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[57] ABSTRACT

An apparatus for processing a solid-liquid material com-
prises a housing formed with a series of interconnected
chambers defined by chamber walls with at least two drums
mounted in series within the chambers. Each chamber
receives one of the at least two drums for rotatable move-
ment therein. Each chamber and the associated drum are
dimensioned to define a region therebetween to retain the
solid-liquid material. The regions of adjacent chambers
communicate with each other to define a continuous passage
from drum to drum through the apparatus. An inlet in the
housing admits the solid-liquid material to the passage, and
an outlet permits extraction of a processed solid-liquid
material from the passage. Each drum rotates in a direction
opposite to the adjacent drum to advance the solid-liquid
material through the passage from drum to adjacent drum in
a sinuous path such that the curvature of the solid-liquid
material changes when passing from drum to adjacent drum.
Methods for processing the solid-liquid material using the
apparatus are also disclosed including filtration, washing,
expression of liquid, air drying and compression feeding.

20 Claims, 6 Drawing Sheets
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SERIAL DRUM APPARATUS AND METHOD
FOR PROCESSING WET MATERIAL

FIELD OF THE INVENTION

This invention relates to a system for processing solid-
liquid material such as bulk, paste or slurry material. It finds
particular application as a system for continuous extraction
of liquid from material by exerting pressure on the material
or as a system for compression feeding of material.

BACKGROUND OF THE INVENTION

Apparatus for feeding, compressing, liquid extraction,
washing, chemical treatment and air-drying of sludge, slur-
ries or other wet materials are well known. Such equipment
finds particular application in the pulp and paper industry,
waste water treatment, mineral processing, agriculture, food
processing, fisheries, breweries, wineries, chemical
processing, oil and tar sands industry, etc.

Most “in batch” systems, like the plate-and-frame or
recessed-plate filter press, perform only filtration by using
the feed pressure to force the liquid out through the particu-
late mass of the material undergoing treatment and the filter
medium. Some “in batch” systems, like the diaphragm-
press, combine filtration and mechanical expression to pro-
duce a dryer cake and shorter cycles; they may also perform
washing and air-drying in the same pressure chamber as
described in U.S. Pat. No. 4,565,602. These “in batch”
systems are best suited for low-consistency slurries contain-
ing fine particles. They are not particularly effective at
treating pastes, and slurries containing large particles. A
drawback of all these “in batch” presses is that the particles
start filling the pressure chamber at the periphery, then the
filtration area diminishes continuously until the cake com-
pletely fills the pressure chamber and can be discharged.
Moreover, they have some other serious drawbacks: 1) the
yield tends to be low, 2) the filter media has to be washed
periodically, 3) the cake handling is intermittent, 4) the
odours from the material being processed can’t be contained,
5) the press equipment is complicated and cumbersome, and
6) the press equipment is expensive to manufacture, operate
and maintain.

Continuous systems have been developed to overcome the
problems of the “batch” process equipment. The U-channel
rotary press described in U.S. Pat. No. 4,534,868 is best
suited for pastes and fibrous solid-liquid material, but it is
ineffective in handling low-consistency slurries containing
fine particles. Conversely, the rotary press described in U.S.
Pat. No. 5,344,575 is best suited for low-consistency slurries
containing large particles, but it is ineffective in treating
slurries containing fine particles, pastes, and fibrous solid-
liquid materials. Moreover, both rotary presses have some
other serious drawbacks: 1) they can not perform washing
and air-drying, 2) each processing channel of the equipment
has to be isolated from the others, totally or partially, by
complicated sealing systems, 3) the pressure and the outlet
consistency of the material are poorly controlled by squeez-
ing the cake with restricting plates, 4) a slip-stick movement
of the cake may occur, 5) the pressure has to be controlled
separately for each processing channel, 6) the press design
is difficult to optimize since the channel width determines
both the cake thickness and the pressure gradient.

