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HOT-GAS PRESSURE-FILTER APPARATUS

BACKGROUND OF THE INVENTION

This invention relates to a filter apparatus and method of its
operation, particularly to a pressure filter and method for extracting liquids from
wet slurry fluids and for producing a substantially-dry filter cake of the solid

materials present in such slurry fluids.

In many industrial processes and other applications where a slurry of
solids and liquids Is produced, it becomes necessary to filter the slurry solids from
the liquids so that these materials may be efficiently utilized or, alternatively,
disposed in an environmentally-safe manner. To separate the solids from the
liquids, a filter apparatus, such as a pressure filter, is often used. Known pressujre
filters generally include one or more pairs of filter plates capable of relative motion.
The plate inlet is adapted for receiving the slurry while the filtered liquids, called
the filtrate, are collected by means of the plate outlet which also provides the
requisite support for a filter medium positioned between the filter plates. This
arrangement permits a filtration chamber to be defined by the inlet plate and the
filter medium when the plates are pressed together. In the usual production cycle
of such a filter, slurry is introduced into the filtration chambers under pressure
through one or more inlet port, whereby it distributes itself throughout the

chamber. After the filtration chamber is
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filled with slurry, the fllter executes a series of programmed
operations, namely, washing and/or treating the contents of
the chamber in a particular manner, as well as pressurizing the
chamber to force the 1liqulds from the slurry through the filter
medium, leaving the slurry solids, consolidated 1n =a
substantially-dry filter cake, wlthin the chamber. The
chamber 1s then opened, allowlng the dry filter cake to be
removed therefrom.

In the filter apparatus of the type here discussed, the
filter 1s operated in a batch mode; 1l.e. apparatus open,
apparatus closed, slurry input, treatment of the slurry to
develop a cake, apparatus opened, filter medium moved as cake
1s discharged and advanced to the next cycle position, and then
repeating the above steps. Efficlency of a pressure filter
can be measured 1n the dryness of the resulting filter cake or
1n the success 1n removing a desired liquid from the slurry as
effluent. The overall efficiency is measured in the amount of
equlpment and peripheral utilitles that may be needed to
accomplish a fllter cycle as well as the length of time
requlred for a single fllter operation.

A need therefor arises for pressure-fllter apparatus
capable of efficiently treating a variety of slurries 1n a
quick and low cost method. Furthermore 1t i1s desireable to
provide a pressure-filter apparatus that 1s energy-efficient
and capable of producing a substantially-dry flter cake in a
minimum amount of time,

SUMMARY OF THE INVENTION

. A pressure fllter 1s disclosed. The fillter apparatus
includes two continuously mating surfaces movable relative to
each other and a fillter medium capable of being disposed
therebetween., A surface 1s provided for supporting the
filter medium. Thils supporting surface is bounded by and is,
substantially coplanar wilth one of the continuous mating
surfaces. The filfer further includes an 1inlet cavity,
bounded by the other of the continuous mating surfaces, and an
inlet distributor in communication with the inlet cavity.
When the mating surfaces are pressed together, a f'iltfation
chamber 1s deflned by the 1nlet cavity and the filter medium.
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The filter apparatus may include a plurality of filtration chambers, constructea as
described above, a plurality of peripheral elements for introducing slurry, gasses
and liquids to the filtration chamber, an exit port or ports for removing liquids
and/or gasses from the chamber, the necessary valving systems, and control
means for causing the sequential operation of the filter apparatus and its

peripheral elements.

An aspect of the present invention relates to a method for operating
a temperature controllable and pressurizable fixed volume pressure filter
apparatus formed with an openable filtration chamber for separating a quantity of
slurry into slurry solids and slurry liquids to form a substantially dry slurry solids
filter cake, said apparatus comprising: at least one pressure sealable fixed volume
filtration chamb'er consisting of an upper inlet plate having an inlet cavity, a lower
outlet plate having an outlet cavity, said inlet plate and outlet plate having
continuous mating surfaces to form a sealable internal cavity, said inlet plate
having entry port means into said sealable internal cavity and said outlet plate
having exit port means for exit from said internal cavity, said lower outlet plate
including a fixed porous support grid adjacent to said mating surfaces, said
filtration chamber of fixed volume being formed between the interior of said inlet
cavity and the surface of said porous grid when said mating surfaces of said inlet
plate and outlet plate are sealed against each other, means for opening and
closing said filtration chamber by relatively moving said upper and lower plates, a
movable porous filter medium, said medium being disposed within said filtration

chamber between said continuous mating and sealing surfaces of said upper and

lower plates and supported on said fixed porous support grid when said filtration

chamber is closed and movable through said filtration chamber when said filtration

chamber Is open, means formoving said filter medium through said filtration
chamber when said filtration chamber is open, a source of slurry, said source of
slurry coupled with said at least one filtration chamber through said input port
means when said plates are closed, at least one source of temperature

controllable and pressurizable fluid coupled with said at least one filtration

chamber through said input port means when said plates are closed, separate

valving means for controlling entry of said slurry and said temperature controlled

and pressurizable fluid into said at least one filtration chamber after each closing



10

15

20

25

30

CA 02473675 2010-05-12

71458-18

3a

of said filtration chamber, means for controlling said separate valving means to
uniformly distribute said slurry into said filtration chamber after each closing of
said filtration chamber and for introducing said temperature controllable and
pressurizable fluid into said filtration chamber at predetermined pressure and
temperature when said filtration chamber is closed for separating slurry liquid from
said slurry and lpassing said separated slurry liquid through said exit port means to
form said slurry solids filter cake on said filter medium, and means for moving said
filter medium through said filtration chamber after each closing of said filtration
chamber and when said filtration chamber is open by separation of said plates for
discharging said slurry solids filter cake from said apparatus, the method includiﬁg
by the method steps of. a) after each closing of said upper and lower plates to
establish said at least one pressure sealable fixed volume sealed filtration

chamber with said filter medium supported within said filtration chamber between

said continuously mating surfaces, uniformly distributing said quantity of slurry in

said at least one sealed filtration chamber after said closing of said filtration
chamber, pressurizing and temperature controlling said sealed filtration chamber
to a predetermined pressure and temperature, b) after forming said séaled
filtration chamber forcing a first portion of said slurry liquid from said distributed
slurry through the said filter medium and through said exit port means in said
sealed filtration chamber with a first quantity of said predetermined temperature .
controllable and pressurizable fluid to produce an initially formed filter cake of
slurry solids and any retained portions of said slurry liquids within said filtration
chamber on said filter medium, and c) after forming said filtration chamber and
while said sealablé filtration chamber is closed and temperature and pressure
controlled at least to sa'id first predetermined temperature and pressure,
introducing and passing dry hot gas fluid through said fiiter medium and said
initially formed filter cake to heat and displace said retained portion of said slurry
liquid from said filter cake and through said exit port means to form said

substantially dry slurry solids filter cake on said filter medium, said introduced and

passed dry hot gaé fluid being maintained at least as high in temperature and

pressure as the temperature and pressure in said sealed filtration chamber so as
to maintained said dry hot gas fluid in its dry state and to prevent any liquids in

said hot gas fluid from changing phase from dry to wet, d) after predetermined
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conditions have been attained, discontinuing said introduction and passing of dry
hot gas fluid, e) after discontinuing said introduction of dry hot gas fluid, venting
said filtration chamber, f) opening said filtration chamber by relatively moving said
upper and lower plates, g) then moving said substantially dry slurry solids filter
cake on said filter medium through said open filtration chamber, h) discharging
from said open filtration chamber and from said filter medium said substantially dry
slurry solids filter cake from said filtration chamber formed during each closing of
said filter apparatus on said filter medium, and i) repeating said steps a) through f)
for successive closing and opening of said upper and lower plates in repeated
operation of said pressure filter apparatus and for forming said substantially dry

filter cake on said filter medium.

