereof. Such description makes reference
to the annexed drawings wherein:

FIG. 1 is a schematic illustration in elevational view
of a preferred embodiment of inventive thin film treat-
ment apparatus;

FIG. 2 is a cross-sectional view of the thin film treat-
ment apparatus depicted in FIG. 1, taken substantially
along the line II—1II thereof:,

FIGS. 3-5 inclusive show in enlarged views three
further respective constructions of the inventive ar-
rangement of the wiper blade elements.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Describing now the drawings, the exemplary embodi-
ment of thin film treatment apparatus .10 depicted in
FIG. 1 will be seen to comprise an essentially vertically
arranged, rotationally symmetrical treatment chamber
12. An inlet connection 14 is provided at the chamber
wall 12q at the upper end of the treatment chamber 12
and at the lower end thereof, coaxially with respect to
such treatment chamber, there is provided the outlet or
discharge connection 16. This outlet connection 16 is
operatively connected with the treatment chamber 12
by means of an associated conical member 18. Con-
tinuing, it will be understood that the treatment
chamber 12 is encircled or surrounded by a suitable
Jjacket 20 which is provided with an inlet connection 22
and an outlet connection 24 for a suitable heating or
cooling medium. In similar fashion, the conical
member 18 is encased by a jacket 26 which is equipped
with an inlet connection 28 and an outlet connection
30. Additionally, at the upper end of the treatment
chamber 12 there is provided a vapor chamber or com-
partment 32 which possesses a diameter corresponding
to that of the treatment chamber 12. The upper end of
this vapor compartment 32 is closed by a cover
member 36. Finally, at the wall or jacket of the vapor
compartment 32 there is provided the vapor discharge
connection 34.

Now, extending coaxially with respect to the treat-
ment chamber 12 and the vapor chamber 32 and ar-
ranged therein, there is a rotor member 40 which es-
sentially extends over the entire length of the treatment
chamber 12 and the therewith connected vapor
chamber 32. This rotor member 40 embodies a sub-
stantially centrally disposed rotor body member or
shaft 42 which is connected at its upper end with a shaft
stub 56 and, in turn, is rotatably mounted in a bearing
54 arranged in the cover member 36. The shaft stub 56
is coupled with a suitable drive motor 58.

The end of the central tubular rotor body 42 which
confronts or faces the outlet connection 16 is rotatably
mounted at the inner wall 12a of the treatment
chamber 12 by means of a rim member 50 through the
agency of a number of webs 51 (FIG. 2) which are con-
nected with the tubular body member 42 of the rotor.
At the outer periphery of the rim member 50 there are
provided grooves or ridges 52 which are inclined with
respect to the axis of the rotor 40, and the significance
of which will be more fully explained hereinafter.
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The section of the tubular rotor body member 42 ex-
tending over the length of the treatment chamber 12,
will be seen to be equipped with two radial, axially ex-
tending rows of conveyor elements, which are dis-
placed through an angle of 180° with respect to one
another, and which are composed of a plurality of vane
stubs 44. More precisely, it will be observed that the
vane stubs 44 are secured to the tubular body member
42 by means of the webs or struts 45 (FIG. 2) along an
imaginary helical line. Further, the vane stubs 44 are
inclined with respect to the axis of the rotor 40 and in
the direction of rotation of the rotor. Furthermore, axi-
ally extending wiper elements 46 are secured to the tu-
bular rotor body member 42 between the vane ele-
ments 44 arranged in axial rows. It is important for the
functionality of the apparatus that the wiper elements
46, in the peripheral or circumferential direction,
together with the material conveying element 44, form
an angle a (alpha) which is smaller than 90°. This first
material conveyor wiper element combination is fol-
lowed by a second wiper-material conveyor combina-
tion spaced to provide an angle 3 (beta) between the
first wiper 46 and the second material conveyor 44.
Thus, it will be appreciated that the o:8 ratio enables
the wiped film to remain in contact with heat exchange
surface of treatment chamber 12 for a longer time. A
plurality of axially extending wipers 48 are arranged at
the region of the vapor compartment 32 upon the tubu-
lar rotor body member 42.