The method and apparatus described in U.S. Pat. No.
4,986,881 is a modification of the rotary press described in
U.S. Pat. No. 4,534,868 intended to enable it to perform
washing and chemical treatment on solid-liquid material.
However, it still has all the other drawbacks of the two above
mentioned rotary presses.
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The compression feeder described in U.S. Pat. No. 5,213,
686 is a further modification of the U-channel rotary press
described in U.S. Pat. No. 4,534,868 intended to enable the
feeder to perform compaction into a plug of such compress-
ible materials as wood chips, high consistency paper pulp,
wax and fibrous waste, etc. However, this feeder still suffers
from some of the drawbacks of the prior art, namely, the
pressure is poorly controlled by squeezing the cake with
restricting plates and a slip-stick movement of the cake may
occur during processing.

SUMMARY OF THE INVENTION

The present invention provides a serial drum apparatus
and method for continuous processing of solid-liquid mate-
rial that avoids the difficulties of the prior art.

Accordingly, the present invention provides apparatus for
processing a solid-liquid material comprising:

a housing;

at least two rotatable drums mounted in series in the

housing to define a continuous curvilinear passage
about the circumference of the drums;

an inlet in the housing to admit the solid-liquid material

to the passage; and

an outlet for extracting a processed solid-liquid material

from the passage;

each of the at least two drums rotating in a direction

opposite to the adjacent drum to advance the solid-
liquid material through the passage from drum to
adjacent drum in a sinuous path such that the curvature
of the solid-liquid material changes when passing from
drum to adjacent drum, and the first drum of the at least
two drums having a greater capacity for moving the
solid-liquid material than subsequent drums so that the
material tends to be compressed when being moved
through the passage.

In a further aspect, the present invention provides a
method for processing a solid-liquid material using at least
two rotatable drums having perforate side walls in a housing
defining a curvilinear passage about the circumference of the
drums comprising the steps of:

feeding the solid-liquid material into the passage;

rotating each drum in a direction opposite to the adjacent

drum, the first drum having a greater capacity for
moving the solid-liquid material than subsequent
drums, to advance the solid-liquid material through the
passage under pressure so that liquid is pressed from
the solid-liquid material through the perforate side
walls of the drum to thicken the solid-liquid material;
guiding the solid-liquid material from drum to drum in a
sinuous path in which the curvature of the passage
changes at each drum, the change in curvature of the
material tending to remove additional liquid; and

extracting the processed solid-liquid material from the
passage.

One of the operating modes of the apparatus of the present
invention is as a filtration apparatus, similar to a conven-
tional filter press, but with a significantly increased produc-
tion capacity. In addition, processing of a solid-liquid mate-
rial involving compression feeding, expression, washing or
chemical treatment with a final step of expression, air-drying
and electro-acoustical treatments may also be carried out
with the apparatus and method of the present invention.

The present invention provides a serial drum apparatus for
continuous processing of solid-liquid material, which is
simpler, smaller and less expensive to manufacture, operate
and maintain, as compared with prior art devices.



6,004,468

3

The present invention also provides a serial drum appa-
ratus for continuous processing of solid-liquid material,
which is completely closed to the atmosphere, and thus
odours and noxious gases can be controlled.

BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the present invention are illustrated, merely by
way of example, in the accompanying drawings in which:

FIG. 1 is an elevation view in section of a preferred
embodiment of the apparatus of the present invention that
uses a pair of drums;

FIG. 2 is a section view taken along line 2—2 of FIG. 1;

FIG. 2A is a detail view from FIG. 2 of the interference
zone between the first and second drums;

FIG. 3 is a schematic view of the processing steps carried
out by the apparatus of FIG. 1 when handling a slurry;

FIG. 4 is a schematic view of the processing steps carried
out by the apparatus of FIG. 1 where the material is a pasty
sludge that is being dewatered; and

FIG. § is a schematic view of the processing steps carried
out by the apparatus when compression feeding of a bulk
material.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1, there is shown a preferred embodi-
ment of the serial drum apparatus 10 of present invention
useful for processing solid-liquid material. The apparatus of
the present invention is not limited to a pair of drums as
illustrated in FIG. 1. Three or more serially arranged drums
with the outlet of one drum feeding directly into the inlet of
the next drum can be used, however, for ease of explanation
the dual drum embodiment will be described in detail.

The apparatus of FIG. 1 employs a pair of rotatable drums
12 and 14 mounted in a housing 13. Housing 13 is formed
with internal chamber 22 to receive drum 12 and chamber 24
to receive drum 14. The two internal chambers intersect and
communicate with each other at region 25.