Another aspect of the invention relates to a pressure filter apparatus
for separating a slurry into separated slurry liquids and slurry solids and for
forming a substantially dry slurry solids filter cake on a filter medium from said
slurry during a single closing of said filter apparatus comprising: a) an upper inlet
plate having an inlet cavity, a lower outlet plate having an outlet cavity, said inlet
plate and outlet plate having continuous mating surfaces to form a sealable
internal filtration chamber, said inlet plate having entry port means into said
sealable internal filtration chamber and said outlet plate having exit port means for
exit from said filtration chamber, said lower outlet plate including a fixed porous
support grid adjacent to said mating surfaces, a fixed volume filtration chamber
being formed between the interior of said inlet cavity and the surface of said
porous grid when said mating surfaces of said inlet plate and outlet plate are
sealed against each other, means for temperature controlling and pressurizing
sald formed fixed volume filtration chamber, b) a filter medium, said medium being
supported on said fixed surface of said grid and sealed between said continuous
mating surfaces of said upper and lower plates while said plates are closed and
during each closing of said filter apparatus and movable through said filtration
chamber when said filtration chamber is open, ¢) means for moving said filter

medium through said filtration chamber when said upper and lower plates are
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separated and when said filtration chamber is open, d) a source of slurry coupied
with said fixed volume filtration chamber during each closing of said filter
apparatus and when said plates are closed, e) at least one source of temperature
controllable and pressurizeable fluid coupled with said filtration chamber at said
entry port means during each closing of said plates during forming of said filtration
chamber, said temperature controllable and pressurizeable fluid being controllable
to maintain said fluid in dry condition when within said pressurized filtration
chamber, f) separate valving means for controlling entry of said slurry and said
temperature controlliable and pressurizable fluid into said filtration chamber at said
entry port means during each closing of said plates forming said filtration
chamber, g) means for controlling said separate valving means to uniformly
distribute said slurry into said filtration chamber and for introducing said
temperature controllable and pressurizable fluid into said filtration chamber at
predetermined pressure and temperature during each closing of said plates during
forming of said filtration chamber to pressurize and control said filtration chamber
and for passing said temperature controllable and pressurizable fluid through said
slurry within said fixed volume filtration chamber for separating slurry liquid for exit
at said exit port from said slurry to form said slurry solids cake on said filter
medium, h) means for controlling movement of said filter medium through said
filtration chamber when said filtration chamber is open for discharging said slurry
solids cake from said filter apparatus on said filter medium, and i) means for
controlling repeated operations of said means in paragraphs a) through h) in

repeated closings of said plates for forming a filtration chamber and separation of

slurry liquid from slurry solids.

The advantages of the present invention will become apparent after

consideration of the ensuing description and the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not by

way of limitation, in the figures of the accompanying drawings, where:
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FIG. 1 is a schematic sectional view of a pressure-filter apparatus

and peripheral elements in accordance with one embodiment of the present

invention.

FIG. 2 is a schematic sectional view of another embodiment of the

invention.

FIG. 3 is a schematic sectional view of yet another embodiment of

the invention.

FIG. 4 is a schematic sectional view of a filter apparatus including a

vibrator attached to an element that forms a part of the filter chamber.

FIG. 5 is a perspective view of a means for cleaning the filter

medium as used on one form of the invention.

FIG. 6 Is a perspective view of an alternative form of an element of

the cleaning apparatus of FIG. 5.
FIG. 7 is an alternative form of filter medium cleaning apparatus.

FIG. 8 is a schematic diagram of the valving elements and their

control In accord with one form of the present invention.

FIG. 9 is a chart showing possible operations and combination of

operations of the chamber forming apparatus and the peripheral elements.

FIG. 10 is a steam vapor phase graph of temperature verses

pressure.
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For purposes of 1llustration. these figures are not
necessarily drawn to scale. In all of the figures, like
components whereever possible are designated by 1like

refference numerals.

DETAILED DESCRIPTION OF THE INVENTION

Throughout the following description, specific details
are set forth in order to provide a more thorough understanding
of the 1inventlion; however, the invention may be practiced
without these particulars. In other 1instances, well known
elements have not been shown or described to avoid
unnecessarily obscuring the invention. Accordingly, the
speciflcation and drawings are to be regarded in an
l1llustrative, rather than a restrictive, sense.

FIG. 1 1s a schematlc view of a pressure-filter apparatus
accordling to one embodiment of the present invention. The
apparatus 1ncludes an inlet plate 100 and an outlet plate 102,
movable relative to each other, with a filter medium 104
capable of beilng disposed therebetween. Inlet plate 100 has
an 1nlet cavity 106 as well as an inlet port(s) 108 in
communication with cavity 106 and inlet piping (header) 109.
Inlet port 108 may be horizontal, as shown in FIG. 1, or may be
vertlcally disposed. Furthermore, separate inlet ports for
gasses and liqulds may be utilized. 1Inlet cavity 106 1is
bounded by a continuous mating surface 110. Outlet plate 102
incorporates a grid 112, which provides a supporting surface
for fllter medium 104, This supporting surface is bounded by
and substantially coplanar with (e.g., within approximately
1/16 of an inch (1.0mm)) a continuous mating surface 114.
Plate 102 further 1ncludes an outlet cavity 116 for collecting
the filtrate liquids and an exit port 118 for discharging the
flltrate, which may then undergo further processing or be
properly dlsposed. Exit port 118 leads into a filtrate line
122. As viewed from the top, the peripheral shape of plates
100 and 102 may take any form, but 1s usually rectangular or
clrcular.

When plates 100 and 102 are pressed together, as
1llustrated in FIG. 1, a filtration chamber 120 is defined by
inlet cavity 106 and filter medium 104. It should be
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understood that the Iongitudi'nal and transverse dimension of the filter medium
inside chamber 120 exceed the corresponding dimensions of inlet cavity 106. The
depth of the filtration chamber may vary from about 0.25 of an inch (ohe
centimeter) to about 8 inches (20 centimeters), depending on the particular
application. An inlet distributor may be disposed between inlet port 108 and cavity
106 to promote an optimal dispersion of slurry within the filtration chamber and to
allow subsequent application of pressurized fluids without disturbing the uniformi

distribution of slurry inside the filtration chamber.

