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{54) Title: METIIOD AND APPARATUS FOR EXTRACTING LIQUID PRESENT IN A ITUMID MASS

{57) Abstract: A system for exmracting a liquid by pressing a humid mass, said system comprising at least one extraction channel,
which extraction channel heing provided with at least one inlet allowing to feed the extraction channel with the humid mass to be
treated; with walls provided with holes allowing the fTow ol the Tiquid contained in the humid mass being pressed: and with at
Jeast one oullet allowing the discharge of the dehydrated mass obiained by pressing in the extraction channel, wherein said system is
characterized in that the outlet of said channel, positioned between the walls provided with holes and the exterior, is free of constraints
or only compriscs weak constraints whose level is controlled as a function of physical parameters. ‘This system is suitable for the
efficient continuous dewatering treatment of a feeding source with a composition, consistency and nature of the solid particles present
in the leeding source susceplible 1o vary during the processing.
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METHOD AND APPARATUS FOR EXTRACTING LIWUID PRESENT IN A HUMID MASS

FIELD OF THE INVENTION

The present invention relates to a system for processing liquid containing material
such as bulk, past or slurry material. This system is particularly interesting as a system
for continuously extracting a liquid from a humid material by pressuring said material
and/or by recovering the compressed and dehumidified material. This system is
furthermore particularly interesting for the continuous treatment of feeding material
having a composition that changes during the processing of said material and/or for
the continuous treatment of humid masses having a strong aptitude for salting out the

liquid phase.

BACKGROUND OF THE INVENTION

Various systems for extracting liquid and/or for compacting solid matters present in a
solid-liquid material are known from the prior art. Such systems are used inter alia for
the treatment of pulps resulting from paper industries, waste water treatment, mineral
processing, agriculture and food processing, fisheries, breweries, wineries, chemical

processing, oil and tar sand industry, etc....

Known batch systems perform only filtration by using the feed pressure to force the
liquid out through the mass of solid-liquid material and a filtering means. By

combining filtration and mechanical pressure, a dryer cake is recovered.

Such batch systems as those described in patent U.S-A-4.565.602, are successfully
used in the de-watering treatment of low-consistency slurries containing fine particles
but are not suited for the treatment of pastes solid-liquid materials containing large

particles.
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In order to overcome the above-mentioned limitations of the batch systems and in
order to improve the efficiency of dewatering plants, continuous systems have been
developed. For example US-A-4,534,868 desctibes a U-channel rotary press allowing
the treatment of pastes and fibrous solid-liquid material. But this system was found
not to be appropriate for the treatment of slurries containing fine particles, particularly

for pastes containing fibrous materials.

Further continuous systems which are improvements of the system according to US-
A-4.534.868 are described in US-A-4,986,881, US-A-4,534,868 an;i US-A-5,213,686.
However, those systems still present limitations in a continuous use since the structure
and particularly the size and the form of the constituting elements of the system
should be carefully adapted to the specific composition and/or consistency of the
liquid-solid material to be treated otherwise blockage of the system occurs and poor

yields are unavoidable.

US-A-5.205.941 describes a dewatering system having a number of rotors rotable in a
cylindrical press housing with an inlet channel defining an inlet for a humid mass into
the housing, a mechanism for equalising the amount of the mass fed to the inlet
channel. A screw feeder is associated with each inlet channel, and equalization is
accomplished by providing opening communication between the screw feeders at
their pressure ends, adjacent the inlet channels. A module having a conduit associated
with each inlet channel, and a cross over tunnel at the portion of the module adjacent
the press housing, is disposed between the feeder screw housing and the press
housing. The mass outlet of the press housing including a restrictor pate and means
for applying a load to said restrictor plate. The use of this system is limited to the
treatment of liquid-solid material with a high viscosity and containing (fine, large)
particles. Such a system is not suited for the treatment of solid-liquid material feeding

with a liquid concentration that may change during processing.

The restraint system existing in equipment such as those rotative extractors described
in the Canadian patent CA-A-1,193,903 and in patent US-A-5,344,575 does not

permit the dehydration of some sludges containing materials with a high dehydration
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potential and with a high friction potential of the product at the exit of the equipment
(cake).