Drums 12 and 14 are rotatably mounted in series within
the chambers. Each chamber and the associated drum therein
are dimensioned to define a region to hold solid-liquid
material for processing. The regions of adjacent chambers
communicate with each other to define a continuous curvi-
linear passage 26 extending about the circumference of the
drums for holding the solid-liquid material to be processed.

FIG. 2 is a top section view taken along line 2—2 of FIG.
1 showing the structure of drums 12 and 14. Bearings 28
rotatably support drum 12 and bearings 30 support drum 14.
Each drum is formed with a toothed gear 36 for engagement
with a driving motor to rotate the drums.

Each drum comprises a generally cylindrical body having
a cylindrical side wall 40. Preferably, the cylindrical side
walls 40 of the drums are perforated by openings 43 and
enclose a hollow interior 44. Openings 43 are preferably
covered by a screen 47. A series of spaced, annular ribs 42
extending about the circumference of the cylindrical side
wall mounted to screen 47. As best shown in FIG. 1, ribs 42
extend outwardly from cylindrical side wall 40 of the drum
to the wall of the chamber. The ribs tend to exert a force on
the solid-liquid material within passage 26 to assist in
advancing the material through the passage. Screen 47 and
openings 43 permit drainage of liquid from the solid-liquid
material into the interior of the drum as the material is
advanced through passage 26.
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Each rib 42 is generally trapezoidal in cross-section
having a base adjacent the cylindrical side wall and an apex
adjacent the chamber wall. It has been found that this shape
facilitates shedding of the solid-liquid material from the ribs
at exit 52 and prevents slip-stick movement of the material
in passage 26.

The ribs 42 of drum 12 are offset from the ribs of drum
14 so that the ribs of the drums can move between each other
as the drums rotate in region 25 where chambers 12 and 14
intersect and the drum ribs overlap. This is best shown in
FIG. 2A which is a detail view of region 25. Also shown in
FIG. 2A are seals 45 and 46 that seal chambers 22 and 24,
respectively, to allow for transport of solid-liquid material
under pressure through passage between the drums and the
chamber walls.

Referring back to FIG. 1, housing 13 includes an inlet 50
to admit solid-liquid material to be processed to passage 26
about the drums. At the opposite end of the apparatus an
outlet 52 is provided to permit extraction of the processed
solid-liquid material.

Drums 12 and 14 are rotated in opposite directions via
gear 36 associate with each drum. In the illustrated
embodiment, drum 12 is rotated in a counterclockwise
manner while drum 14 is rotated clockwise. This rotary
motion of the drums causes solid-liquid material 60 intro-
duced into passage 26 through inlet 50 to be transported by
the drum side walls and drum ribs from drum to adjacent
drum in a sinuous path such that the curvature of the
solid-liquid material changes when passing from drum 12 to
drum 14 in region 25. In addition, first drum 12 of the pair
has a greater capacity for moving the solid-liquid material
than second drum 14 so that the solid-liquid material is
compressed when being moved through the passage. The
greater capacity of first drum 12 can be achieved by rotating
drum 12 at a higher peripheral speed than drum 14.

To assist in directing the movement of solid-liquid mate-
rial 60 through passage 26, a flow diverting member is
insertable into an appropriately formed opening 66 in hous-
ing 13. The flow diverting member is preferably a doctor
blade 65 that extends into region 25 between two adjacent
chambers to divert flow in passage 26 from drum 12 to drum
14. Blade 65 is positionable to dislodge the solid-liquid
material from drum 12 and assist in smoothly directing the
material to the adjacent drum 14.

As shown in FIG. 1, the end of blade 65 is insertable into
opening 66 to a position adjacent and substantially tangen-
tial to the cylindrical wall of drum 12. In order to accomplish
this, the end of the blade 65 adjacent the drum wall is formed
with a plurality of slots to accommodate movement of the
drum ribs 42 past and through the doctor blade.

Referring to FIG. 1, a doctor blade 67 is also provided at
outlet 52 for dislodging and diverting processed solid-liquid
material from drum 14 and into the outlet.