FI1G. 1 provides only a schematic representation of the filter-plate

configuration and certain elements of the apparatus either have not been shown

or have been shown in simplified form to avoid unnecessarily obscuring the
invention, for example, continuous mating surfaces 110 and 114 may contain
recessed grooves having fluid connections P1 and P2 for providing an effective
seal between the mating surfaces of the filter plates to substantially reduce or
completely eliminate leakage of slurry fluids between the filter plates. The specific
details of such an arrangement is disclosed in U.S. Patent No. 5,059,318.
Similarly, grid 112 represents only one possible structure for providing the
requisite supporting surface for the filter medium 104. Other alternatives for
supporting the filter medium, as well as specific arrangements and construction of
the filter plates, tha filter medium, and other components of the filter apparatus
have been disclosed in U.S. Patents No. 5,292,434, 5,462,677, 5,510,025,
5,573,667, 5,615,713, and 6,491,817. Even though inlet cavity 106 has been
schematically illustrated in FIG. 1 as having square corners and vertical side walls,
in practice it may be beneficial to provide an inlet cavity incorporating tapered side

walls and radiused.corners (not shown) to prevent the filter cake from adhering to

the inside of inlet plate 100.

Referring once again to FIG. 1, in one embodiment of the invention

the pressure-filter apparatus includes a slurry source 124 coupled with inlet piping

109 via a shut-off valve
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B. A source 126 of hot gas 1s coupled with inlet piping 109
through a shut-off valve A. Header 109 111ﬁicludes a drain valve
C. ‘

Source 126 comprises a holding tank whose pressure is
maintained by, e.g., at least one compressor, boiler, or gas
generator. Source 124 comprises a slurry~holding tank having
at least one pressure-supply apparatus, such as a conventional
pump .

Depending on the specific application, different
combinations of flulds and pressures in tanks are possible,
For example, the slurry supplied from sources 124 may bhe
maintalned at a pressure up to about 300 psi. Similarly,
source 126 may contain hot gasses pressurized up to about 500
psl. Source 126 may contain a variety of hot gasses, e.g.,
steam malntained at a tempreature from about 200°F to about
5000F or air/inert gasses maintained at a tempreature up to
about 5500F,

FIG. 1 OPERATION SEQUENCE, OPEN LOOP

1. Plates are closed., Valves A, B, and C are closed.

2 o Valve B 1s opened to fi1ll the filtration chamber with
slurry. Valve B 1s closed once the filtration chamber 1is
filled and the cake 1is formed therein. The duration of
openling for valve B can be determined based on elapsed time or
by measuring back-pressure inside the filtration chamber with
a pressure sensor (e.g., valve B 1s closed when the back
pressure inslde the flltration chamber approaches the slurry-
input pressure). Alternatively, valve B may be shut off when
a flow meter indlcates that the flow rate of slurry has
decreased to a predetermined value or that a predetermined
quantity of slurry has entered the chamber. In yet another
embodiment of the invention, valve B maybe shut off when a load
cell determines that the contents of the filtration chamber
have reached a speclfic weight. As an optional step, header-
draln valve C may be opened to drain the slurry from the header;
valve C 1s then closed.

3. Valve A.1s opened and hot pressurized gas (e.g., steam.
alr or inert gas such as hitrogen) ls Introduced into the
filtration chamber to force the liquids from the slurry cake.
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.The shut-off point of valve A may be determined, e.g., by a

pressure sensor located inslde the filtration chamber or in
the 1nlet pipirig. Alternatively, the shut-off point of valve
A may be based on elapsed time, welght loss, or rate of fluid
out of the filtration chamber.

4., Header drain valve C 1s opened to vent any residual
pressure 1n the flltration rhamber above the ~ake. Next, the
plates are opened so the cake can be removed from the
filtration chamber by advancing the belt.

FIG, 2 1.11ustrates another embodiment of the invention ,
where the pressure-filter apparatus includes a slurry source
124, a source 126 containing hot gas, a source 128 containing
wash fluid, a source 130 containing gas at conventional
pressure, and a source 132 containing gas at elevated pressue.
Sources 124, 126, 128, 130 and 132 are coupled with header 109
via shut-off valves B, A, D, E and F respectively.

Depending on the specific application, different
combinations of flulds and pressures 1n the tanks comprising
sources 124-132 are possible. For example, the slurry
supplied from source 124 may be maintalned at a slurry-input
pressure up to about 300 psi. Similarly, source 126 may
contalin a hot gas at a pressure up to 500 psi. Source 126 may
contain a varlety of hot gasses, e.g., steam maintained at a
temperature up to about 5500F. Wash fluid, which may be a
liquid or a gas, in source 128 may be at an elevated temperature
and may be malntained at a pressure up to about 300 psi.
Sources 130 and 132 may be maintained at a temperature up to
about 5509F and may be malntained at pressures up to about 150
psil (conventional pressure) and up to about 500 psi (elevated
pressure), respectively, and may contaln gasses such as air or
Ilnert gas such as nitrogen. In this particular embodiment of
the invention, for any glven application, source 132 will be
maintalned at a higher pressure than that of source 130, i.e.,
elevated pressure 1is always higher than conventional
pressure. In some cases, pressure 1n sources 128 will be
higher than that 1n sources 124.

FIG., 2 OPERATION SEQUENCE, OPEN LOOP
1, Plates are closed. Valves A, B, C, D, E and F are closed.
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2. Valve B 1s opened to fi1ll the filtqation chamber with

slurry. Valve B 13'cios¢d once the filtration chamber is

filled and a cake 1is formed therein. The duration of opening
of valve B can be determined in substantially the same manner
as described above with respect to the gpparatus of F1G. 1. As
an optional step, header drain valve C may be opened to drain
the slurry from the header; valve C 1s then closed.

3. Optionally, valve D 1s opened to 1ntroduce the cake-wash
f1uld 1into the filtration chamber. Once the washing
operation 1is completed, valve D 1is closed. The duration of
this step may be based, e.g., on elapsed time or on decreased
welght of the contents of the chamber. Alternatively, valve D
may be closed when a flow meter indicates that the flow rate of
wash fluid has reached a predetermined value or that a
predetermined quantity of wash fluild has entered the
filtration chamber or the dealred properties in the effluent
have been reached. Header drain valve C may also be opened to
drailn the cake-wash fluid from the header, valve C 1s then
closed.

4. Valve F is opened and gas at elevated pressure or elevated
pressure and temperature 1s introduced into the filtration
chamber to force the ligquids from the slurry cake. The shut-
of f point of valve F may be determined, e.g., by a pressure
sensor located inside the filtration chamber or in the inlet
piping. Alternatively, the shut-off point of valve F may be
based on elapsed time, decrease 1n welght of the contents of
the filtration chamber, or flow rate of fluld out of the
chamber.