Additionally, it is to be understood that a suitable
material removal device, in this instance in the form of
a removal worm member 60 is provided in the conical
member 18. The material removal worm member 60 is
rotatably connected via a shaft stub 62 with an ap-
propriate drive mechanism 66. This shaft stub 62 is
rotatably mounted in a bearing 64 arranged at the
discharge or outlet connection 16.

During operation of the heretofore described thin
film apparatus 10, the viscous material to be treated is
introduced into the treatment chamber 12, which is
heated and/or cooled by the jacket 20, via the inlet
connection 14 and is engaged by the wiper elements 46
and the vane stubs 44 which are placed into rotation.
Whereas the wiper elements 46 spread the engaged
material in the form of a thin film upon the inner wall
12a of the treatment chamber 12, the inclined posi-
tioned vane stubs 44 impart to the engaged material a
displacement component which is directed towards the
discharge or outlet connection 16. As soon as the vane
stubs 44 contact the material by means of their inlet or
leading edges 44aq, they displace such material in front
of each such vane stub for such length of time until the
material has reached the discharge or trailing edge 445
of such vane stub 44 and remains in the form of a
material bead 74 (FIG. 3) upon the inner wall of the
treatment chamber 12 at the region of the gaps 43
between neighboring vane stubs 44. The next succes-
sive or trailing wiper element 46 now contacts the
material bead 74, spreads the material which has been
passed through the gap opening upon the inner wall of
the treatment chamber 12 and distributes the material
excess of the bead 74 upon the entire width of the
wiper element 46. The next successive vane stub 44 as
well as the wiper element 46 repeat this treatment for
such length of time until the viscous material has
reached the lower end of the rotor 40. By means of the
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inclined slots or grooves 52 provided at the Supporting
ring member 50 the treated material is further con-
veyed into the dlscharge or removal worm member 60.
This material removal worm member 60, in turn,
presses the treated material under large pressure
through the outlet connection 16 where it can be
further processed, for instance discharges such irto a
suitable container or granulator, which to preserve
clarlty in illustration has not been shown in the draw-
ing.

The vapors which are formed durmg the heat treat-
ment of viscous materials ascend in countercurrent
with respect to the viscous matetial undergoing treat-
ment, into the vapor compartment or chamber 32,
where they are contacted by the rotating blades or
vanes 48 and separated from any entrained droplets
which may be present in known manner. The thus
cleaned vapor cufrent now- arrives via the vapor
discharge connection 34, for mstance, into a suitable
non-lllustrated condenser. .

Due to:the inventive arrangement of the wxper ele-
ment 46 directly behind the associated vane studs 44,
there is achieved a considerably greater utilization of
the useful treatment surface in contrast to the known
apparatuses for the treatment of viscous matetials. This
is attributable ‘to the fact that the. material collected
into a bead by the vane stubs 44 is again completely dis-
tributéd by the next succéssivé or trailing wiper blades

46 and spread once agaif in the form of a thin film

upon the inner wall of the treatment chamber 12. In so
doing, a portion of the material again comes into. the
operable region of the higher situated vane stubs 44, so
that for the further conveying of a predetermined quati-
tity of material, on the average a large number of wip-
ing contacts of the inner wall of thé treatment chamber
12 by the vane stubs 44 is necessary than such was the
case - with the previously known apparatuses. This
furthermore results in the fact that the residence time
of the material to be treated in the treatment chamber
is practically no longer dependent upon the number of
revolutions or. rotational speed of the rotor, rather is
dependent upon how intensive the wiper elements 46
tend to spread the material to be treated upon the inner
wall of the treatment chamber 12: In other words, the
better that the material is spread the longer becomes
the through passage time.