In effect, such sludges due to the materials that they contain generate a high friction
(fibres, material composed by relatively coarse agglomerates, etc.) at the level of the

walls of the filtrating elements.

These sludges of various origins (industrial fields, cities, paste and papers, etc.) have
the particularity of generating a blockage of the exit of the dehydration equipment
during the process. The high friction generated favours the formation of cakes having
a relatively high siccity and a very rigid consistence and textures which is comparable
to a brick instead of the rigidity of a sponge at the exit of rectangular walls of the
rotative extractor. This very rigid consistence results in that the cake, which has lost
its elasticity, does not transfer any effort to the device for the control of the pressure at
the exit of the extractor, with the consequence of frequent blockages generating a

substantial loss of yield.

There was therefore a need for a single extracting system suitable for the efficient
continuous treatment of various liquid-solid materials with various liquid

concentration, consistency and size of solid particles.

There was also a need for an extracting system suitable for the continuous dewatering
treatment of a feeding source, i.e. of a liquid solid with a composition, consistency
and nature of the solid particles present in the feeding source susceptible to vary

during the processing.

SUMMARY OF THE INVENTION

Therefore, in accordance with the present invention, there is provided an apparatus for
extracting a liquid by pressing a humid mass, said apparatus comprising at least one

extraction channel for liquid removal, which extraction channel being provided with:
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- at least one inlet for feeding the extraction channel with the humid

mass to be treated;

- walls provided with holes for allowing liquid contained in the humid
mass being pressed to evacuate from said extraction channel, the

humid mass gradually becoming a dehydrated mass; and

- atleast one outlet for discharging the dehydrated mass, in the form of
a cake, obtained by pressing the humid mass in the extraction channel,

the cake having a lower liquid content than the humid mass;

wherein said outlet of said channel, positioned between the walls provided
with holes and the exterior, is substantially free of constraints or only comprises weak
constraints whose level is controlled as a function of physical parameters related to

the pressing of the humid mass in the extraction channel.

In the context of the present invention, the expression "dehydrated mass" means a
mass with a reduced liquid content, said dehydrated mass being obtained by reducing

the liquid content of the humid mass feeding the extractor channel.

According to a preferred embodiment this system, the outlet of the channel is
provided with a device, preferably of the gate type or of the flap type, ensuring the
control and the holding up (preferably vertical) of the dehydrated humid mass (cake)
arriving at the outlet of the channel, said device ensuring the management of the level
of resistance generated on said dehydrated mass at the outlet of the extraction channel,
as a function of the entrainment force exerted by the friction generated by the
dehydrated cake on said extraction channel and /or as a function of the pressure
within said extraction channel, and/or as a function of pressure on the walls of the

extraction channel.

According to a further preferred embodiment, the system according to the present

invention is constructed by modifying a rotary press, preferably a rotary press being
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one of the type described in U.S. Patent No. US-A-5,344,575 or one of the type
described in Canadian Patent No. CA-A-1,193,903. Such a rotary press comprises a
cylindrical housing having a first and a second end wall and a cylindrical side wall. A
pumping system is also provided for forcing said humid mass into the inlet. A rotor
has one or more pairs of side walls, which are joined to a bottom wall and define one
or more channels open at their periphery in at least a portion thereof. One or more
rotor side walls are provided with perforations. The rotor has a central shaft for
rotation with respect to the housing, this shaft having a conduit extending
longitudinally theretrough, and is provided with one or more rotor draining conduits
having a first portion in fluid communication with the perforations. One or more rotor
side-walls are moved upon totation of the central shaft. The draining conduit has a
second portion in fluid communication with the shaft conduit. A drive is connected to
the shaft for rotating the rotor and the apparatus is provided with one or more outlets
for discharging matter containing a reduced percentage of liquid therein upon rotation

of the rotor, the channel being in direct communication with the shaft conduit.

According to a more specific embodiment, a downstream end of the outlet of said
channel only has an upper wall, the downstream end being opened at its lateral sides

and at its bottom.

Also in accordance with the present invention, there is provided the use of one of the
apparatuses according to the present invention for dehydrating a humid mass. The
humid mass treated is preferably selected in the group constituted by pulps resulting
from paper industries, humid mass resulting from waste water treatment, mineral
processing, agriculture and food processing, from fisheries, breweries, wineries,

chemical processing, and oil industry.