5. When the residual pressure in the filtratlon chamber
drops sufficiently to be substantially equal to conventional
pressure, valve E 1s opened and gas at conventlonal pressure or
conventional pressure with elevated temperature 1s introduced
into the filtration chamber to force the residual 1liquids from
the slurry cake. The shut-off point of valve E may De
determined in substantially the same manner as that of valve F
in the preceding step. |

6. Valve A is opened and hot gas (e.g., steam, air or inert
gas such as.nitrogen) 1s introduced into the filtration
chamber to force any residual liquids from the slurry cake and
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to dry the cake. The shut-off polint of valve A may be
determlned, e.g., based. on back-pfessure inside the
filtration chamber, elapsed time, or a comblnation of these
parameters.

T Header drain valve C 1s opened to vent any residual
pressure in the filtration chamber above the cake. Next, the
plates are opened so that the cake can be removed from the
filtration chamber by advancing the belt.

FIG. 3 1illustrates yet another embodiment of the
invention, where the pressure filter apparatus 1includes a
slurry source 124, a source 126 containing hot gas, a source
128 containing wash fluid, and a source 134 also containing hot
gas. Hot gas source 134 is coupled with a conventional
automatic system pressure and heat recovery unit 136,
Sources 124, 126, 128 and 134 are coupled with header 109 via
shut-off valves B, A, D and G, respectively. Flltrate line
122 discharges into a filtrate tank 138 through a shut-off
valve I. Piltrate line 122 further includes a filtrate vent
140, terminating in a shut-off valve H. Filtrate tank 138 is
coupled with hot-gas source 134 and is at the same pressure
therewith.

Depending on the specific application, different
combinations of fluids and pressures in the tanks comprising
sources 124, 128, 126 and 134 are possible. For example, the
slurry supplied from source 124 may be maintained at a pressure
up to about 300 psi. Source 126 may contaln a hot gas at a
pressure up to about 500 psi. Source 126 may containa variety
of hot gasses, e.g., steammaintained at a temperature of about
2000F to about 550CF or aif/inert gasses maintained at a
temperature up to about 5500F. Similarly, source 134 may
contaln a hot gas at a pressure up to about 150 psi (system
pressure). Source 134 may contaln a variety of hot gasses,
e.g., steam maintained at a temperature from about 200CF to
about 3600F or air/inert gasses maintained at a temperature up
to about 5500F., Wash fluid in source 128 may be maintained at
a pressure up to about 300 psil and/or at temperature 5500F, In
thlis particular embodiment of the 1nvention, for any given
application, system pressure 1s lower than the pressures
maintained in sources 124, 126 and 128. In some cases,
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pressure 1n source 128 will be higher than that 1n source 124.

FIG. 3, OPERATION SEQUENCE, CLOSED LOOP

1. Plates are closed. Valves A, B, C, D, G, H and I are
closed.

e . System 1s pressurized by opening valve G. As an optilonal
step, while valve G 1s open, valve H may be opened to preheat
the filtration chamber and to purge preexisting air from the
chamber. Valve H 1s then closed, followed by closing valve G,
After valve H is closed, valve G should remain open long enough
so that the pressure in the filtration chamber becomes equal to

system pressure.

3. Valve I 1s opened.

4, Valve B 1s opened to fill the filtration chamber with
slurry. Valve B 1s closed after the slurry fill is complete.
The duration of opening of valve B can be determined 1in
substantlally the same manner as described above with respect
to the apparatus of FIG. 1. As an optional step, header drain
valve C may be opened to draln the slurry from the header; valve
C 1s then closed.

5. Optlonally, valve D 1is opened to introduce the cake-wash
fluid 1nto the flltration chamber. Once the washing
operation 1s completed, valve D 1s closed. The duration of
this step may be based, e.g. , On elapsed time. Alternatively,
valve D may be closed when a f’idw‘ meter indicates that the flow
rate of wash fluld is decreased to a predetermined value or
that a predefermined quantity of wash fluid has entered the
filtration chamber. Header drain valve C may also be opened
to draln the cake-wash fluld from the header; valve C is then
closed.

6. Valve A is opened and hot gas 1s introduced into the
filtration chamber to force the liquids from the slurry cake.
The shut-off point of valve A may be determined based on the
back pressure inslde the chamber, elapsed time, decrease in
welght of the contents of the chamber, or a combination of
these parameters. As anoption, while valve A 1s open, flow of
hot gas through valve I may be restricted to maximize the
interaction dwell time between the not gas and the filter cake.
7. Valve I 1s closed to prevent syétem pressure from
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entering l6wer plate 102.

8. Valﬁé H is opened to vent pressure below the cake,

9. Valve C 1s opened to vent any residual pressure in the
filtration chamber above the cake. Next, the plates are
opened so the cake can be removed t'rom the filtration chamber
by advancing the belt.

Iin yet another embodiment ot the invention, the pressure-
filter apparatus includes a vibrator 200, attached to inlet
plate 100, as shown in FIG. 4. The vibrator serves to help
dislodge residual fragments of the cake continuing to adhere
to the inlet plate after the dry cake has been removed from the
filtration chamber at the end of the filtration cycle. In one
embodliment of the invention, the vibrator may be pneumatically
or eLectrically operated. Proximity switches 202 and 204 are
positioned such that vertlcal motion of plate 100 causes the
switcnes TO be activated. The switches are coupled to a
programmable logic controller 30 shown schematically in FIQG.
3.

FIG.4, OPERATION SEQUENCE, VIBRATOR

1. As the plates begin to open (1.e., plate 100 1s raised),
the wvibrator 1s turned on by the programmable 1logic
controller.
2 The plates stop opening when the proximity switch 204 1is
activated by upward motion of plate 100.
3. Belt 104 1is moved from the filtration chamber and
discharges the cake.
4, Plates begin to close (1.e., plate 100 is lowered). As
switch 202 1s activated, the downward motion of plate 100 1s
arrested. The vibrator 1s then turned off and the drive of
belt 104 is activated once more to discharge any remnants of
the cake dlislodged by the vibrator and is then stopped 1n the
"home" posltlon.,.
“ e Plates close,

1'nose skilled in the art will apprecliate that dependiling
on the application, various modes of operatlion of the vibrator
are possible, including continous operation without shutdown.

In yet another embodiment of the invention, deplcted with
ret'erence to FIG. 5, the pressure-filter apparatus may include
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a brush 300 provided for cleaning belt 104. The brush has

patterned bristles 301 and is coupled by a conventional drive
mechanism 302, e.g., a chaindrive, to a belt pulley 115, which
may be driven by a motor 117. Two examples of a plurality of
posslible bristle patterns are illustrated in FIGs. 5 and 6.
Bristle 301 may have variable stiffness, from coarse to soft.