There is an access port 80 in housing 13 for delivering
treatment liquid to the solid-liquid material while undergo-
ing processing in the apparatus. The access port 80 prefer-
ably comprises a perforate opening 82 in the chamber wall
in communication with a passage connected to a source of
treatment liquid under pressure (not shown).

Preferably, there is an additional access port 91 in housing
13 connected to a source of drying air under pressure (not
shown) in order to remove further liquid from the material
just before it exits the apparatus. Access port 91 preferably
includes a perforate opening 92 in the chamber wall in
communication with a passage for delivering drying air
through the processed solid-liquid material into the interior
of the second drum 14.
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In operation, solid-liquid material to be treated in bulk or
in the form of a pasty sludge or slurry is introduced into inlet
50. In the art, wet bulk material is a material comprised of
particulate solids that does not have interstitial liquid and
does not flow. An example of a bulk material is wood chips.
A paste or pasty sludge is a material with a relatively high
solids content and some interstitial fluids that does not flow,
while a slurry has a large amount of interstitial fluid and
flows freely. FIGS. 3-5 are schematic diagrams showing the
processing steps experienced by various solid-liquid mate-
rials introduced into the apparatus of the present invention.

As shown in FIG. 3, when a slurry is introduced into the
apparatus, filtration initially occurs in a filtration zone 90
where any free liquid starts to drain by gravity or under
pressure through screen 47 of drum 12. When the solid-
liquid material is a pasty sludge (FIG. 4), the filtration zone
is replaced by a decompression zone 92.

The solids retained in the filtration zone form a mat 85
that adheres to screen 47 and becomes a filter element itself.
In the case of a slurry, mat 85 thickens as the solid-liquid
material is continually added to the apparatus and the
material is advanced through the apparatus by rotation of
drum 12. Eventually, mat 85 fills passage 26 and reaches a
condition where free draining ceases. Following this point,
the mat is simply moved in a transport zone 93 by the
combined dragging action of screen 47 and radial ribs 42 to
a point where further liquid removal is continued by expres-
sion.

Washing and chemical treatment steps, which are per-
formed inside the transport zone as shown in FIG. 3,
comprise introducing washing or treatment liquid under
pressure via a distributor connected to access port 80 so that
treatment liquid flows through the mat 85 and through
screen 47 into the interior of drum 12.

As shown in FIGS. 3 and 4, expression of further liquid
begins in the compression zone 94 following the transport
zone 93 of the first drum 12 and continues in the decom-
pression zone 95 of the second drum 14. In compression
zone 94, the mass of wet solids has sufficient stiffness to
encounter friction with screen 47 and radial ribs 42 causing
the wet mass to be dragged along toward the doctor blade 65
which diverts the mass towards second drum 14. In the
compression zone of drum 12, pressure increases due to the
different transport capacities of the first and second drums.
The peripheral speed of the first drum is generally higher
than that of the second drum so that material tends to backup
in passage 26 with a resulting increase in internal pressure.
The pressure in compression zone 94 is adjustable to a
pre-determined value resulting in compression of the wet
mass and the expression of further liquid through screen 47
to form a de-watered cake. The pressure decreases in the
decompression zone 95 of the second drum 14. By virtue of
the change of curvature of the wet mass in region 25 as the
mass passes from drum to drum, additional liquid tends to be
released from the wet mass such that liquid continues to flow
for a time through screen 47 of second drum 14. The
revolving speed of second drum 14 is determined by moni-
toring the torque of the first drum 12 or the cake pressure at
the junction region 25 of the first and second chambers. The
speed of the second drum is then adjusted to establish the
desired pressure in compression zone 94. Establishing a
pressure in compression zone 94 allows the de-watered cake
to be discharged continuously at a desired pressure and
consistency. Discharge is performed by moving the pro-
cessed cake through second transport zone 96 of drum 14 to
outlet 52.

Some examples of possible operating modes of the serial
drum apparatus of the present invention are as follows:
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1. Filtration only (same function as a conventional filter
press): The slurry is fed either under pressure or by
gravity in the filtration zone 90 of the first drum 12
followed by the transport zone 93. The resulting cake is
simply transferred under no significant pressure from
the first drum 12 to the transport zone of the second
drum 14 and exits the apparatus by free falling. The
throughput is controlled by the rotation of drum 12,
while the filtration pressure is controlled by the rotation
of drum 14 which is set to have a volumetric transport
capacity slightly lower than that of drum 12.