Moreover, it has surprisingly been found that with
the use of vane stubs 44 which directly thereat trailing
wiper elements 46 the rheological propérties of viscous
materials can be more extensively utilized. Due to the
operation of ‘the apparatus independently of the
number of revolutions of the rotor the rotational speed
or number of revolutions thereof can be increased in
such a way that the thus generatéd large shear stresses
result in a considerable reduction of the viscosity of the
material. This could not be predicted since prewously
the opinion prevailed that when treating viscous
materials only such apparatuses ¢ould be used which
carried out a continuously pronounced conveying ac-
tion upon the material undergoing treatment. Due to
the characteristics of the inventive thin film treatment
apparatus it is first possible to successfully treat viscous
material, the viscosity of which, under the influence of
the described shear stresses, amounts to about 30,000
poise.
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FIG. 3 illustrates a modified version of wiper ele-
ment. The marginal portion 72 of the therein illustrated
wiper element 70 and which confronts the inner wall
12a of the treatment chamber 12 is flexed or bent in a
direction opposite to the direction of rotation of the ro-
tor. This radially extending wiper element 70 encloses -
together with the bent marginal portion 72 an angle a
between 100° and 170° advantageously between 130°
and 150°. Due to the flexed marginal portion 72 of the
wiper element 70 there is achieved that the material
collected in front of the wiper element 70 is subjected
to a wedge action, so t‘hat‘ this material is pressed
through between the edge of the flexed marginal por-
tion 72 and the inner wall 124 of the treatment
chamber 12. This form of wiper element 70 enhances
the processing of highly viscous materials without the
danger of clogging the treatment chamber 12.

FIG. 4 illustrates a further embodiment of wiper ele-
ment. Instead of the wiper element 46 of the type
shown in FIG. 2, in this arrangement a blade stub 80 is
secured to the tubular rotor body member 42. Further-
more, a blade or leaf spring 82 which is bent or flexed
opposite the direction of rotation of the rotor 40 is
secured to this blade stub 80 by means of the at-
tachment wiping element 84. This blade spring 82
wipes in idleness, during rotation of the rotor 40, along
the inner wall of the treatment chamber 12. However,
as soon as the material to be treated arrives at the
operable region of the blade spring 82, such blade
spring is lightly raised by virtue of the wedge action of
the material, so that the material to be treated is
pressed through between the blade spring 82 and the
inner wall of the treatment chamber 12. By means of
this arrangement there can be spread an especially thin
layer of material upon the inner wall 12a of the treat-
ment chamber 12.

Finally, in FIG. 5 there is shown a further modifica-
tion of the wiper element. Here, it will be seen that
hinge elements 94 are provided at the blade stubs 90
secured to the tubular rotor body member 42. These
hinge elements 94 hingedly connect a wiper member or
element 92 with the blade stub 90. The spacing
between the center of the tubular rotor body member
42 and the hinge axis of the hinge joint or member 94 is
adjustable in such a way that the gap between the wiper
element 92 and the inner wall 12a of the treatment
chamber 12 can be exactly adjusted. The use of the
wiper element 92 has proven particularly advantageous
when the material to be treated at the beginning of the
treatment processes a low viscosity. By virtue of the
gap between the wiper element 92 and the inner wall of
the treatment chamber 12, which gap can be controlled
in size, it is possible to.also contact materials of low
viscosity and to effectively spread such in the form of a
thin layer upon the inner wall 124 of the treatment
chamber 12.

The wiper elements 46 depicted in FIGS. 1 and 2
need not of necessity be constructed to be continuous
throughout the entire length of the treatment chamber
12. In fact, each such wiper element 46 can also be
formed of a plurality of axially extending partial or
component elements, not shown in the drawing. What
is important is only that the individual partial elements
which face the discharge or outlet connection 16,
protrude at both sides in axial direction past the radi-
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ally extending edges of the vane stubs 44, If the proper-
ties of the material to be treated require a particularly
long residence time in the thin film treatment ap-
paratus, then, it is even possible to secure the individual
partial elements in an arrangement which is inclined
opposite the direction of rotation of the rotor 40, so
that the treated material is subjected to a displacement
component which is directed towards the inlet connec-
tion by virtue of the action of the partial elements of
the wiper members 46.

Due to the conveying action of the rotator 40 in the
inventive thin film treatment apparatus, it is possible to
operate such in any random desired position. Thus, in
case the necessity exists, it is possible to have the treat-
ment chamber 12 assume an inclined or horizontal
position. It is even possible to introduce the material at
the lower end of a vertically extending treatment
chamber and to convey such by means of the rotor 40
towards the upper end of the treatment chamber 12,
where it is removed by an appropriate mechanism out
of the chamber 12.