'Dr'ive mechanlism 302 may 1ncorporate a brush~adjustment

mechanism. In one embodiment, the gearing of drive mechanism
302 and the dlameters of the brush and the belt pulley may be
selected such that the linear speed of the brush is four times
that of the iinear spead of ‘the belt. Other ratlos between
belt speed and brush speed may be beneficial, depending on the
application. Brush 300 may also be powered by a dedicated
motor or may be geared to an 1dler pulley at the opposite end of
the filter. Brushes at both ends of the filter may also be
utilized. A collection bin 304 i1s used to gather the debris
dislodged by the brush(s). |

As shown 1in FIG. 7, 1n yet another embodiment of the
invention , the pressure-filter apparatus may include a roller
400 with substantially-rigid vanes or cup wipers 402 for
cleaning the belt. Roller 400 may be driven 1in a manner
substantlially slimilar to that of brush 300 described with
reference to FIG. 5. Roller 400 may also be used 1in
combination with brush 300.

FIG. 8 1s a schematlic diagram of an embodiment with one
possible set of valving elements and thelr control in
operating a fillter apparatus 1in accord with the present
Invention. A fllter chamber 120 1s produced by the 1inlet
plate 100 and the outlet plate 102 with the filter medium 104
disposed therebetween. As i1llustrated there are sources of
several flulds and gasses with output controlled by valves and
a programmable controller 80 through input and output
connectlon illustrated by dotted lines from the controller to
the valves and reverse. The controller 80 also includes
elements for programed control of the closing and opening of
the 1nlet plate 100 and outlet plate 102. The controller may
be supplied with the pressure, temperature and level sensors
within <the filter chamber for the purposes that have
previously been described.
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As illustrated, an ,i'nlzet for slurry feéd 801 1s connected
through valve B to an input header 800. ”Tﬁé;header 800 1is
represented by a single line; however, 1t should be understood
that the single line represents the input of slurry and various
gasses and a 11quid into plate 100. A discharge header 808 1is
shown for effluent flltrate liqulds and/or gasses from plate
102 for the filter apparatus as illustrated in FIG. 1. '

Connected to the input header 800 at the discharge end 1is
an outlet for header drain 102 through valve C for dralning
slurry feed after the chamber has been filled. Connected to
the input header 800 at the input end is an inlet for blowdown
gas 803 through valve E/F, an inlet for wash fluild 806 through
valve D, an inlet for steam 809 through valve A. Each of the
valves E/F, D and A being controlled by and having feedback to
the controller 80.

A seal air source 805 is connected through a valve P1/P2
for the purpose described with respect to FIG. 1. Aninlet for
belt wash source 804 controlled through valve W 1s operated by
the controller 80.

Dotted lines from the chamber 120 and from the belt drive
system 1llustrate control from and feedback to the controller
80 for opening and closing the chamber and for operatling the
inlet of belt wash 804 (or the brush system of FIGs. 5-7) to
clean the filter mediun 104 when the inlet plates 100 and 102
are separated in preparation for reentry into the apparatus
when the next fllter cycle 1is 1nitiated.

Discharge header 808 is connected to a main outlet 811
through a suitable valve 812 and to a restricted outlet 813
through a valve 814 and an adjustable valve 815. The
discharge header 808 caries effluent filtrate and any wash
flulds or gasses that pass through the filter cake formed
within the chamber 120. Those flulds may be used to pretreat
imput fluids or may be connected to collectlon apparatus.
When the chamber 120 is to be pressurized (before, during or
after slurry input), the valve 815 si used to maintain a
desired system pressure. All of these valves can be under
control by the controller 80.

Because the filter apparatus operated in accord with the
present invention can produce differing filtrates based on the
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input of air, hot air, hot gases, steam or wash flulds of
different chemical composition, ther'é ¢can be different
filtrates produced at different times durlng the operation.
In some cases the filtrate can be the desired product and/or
the flltrate can be recirculated to pretreat certain of the
input materials to the apparatus. FIG. 8 also illustrates an
outlet for slurry recirculation 8310 operated by valve I under
control of the controller 80. The recirculated filtrate is
avallable for reclrculation to pretreat, for example, the
slurry input 801, the inlet blow down gas 803, the 1nlet of wash
flulds 806 or the inlet for steam 809.

FIG. 9 is a representative example of posslible sequence
of operation of the valves of FIG. 8 under control by the
controller 80. In the chart of FIG. 9 "C" represents a closed
valve, "O" an open valve and an asterlisk "#" by an "O¥*" opr "C¥*™"
Indicates optional operation of the respectlive valve during an
operation of the apparatus. The chart represents a complete
cycle of a fllter apparatus 1In accord with the present
invention from plate closing, slurry filling, cake wash,
blowdown, open plates and cake discharge.

The operation of the filter apparatus in accord with the
present inventlion permits the treatment of slurry to separate
the slurry into slurry solids and slurry liquid. The present
apparatus can be operated at pressure below atmospheric
(vacuum) or at elevated pressure up to about 500 psi. The
apparatus can operate wlth temperatures 1n the range of
ambient to about 5500 F so as to treat slurriles at varying
temperature ranges. Under the control of a suiltable
controller, the apparatus can be programmed to treat slurries
in a sequence of hot air, hot gasses, liquids and/or steam in
repeated sequences. In some cases the chamber 1s filled with
slurry, then dewatered, then fillled again in one or more
cycles. A particular advantage 1is avallable because the
filter chamber can sustailn elevated pressure and, under such
pressures, steam passing through the filter cake formed in the
chamber can remaln dry while transferring useful heat to the
filter cake.

FIG 10 illustrates a well known vapor phase dliagram of
steam 11llustrating in the "x" axis temperature and in the "y"
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axis pressure. The plotted line represents the transition of
vapor to dry steam at a temperature and pressure.

The use of dry steam 1s a particularly desireable feature
for the treatment of those slurries where the resultant filter
cake 1is 1improved when heated but cannot withstand wet
treatment while heated. A varliety of temperature and
pressure treatments can be treated with the present apparatus.

The use of hot gas as a slurry treatment has been shown to
improve the efficiency of the separatlion process and has
permitted the production of a drier filter cake 1n discharge
from the apparatus. Combinations of hot gas, inert gasses and
steam have produced improved quality filter cake and/or
filtrate and have been shown to reduce the amount of utilities
needed to produce a dry filter cake.

As a side requirement in the treatment of slurrlies that
produce a filter cake that cannot be subject to molst
conditions, the present 1invention provides for the dry
treatment in cleaning a filter medium. Residual liquid on a
belt cleaned wlth wash fluids can cause adverse conditlions
within the filter chamber. With the dry filter belt cleaning
system of FIGs., 5-7, the filter medium 104 is brushed by brush
300 having a pattern of bristles 103 that effectlvely removes
residual filter cake solids from the medium 104. The brush
cleaning can'be effected at both ends of the apparatus; 1l.e.,
when the belt leaves the chambe'r' and again before 1t reenters
the chamber.