2. Expression only (as shown schematically in FIG. 4):

The pasty sludge is fed into the decompression zone 92
of the first drum 12, followed by movement into the
transport zone 93 and then into compression zone 94.
The resulting de-watered cake is then transferred under
controlled pressure from the first drum 12 to the
decompression zone 95 of the second drum 14. The
cake moves through second transport zone 96, and then
exits the apparatus by free falling. The expression
pressure is controlled by the rotation of drum 14 with
its volumetric transport capacity being slightly lower
than that of the drum 12.

3. Filtration and expression (similar to a diaphragm filter

press): The process is much the same as in the filtration
process described above in (1), however, a compression
zone at the exit from first drum 12 and a decompression
zone at the inlet of second drum 14 are created. The
compression pressure is controlled by the rotation of
drum 14 with its volumetric transport capacity being
lower than that of drum 12.

4. Filtration, washing (or chemical treatment) and expres-

sion: This process is similar to the filtration and expres-
sion process described above in (3). An additional step
is added involving the feeding of the washing liquid (or
a chemical agent) under pressure via port 80 through
the solid-liquid material while the material is within
transport zone 93 of first drum 12

5. Filtration, expression and air drying: This process is the

same as the filtration and expression process described
above in (3), however, an additional step is added
involving the feeding of the drying air into the transport
zone 96 of second drum 14 via a distributor so the air
flows across the cake through screen 47 of drum 14.

6. Filtration, washing, expression and air drying (as
shown schematically in FIG. 3): This process is the
same as in (4) with the additional step of feeding drying
air inside the transport zone 96 of the drum 14 via a
distributor so the air flows across the cake through
screen 47 of drum 14.

7. Compression feeding (as shown schematically in FIG.

5): In this process, the solid-liquid material (wood
chips or other) is fed under pressure in the decompres-
sion zone 92 of the first drum 12, followed by move-
ment through transport zone 93 into compression zone
94. The resulting cake is then transferred under con-
trolled pressure from the first drum to the decompres-
sion zone 95 of the second drum, followed by move-
ment through transport zone 96 of the second drum to
exit the serial drum processor in the form of a com-
pacted plug of material for entry into the next stage of
the process (digester or other). The pressure is con-
trolled by the rotation of drum 14 with its volumetric
transport capacity being slightly lower than that of
drum 12. There is no significant extraction of liquid
from the solid-liquid material.
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Although the present invention has been described in
some detail by way of example for purposes of clarity and
understanding, it will be apparent that certain changes and
modifications may be practised within the scope of the
appended claims.

I claim:

1. Apparatus for processing a solid-liquid material com-
prising:

a housing;

at least two rotatable drums mounted in series in the

housing to define a continuous curvilinear passage
about the circumference of the drums;

an inlet in the housing to admit the solid-liquid material
to the passage; and

an outlet for extracting a processed solid-liquid material
from the passage;

each of the at least two drums rotating in a direction
opposite to the adjacent drum to advance the solid-
liquid material through the passage from drum to
adjacent drum in a sinuous path such that the curvature
of the solid-liquid material changes when passing from
drum to adjacent drum, and a first drum of the at least
two drums having a greater capacity for moving the
solid-liquid material than subsequent drums so that the
material tends to be compressed when being moved
through the passage.

2. Apparatus as claimed in claim 1 in which the housing
is formed with a series of interconnected chambers defined
by chamber walls, each chamber receiving one of the at least
two drums for rotatable movement therein, and each cham-
ber and the drum therein being dimensioned to define a
region therebetween to retain the solid-liquid material, the
regions of adjacent chambers communicating with each
other to define the curvilinear passage.

3. Apparatus as claimed in claim 2 including flow divert-
ing members insertable into the housing at a junction
between two adjacent chambers to divert flow in the passage
from one drum to the next.

4. Apparatus as claimed in claim 3 in which the flow
diverting member is a doctor blade positionable to dislodge
the solid-liquid material from one of the drums and assist in
smoothly directing the material to the adjacent drum.