Furthermore, it can be advantageous if the material
removal worm member 60, instead of being driven by
an independent drive member 66, as explained above,
is directly coupled with the rotor member 40. If this be
the case, then, the rotor drive mechanism 58 must be
appropriately designed to possess a greater driving
capacity.

It is, of course, also conceivable to use the inventive
thin film treatment apparatus for carrying out reaction
processes. In such instance the materials to be reacted
are advantageously admixed prior to introduction into
the treatment chamber 12. When carrying out reac-
tions under exothermic conditions, it is furthermore
conceivable to use the jacket 20 for cooling the react-
ing material. In such case, it is necessary to deliver via
the inlet connections 22 or 24, respectively, a medium
to the jacket 20 which possesses a temperature below
the reaction temperature.

While there is shown and described present
preferred embodiments of the invention, it is to be
distinctly understood that the invention is not limited
thereto but may be otherwise variously embodied and
practiced within the scope of the following claims. AC-
CORDINGLY,

What is claimed is:

1. A wiped thin film treatment apparatus, especially
for treating viscous materials, comprising means defin-
ing a rotationally symmetrical treatment chamber,
heating or cooling jacket means encircling said treat-
ment chamber, rotor means within said treatment
chamber, said rotor means comprising a rotor shaft,
material conveying means and wiper means, said
material conveying means comprising a plurality of
vane stubs arranged in -at least one row extending in
axial direction along said rotor shaft and being sup-
ported thereby, each vane stub having a conveying sur-
face inclined with respect to the axis of rotation of said
rotor shaft at an angle of less than 90° with respect to
said axis, each vane stub further having a leading edge
and a trailing edge, each trailing edge of one vane stub
of said row being spaced from the leading of the suc-
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8

ceeding vane stub of said row as viewed in the axial
direction to form a respective axial gap between ad-

jacent vane stubs in said row, which is not swept by any
vane stubs in said row, said wiper means comprising at

least one wiper member extending substantially over
the length of the treatment chamber said wiper
member being angularly retarded in immediate trailing
fashion with respect to said row of vane stubs, said vane
stubs forming ridged circumferential arcs of the materi-
al being treated on the chamber inner surface of sub-
stantially shortened circumferential extent relative to
the circumferential extent and width of the continu-
ously wiped film formed by said wiper member, said
ridged arcs being sheared and spread upwardly and
downwardly substantially immediately by said wiper
member after being formed, thereby minimizing the
gravitational effects on said ridged arcs and increasing
the wiped film residence time with the heat exchange
surface contacted.

2. A thin film treatment apparatus as defined in claim
1, wherein said wiper means at least partially bridges
said respective axial gap between neighboring vane
stubs.

3. A thin film treatment apparatus as defined in claim
1, wherein said rotor means possesses a discharge end,
a removal mechanism disposed at said discharge end
coaxially with respect to said rotor means and adapted
to be driven independent of said rotor means.

4. A thin film treatment apparatus as defined in claim
3, further including drive means for driving said
removal mechanism independently of said rotor means.

5. A thin film treatment apparatus as defined in claim
1, wherein said rotor means possesses a discharge end,
a ring member rigidly connected with said discharge
end of said rotor means for mounting said discharge
end of said rotor means upon the inner wall of said
treatment chamber. S

6. A thin film treatment apparatus as defined in claim
1, wherein said wiper means comprises at least one
wiper blade member having a marginal portion which
neighbors the inner wall of said treatment chamber and
is rearwardly flexed with respect to the direction of
rotation of said rotor means.

7. A thin film treatment apparatus as defined in claim
1, wherein said wiper means comprises at least one
wiper blade member incorporating a blade stub ele-
ment and a wiper element, said blade stub element
being secured to said rotor means, and means for
pivotally connecting said wiper element with said blade
stub element.

8. A thin film treatment apparatus as defined in claim
1, wherein said wiper means comprises at least one
wiper blade member incorporating a blade stub ele-
ment and a wiper element, said wiper element being a
blade spring member secured to said blade stub ele-
ment, each such blade spring member having a wiper
edge which contacts the inner wall of said treatment
chamber.

9. A thin film treatment apparatus as defined in claim
1, wherein said wiper member is constituted by a radi-
ally and axially extending linear wiper blade.
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