The belt illustrated in the FIGs. 5-7 and described above
for cleaning is a filter medium that collects the solids of the
slurry when the liquids are forced out as effluent. The
filter medium may be specifically designed for the particular
slurry being separated and particularly for the pressure and
temperature ranges to be encountered within the filter chamber
in a slurry separation process. Filter medium of varlous
constructions are described in U.S Patent 5,462,677,
5,477,891 and 5,615,713 which are incorporated by reference.

Some of the features of the present apparatus and 1ts
operation permit the reduction 1in utilities needed for
completing a filter operation. One such reductlon 1s
accomplished by using hot alr in forcing fluids from the slurry
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within the chamber. The usual compressor that supplles high
pressure alr heats the air 1n the process of 1increasing 1ts
pressure. Frequently, suchalr compressors are equipped with
an air cooler in a system that passes the compressed alr to an
accumulator. With the present apparatus, that cooler can be
eliminated because the filter apparatus can accomodate the
high pressure air and high pressure ailr at elevated
temperature. If the slurry being filltered to produce a
desired filter cake can accept the elevated temperature filter
gas, the cost of operating a compressed gas cooler can be
eliminated, thus reducling that utility cost.

Another utility cost saving can be avallable through the.
discharge of hot filter cake from the filter apparatus. Some
filter systems discharge a filter cake that must be further
dried by belng passed 1into a dryer. With the present
invention, a substantially dry filter cake can be created and
discharged at an elevated temperature. Such a filter cake
discharge can completely eliminate the need for additional
drylng and thus eliminate another utlllity expense.

Some filtration processes requlire a cooled filter cake
while the creatlion of the cake can be produced in a more
efficient manner if hot gas or steam 1s used in the filtration
process. In such a case, the present apparatus and 1ts
programmable controller can be programmed to cool the filter
cake with cool dry alr or gas within the chamber prior to the
discharge of the cake from the chamber.

The processes of the present lnvention can be applied to
the filter apparatus 1llustrated or may be applied to an
expression fllter that uses a diaphragm or flexible plate
component to squeeze the slurry and cake formed to remove
slurry liquids and/or, if cake wash 1s used, to squeeze and
remove cake wash fluid(s). By proper design of such filters
and filtration method, the slurry and/or cake can be treated
wilth hot gas, hot lnert gas, or steam prior to the squeeze of
the diaphragm or flexible plate component, as well as af'ter the

"cake 1s formed and/or squeezed; or combination treated with

hot gas, hot 1lnert gas, or steam both prior to squeezing and
after squeezing. In the case of dual-sided- filtration or
dual-sided filtratlon expression filters with filter medium
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on both sides of the cake forming area, the hot gas, hot inert

| gas, ahd’/ér' steam can be applied through thé f‘iiter' medium 1nto’-~:ﬁ

the cake, or between the filter medium where cake is formed.

Often, a more efficient filtration process 1is
accomplished with the present filter apparatus. However, it
should be noted that the methods of the present invention can
be applied to other filters. _

An understanding of the difference between wet steam and
dry steam 1s helpful in appreciating the advantages of the
present hot gas and steam drive for removing liquids from a
slurry. The vapor phase of steam 1s determined by the
temperature and the pressure of the steam. Considering a
Pressure/Temperature graph as l1llustrated in FIG. 10 of the
drawlings 1t can be seen that if the temperature of the steam 1s
maintained above a temperature to the right of the vapor phase
curve, the steamwill always be "dry" and not precipitate water
onto a filtfer cake. In the same way, 1f the pressure of the
steam 1is mailntalned above the left of the curve, the steamwill
be "dry" at that temperature. This condition is of particular
advantage to the present apparatus because the chamber of the
fillter apparatus can be closed and the pressure within the
chamber can be elevated to as high as 500 psi. Lilkewise, the
chamber can be evacuated to create a vacuum within the chamber
to reduce the temperature of the steam within the chamber when
"dry" steam is desired. The chamber can be operated at =-8.0
psi. A reference to standard steam tables well known in the
art will show that the bolling point of water can be reduced 1n
a vacuum or 1lncreased 1n a pressurized system. Steam for the
present 1nventlon can be used 1n the temperature ranges of
about 80°C to about 230°9C. If the slurry being filtered
cannot wlthstand high temperature, a wvacuum can be created
within the chamber. If the slurry can withstand elevated
temperature, the chamber can be pressurized and steam can be
passed through the cake in the filtration process. In both
cases, The pressure and temperature within the chamber can be
controlled to keep the desired "dry" quallty of the steam.
Steam is a more efficient heat transfer material because it can
be malntained "dry" by controlling the pressure of the steam.

W1lth the present invention and the control of the passage
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of f‘iltrate_- and filter cake, the heat created dur'ing- the
filtrat’io’n process can be r'ecfover'ed‘by pretreating the slurry
or hot gasses with the heated products of the flltratlion
process. The hot or heated flltrate can be recirculated into
contact with the slurry or used to preheat the chamber or
filtratlion gasses.

The filter apparatus can be controlled by a programmable
controller in many differing cycles; those cycles belng
determined by the desired quality of the filtrate or the filter
cake. In some cycles, awash fluid is first passed through the
filter cake to extract certain materials or liquids from the
sluyry. Those materials or liqulds can be withdrawn from the
filter chamber to a selected discharge locatlion. The later
extraction of 1iquids from the cake can be a different effluent
and may be sent to a different location. The controller
controls the operatlion of several separate valves that
introduce different materials to the filtration chamber.
Those materials can be used to preheat the chamber, €to
introduce the slurry, to lntroduce wash fluids, to 1ntroduce
hot gas, 1nert gas or steam, 1n any desired sequence or
repeated sequence. The objective of the filtratlon process
may be to produce a desired filter cake or a desired effluent
and the apparatus can be operated to produce the desired end
products.

While certalin preferred embodiments of the invention
have been specifically disclosed, 1t should be understood that
the invention is not 1limited thereto as many variations will be
readlly apparent to those skilled in the art and the inventlion
is to be glven 1ts broadest posslble interpretation wthin the
terms of the following clailms.
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CLAIMS:
1. A method for operating a temperature controllable and pressurizable

fixed volume pressure filter apparatus formed with an openable filtration chamber
for separating a quantity of slurry into slurry solids and slurry liquids to form a

substantially dry slurry solids filter cake, said apparatus comprising:

at least one pressure sealable fixed volume filtration chamber
consisting of an upper inlet plate having an inlet cavity, a lower outlet plate having
an outlet cavity, said inlet plate and outlet plate having continuous mating surfaces
to form a sealable internal cavity, said inlet plate having entry port means into said
sealable internal cavity and said outlet plate having exit port means for exit from
said internal cavity, said lower outlet plate including a fixed porous subpor‘t grid
adjacent to said mating surfaces, said filtration chamber of fixed volume being
formed between the interior of said inlet cavity and the surface of said porous grid
when said mating surfaces of said inlet plate and outlet plate are sealed against.
each other, means for opening and closing said filtration chamber by relatively '