5. Apparatus as claimed in claim 2 in which each of the
drums comprises a generally cylindrical body having a
cylindrical side wall and a series of spaced, annular ribs
extending about the circumference of the cylindrical side
wall and extending outwardly from the cylindrical side wall
to the wall of the chamber, the ribs tending to exert a force
on the solid-liquid material to assist in advancing the mate-
rial through the passage.

6. Apparatus as claimed in claim § in which the cylindri-
cal side wall of the drum is perforated and encloses a hollow
interior, the perforate cylindrical side wall permitting drain-
age of liquid from the solid-liquid material into the interior
of the drum.

7. Apparatus as claimed in claim 6 in which the ribs of
adjacent drums are offset so that the ribs of the drums are
rotatable between each other at a junction between two
adjacent chambers.

8. Apparatus as claimed in claim 6 including a flow
diverting member insertable into the housing at the junction
between two adjacent chambers to divert flow in the pas-
sage.

9. Apparatus as claimed in claim 8 in which the flow
diverting member is insertable to a position adjacent and
substantially tangential to the cylindrical wall of the drum,
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the end of the member adjacent the wall being formed with
a plurality of slots to accommodate movement of the ribs
past and through the flow diverting member.

10. Apparatus as claimed in claim 6 in which each rib is
generally trapezoidal in cross-section having a base adjacent
the cylindrical side wall and an apex adjacent the chamber
wall.

11. Apparatus as claimed in claim 1 including a doctor
blade at the outlet for diverting a processed solid-liquid
material from the drum and into the outlet.

12. Apparatus as claimed in claim 1 including one or more
access ports in the housing for delivering treatment liquid or
drying air to the solid-liquid material while undergoing
processing in the apparatus.

13. Apparatus as claimed in claim 12 in which each access
port comprises a perforate opening in the chamber wall in
communication with a passage connected to a source of
treatment liquid or drying air under pressure.

14. Apparatus as claimed in claim 1 in which the drums
subsequent to the first drum have a capacity for moving the
solid-liquid material less than or equal to that of the subse-
quent adjacent drum so that the material is passed from drum
to the adjacent drum without compression or expansion.

15. A method for processing a solid-liquid material using
at least two rotatable drums having perforate side walls in a
housing defining a curvilinear passage about the circumfer-
ence of the drums comprising the steps of:

feeding the solid-liquid material into the passage;

rotating each drum in a direction opposite to the adjacent
drum, a first drum of the rotatable drums having a
greater capacity for moving the solid-liquid material
than subsequent drums, to advance the solid-liquid
material through the passage under pressure so that
liquid is pressed from the solid-liquid material through
the perforate side walls of the drum to thicken the
solid-liquid material;
guiding the solid-liquid material from drum to drum in a
sinuous path in which the curvature of the passage
changes at each drum, the change in curvature of the
material tending to remove additional liquid; and

extracting the processed solid-liquid material from the
passage.

16. A method as claimed in claim 15 including the
additional step of introducing treatment liquid into the
passage in a distributor so that the treatment liquid flows
substantially uniformly into the solid-liquid material.

17. A method as claimed in claim 15 including the
additional step of controlling the pressure to which the
solid-liquid material is subjected by varying the transport
capacities of any two adjacent drums.

18. A method as claimed in claim 17 in which the varying
the transport capacities of the drums involves varying the
rotation speed of the drums.

19. A method for feeding a wet material under pressure
using a first and a second rotatable drum in a housing
defining a curvilinear passage about the circumference of the
drums, each drum having a cylindrical side wall and a series
of spaced, annular ribs extending about the circumference of
the cylindrical side wall and extending outwardly from the
cylindrical side wall to the wall of the housing, comprising
the steps of:

feeding the wet material into the passage;

rotating the first and second drums in opposite directions
with the first drum having a greater capacity for moving
the wet material than the second drum to create a plug
of compressed material;
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guiding the plug of compressed material through the
passage; and
extracting the processed compressed material from the
passage.
20. A method as claimed in claim 19 in which the guiding 5
step involves advancing the plug of compressed material

10

from the first drum to the second drum in a sinuous path in
which the curvature of the passage changes from the first
drum to the second drum, the change in curvature of the
material tending to further compact the material.
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