moving said upper and lower plates,

a movable porous filter medium, said medium being disposed within

said filtration chamber between said continuous mating and sealing surfaces of

said upper and lower plates and supported on said fixed porous support grid when
said filtration chamber is closed and movable through said filtration chamber when

said filtration chamber is open,

means for moving said filter medium through said fiitration chamber

when said filtration chamber is open,

a source of slurry, said source of slurry coupled with said at least

one filtration chamber through said input port means when said plateé are closed,

at least one source of temperature controllable and pressurizable

fluid cdupled with said at least one filtration chamber through said input port

means when said plates are closed,
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separate valving means for controlling entry of said slurry and said
temperature controlled and pressurizable fluid into said at least one filtration

chamber after each closing of said filtration chamber,

means for controlling said separate valving means to uniformly
distribute said slurry into said filtration chamber after each closing of said filtration
chamber and for introducing said temperature controllable and pressurizable fluid
into said filtration chamber at predetermined pressure and temperature when said
filtration chamber is closed for separating slurry liquid from said slurry and passing
said separated slurry liquid through said exit port means to form said slurry solids

filter cake on said filter medium,

and means for moving said filter medium through said filtration

chamber after each closing of said filtration chamber and when said filtration

chamber is open by separation of said plates for discharging said slurry solids

filter cake from said apparatus,
the method including by the method steps of:

a) after each closing of said upper and lower plates to establish said

at least one pressure sealable fixed volume sealed filtration chamber with said f

filter medium supported within said filtration chamber between said continuously
mating surfaces, uniformly distributing said quantity of slurry in said at least one
sealed filtration chamber after said closing of said filtration chamber, pressurizing

and temperature controlling said sealed filtration chamber to a predetermined

pressure and temperature,

b) after forming said sealed filtration chamber forcing a first portion
of said slurry liquid from said distributed slurry through the said filter medium and

through said exit port means in said sealed filtration chamber with a first quantity

of said predetermined temperature controllable and pressurizable fluid to produce

an initially formed filter cake of slurry solids and any retained portions of said

slurry liquids within said filtration chamber on said filter medium, and

¢) after forming said filtration chamber and while said sealable

filtration chamber is closed and temperature and pressure controlied at least to
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said first predetermined temperature and pressure, introducing and passing dry
hot gas fluid through said filter medium and said initially formed filter cake to heat

and displace said retained portion of said slurry liquid from said filter cake and
through said exit port means to form said substantially dry slurry solids filter cake
on said filter medium, said introduced and passed dry hot gas fluid being
maintained at least as high in temperature and pressure as the temperature and
~pressuré in said sealed filtration chamber so as to maintained said dry hot gas
fluid in its dry state and to prevent any liquids in said hot gas fluid from changing

phase from dry to wet,

d) after predetermined conditions have been attained, discontinuing

said introduction and passing of dry hot gas fluid,

e) after discontinuing said introduction of dry hot gas fluid, venting

said filtration chamber,

f) opening said filtration chamber by relatively moving said upper and

lower plates,

g) then moving said substantially dry slurry solids filter cake on said

fiter medium through said open filtration chamber,

h) diséharging from said open filtration chamber and from said filter
medium said substantially dry slurry solids filter cake from said filtration chamber

formed during each closing of said filter apparatus on said filter medium, and

) repeating said steps a) through f) for successive closing and
opening of said upper and lower plates in repeated operation of said pressure filter

apparatus and for forming said substantially dry filter cake on said filter medium.

2. ' The method of claim 1 wherein said dry hot gas is dry steam.

3. The method of claim 1 wherein said dry hot gas is hot air, hot inert‘

gas or steam, or combinations thereof.

4. The method of claim 1 wherein said hot gas fluid is hot gas or hot

air, hot inert gas or steam, or combinations thereof, and is passed through said
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initially formed filter cake during each closing of said filter apparatus in a sequence

of individual selection of hot air, hot inert gas or steam, or combinations thereof, in
an order determined by an initial analysis of the slurry to be separated into slurry

solids and slurry liquid.

D. The method of claim 1 wherein said slurry is initially pre-treated with
heat from hot air, hot inert gas or steam, or combinations thereof during each
closing of said filter apparatus, while being uniformly distributed in said filtration

chamber.

6. The method of claim 1 wherein during each closing of said filter

apparatus introducing said first portion of said introduced temperature controllable

and pressurizable fluid includes using hot wash fluid.

7. The method of claim 1 wherein said filtration chamber is preheated

prior to having said slurry uniformly distributed therein.

8. | The method of claim 7 wherein said fixed volume filtration chamber
when sealed is pressurized with hot gas, hot inert gas, steam, or combinations f

thereof, prior to having said slurry uniformly distributed therein.

0. The method of claim 4 wherein said sequence of passing hot air, hot
inert gas or steam, or combinations thereof, through said filter cake is a repeated

sequence of selected hot air, hot inert gas or steam, or combinations thereof.

10. The method of claim 1 with the additional step of passing air or gas
through said filter cake after said hot gas to cool said filter cake prior to

discharging said dry filter cake from said open filtration chamber.

11. ' The method of claim 1 wherein sald displaced slurry liquid from said

pressurized filtration chamber Is recirculated into contact with said slurry or hot
gas to transfer heat from said displaced slurry liquid to preheat said slurry or hot

gas.

12. The method of claim 1 wherein said introduced hot gas fluid is hot

air, hot gas or dry steam at elevated temperature and pressure when introduced

into said filtration chamber and when exiting from said chamber.
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13. The method of claim 12 wherein said hot gas fluid is at a
temperature of about 80°C to about 230°C.

14. The method of claim 12 wherein said hot gas fluid is at a pressure
about -55.16 kKPA (-8.0 psi) to about 2,757.92 kPA (400 psi).

15. The method of claim 1 wherein said introduced and passed dry hot
gas fluid is selected by analysis of said slurry to be separated so as to prevent
unwanted structural changes in said slurry solids in said filter cake formed in said

pressurized filtration chamber.

16. The method of claim 1 wherein means are provided in or associated

with said filtration chamber for sensing conditions of temperature, pressure and filter
cake formed condition, or combinations thereof, for controlling the distribution of said
slurry in said filtration chamber and for controlling the introduction of said dry hot gas

fluid to said filtration chamber during each closing of said filter apparatus.

17. The method of claim 16 including the steps of sensing the
temperature and pressure within said pressurized filtration chamber, controlling |
said distribution of slurry into said filtration chamber, and said introduction and
passing of said dry hot gas fluid is in accord with said sensed conditions within

said pressurized filtration chamber.

18. The method of claim 1 including the step of sealing said filtration
chamber during each closing of said filter apparatus prior to distribution of said
slurry, and then elevating the pressure in said sealed filtration chamber to a
predetermined pressure.

19. The method of claim 1 wherein said at least one filtration chamber

has a plurality of entry ports and exit ports for selectively entering said slurry or f
said hot gas fluid into said filtration chamber and for exiting liquids and hot gas

fluid from said filtration chamber.
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20. A pressure filter apparatus for separating a slurry into separated
slurry liquids and slurry solids and for forming a substantially dry slurry solids filter

cake on a filter medium from said slurry during a single closing of said filter

apparatus comprising:

a) an upper inlet plate having an inlet cavity, a lower outlet plate
having an outlet cavity, said inlet plate and outlet plate having continuous mating
surfaces to form a sealable internal filtration chamber, said inlet plate having entry
port means into said sealable internal filtration chamber and said outlet plate
having exit port means for exit from said filtration chamber, said lower outlet plate
including a fixed porous support grid adjacent to said mating surfaces, a fixed
volume filtration chamber being formed between the interior of said inlet cavity and
the surface of said porous grid when said mating surfaces of said inlet plate and
outlet plate are sealed against each other, means for temperature controlling and

pressurizing said formed fixed volume filtration chamber,

b) a filter medium, said medium being supported on said fixed
surface of said grid and sealed between said continuous mating surfaces of said
upper and lower plates while said plates are closed and during each closing of
said filter apparatus and movable through said filtration chamber when said

filtration chamber is open,

¢) means for moving said filter medium through said filtration
chamber when said upper and lower plates are separated and when said filtration

chamber Is open,

d) a source of slurry coupled with said fixed volume filtration
chamber during each closing of said filter apparatus and when said plates are

closed,

e) at least one source of temperature controllable and
pressurizeable fluid coupled with said filtration chamber at said entry port means
during each closing of said plates during forming of said filtration chamber, said
temperature controllable and pressurizeable fluid being controllable to maintain

said fluid in dry condition when within said pressurized filtration chamber,



10

15

20

29

CA 02473675 2010-05-12

71458-18

25

f) separate valving means for controlling entry of said slurry and said
temperature controllable and pressurizable fluid into said filtration chamber at said

entry port means during each closing of said plates forming said filtration

chamber,

g) means for controlling said separate valving means to uniformly
distribute said slurry into said filtration chamber and for introducing said
temperature controllable and pressurizable fluid into said filtration chamber at
predetermined pressure and temperature during each closing of said plates during
forming of said filtration chamber to pressurize and control said filtration chamber
and for passing said temperature controllable and pressurizable fluid through said
slurry within said fixed volume filtration chamber for separating slurry liquid for exit
at said exit port from said slurry to form said slurry solids cake on said filter

medium,

h) means for controlling movement of said filter medium through said
filtration chamber when said filtration chamber is open for discharging said slurry

solids cake from said filter apparatus on said filter medium, and

1) means for controlling repeated operations of said means in
paragraphs a) through h) in repeated closings of said plates for forming a filtration

chamber and separation of slurry liquid from slurry solids.

21. The apparatus of claim 20 wherein said at least one source of
temperature controllable and pressurizable fluid coupled to said at least one
filtration chamber at said entry port includes a source of temperature controllable

and pressurizable hot gas.

22. The apparatus of claim 21 wherein said source of hot gas includes

hot air, hot inert gas, or steam, or combinations thereof.

23. The apparatus of claim 22 wherein said source of temperature
controllable and pressurizable fluid includes a steam source that produces steam

at elevated pressure and temperature.
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24. The apparatus of claim 20 wherein said means for controlling said
separate valving means is a programmable controller that can be programmed to
pass said slurry and said at least one source of temperature controllable and
pressurizable fluid into said at least one filtration chamber during each formation

of a filtration chamber in a desired sequence of any one or all of the following

steps:
initiating the formation of a filter cake,

dewatering said cake,

washing said cake,

changing the temperature of said cake, or
discharging said cake from said filter apparatus.

25. The apparatus of claim 20 wherein said apparatus includes means
for coupling said separated slurry liquids with at least one of said sources of slurry
or said source of temperature controllable and pressurizable fluid to pretreat said

sources prior to entry into said filter apparatus.

26. The apparatus of claim 24 wherein said programmable controller is
programmed to apply hot air, hot inert gas or steam, or combinations thereof, in
preprogrammed sequences from said at least one source of temperature

controllable and pressurizable fluid to produce said substantially dry filter cake.

27 . The apparatus of claim 20 having a source of compressed air, a
source of inert gas, and a steam source being connected to said apparatus and
sald source of temperature controllable and pressurizable fluid being coupled with
sald source of compressed air, source of inert gas and steam source to coordinate
pressure, temperature and conditions within said formed filtration chamber with

conditions in said source of compressed air, source of inert gas and steam source.

28. The apparatus of claim 20 including means for supplying wash fluids
to said formed filtration chamber during each closing of said filter apparatus for

treating said substantially dry filter cake.
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29. The apparatus of claim 20 wherein said filter medium is disposed
within said at least one filtration chamber for supporting said substantially dry filter
cake, and said means for transporting said filter medium through said filtration
chamber includes means for cleaning said filter medium after said slurry solids

cake has been discharged from said filtration chamber on said filter medium.

30. The apparatus of claim 20 wherein said means for cleaning Is a

driven brush mechanism that contacts said filter medium.

31. The apparatus of claim 20 wherein said cleaning means includes a

source of fluid for cleaning and treating said filter medium.

32. The apparatus of claim 20 including vibrator means connected to
said formed filtration chamber for vibrating said chamber during said discharge of

said dry filter cake from said apparatus.
33. The apparatus of claim 20 wherein said apparatus includes:

a plurality of upper and lower plates for forming a plurality of fixed
volume filtration chambers in operating cooperation and each formed fiitration
chamber operating to separate liquids and solids in a slurry during each closing of

each filtration chamber,

said source of slurry coupled to each of said plurality of formed

filtration chambers,

said source of temperature controllable and pressurizable fluid

coupled to each of said formed filtration chambers,

said separate valving means includes valving means associated with

each of said filtration chambers, and

said means for moving said filter medium for discharging said dry
filter cake from said filtration chamber is coupled to each of said plurality of formed

filtration chambers.
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34. A pressure filter apparatus according to claim 20 wherein said at

least one filtration chamber is a dual sided filtration chamber including filter media

on both sides of said chamber,

said slurry input means is connected to said formed filtration

chamber between said filter media on both sides of said chamber,

said at least one source of temperature controllable and
pressurizable fluid is coupled to said filtration chamber between said filter media,
said at least one source of temperature controllable and pressurizable fluid

including hot gas, inert gas and steam, or combinations thereof,

said apparatus includes a flexible diaphragm in cooperating

engagement with said filter media,

and fluid means coupled to said flexible diaphragm for squeezing
said diaphragm against said filter media for removing liquids from said slurry
within said filtration chamber and for forming said substantially dry filter cake on

said filter media.
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