Another preferred embodiment is the use of the apparatus according to the present
invention for dehydrating a humid mass having the ability to develop high friction at
the outlet of an extracting and pressing apparatus, and/or for dehydrating humid

masses having a strong aptitude for salting out the liquid phase.

PCT/CA02/01026 -
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Further in accordance with the present invention, there is provided a device for
controlling and for holding up a dehydrated mass obtained at an outlet of an extraction
channel of a system for extracting a liquid by pressing a humid mass fed into the

system , said device comprising:

- a first system for allowing the measuring of the entrainment force
exerted by the friction generated, on said extraction channel, by the
humid mass being dehydrated, and/or allowing the measuring of the
pressure within the extraction channel and/or of the pressure on the

walls of said extraction channel; and

- asecond system for allowing to regulate constraints generated by said
dehydrated mass, at the outlet of said extraction channel, as a function
at least one of said entrainment force and/or as a function of the

pressure measured with said first system.

According to a preferred embodiment, the second system allows to vertically regulate

constraints generated by the dehydrated mass.

According to another preferred embodiment, the second system allows to laterally

regulates constraints generated by the dehydrated mass.

Further in accordance with the present invention, there is provided a process for
extracting a liquid from a humid mass, said process comprising the steps of:

a) feeding with said humid mass an extracting zone, equipped with
extracting means and with means for measuring the level of constraints
generated in the extracting zone by the humid mass during its treatment;

b) extracting at least part of the liquid present in the humid mass by
pressing said humid mass; ’

¢) evacuating at least part of the extracted liquid from the extracting zone;

and
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27)

d) evacuating the mass with a reduced liquid content obtained in step b)
from the extracting zone through an evacuation zone equipped with
means for regulating the level of constraints generated by said mass with
a reduced liquid content, when going through the evacuation zone;

wherein the level of constraints in the evacuation zone is regulated according to the

level of constraints measured in the extracting zone.

This process is particularly advantageous for extracting a liquid from a humid mass,
wherein the liquid represents from 0,1 to 22,0 weight per cent of total weight of said

humid mass.

The humid mass treated during the process is preferably sclected in the group
constituted by pulps resulting from paper industries, humid mass resulting from waste
water treatment, mineral processing, agriculture and food processing, from fisheries,

‘breweries, wineries, chemical processing, and oil industry.

The process according to the present invention allows the successful treatment of
humid masses having shown a gain in dryness of at least 5%, preferably of at least
10%, and more preferably of at least 25%, measured according to the method AFNOR
T97-001.

According to a further preferred embodiment of the process of the invention, the
extracting zone comprises means capable of generating a pressure on the humid mass
and walls provided with holes for evacuating at least part of the liquid contained in

the humid mass being pressed against by the effect of the pressure.

Preferably, the walls of the extracting zone are equipped with means capable of
measuring the pressure exerted on said wall by the humid mass during its treatment
and/or the extracting zone is equipped with means capable of measuring the pressure

inside the humid mass during the dehydrating process.
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According to a more preferred embodiment of the present process the level of
constraints in the outlet zone is controlled as a function of the physical parameter
related to the pressure of the humid mass on the wall of the extracting zone, for
example the levels of constraints in the outlet zone is controlled on the basis of a

comparison of the physical parameters.

Various materials, such as metal, plastic materials, etc.... may be used for fabricating
the elements constituting the device for controlling and for holding up of the

dehydrated mass according to the present invention.

The pieces that constitute the vertical restrictor are preferably selected to be easily

adapted to different configurations of the extracting channel (height and width).

The form at the outlet of the restrictor, and more particularly of the device used to
restrain the cakes at the outlet of the rotary extractor may vary, for example the

restrictor may rounded externally or internally.

The device of the present invention i.e. the vertical device for restraining the cakes at

the outlet of the rotary extractor may easily adapt to various sludges.

The system used to push the restraining device at the outlet of the rotary extractor
may be of various types, e.g. pneumatic, hydraulic, electro-pneumatic, mechanical

(for example a spring, etc..).

Another advantage of the present invention lies in the elimination of the shearing
effect undergone by the cake at the outlet of the extracting channel and thus
simultaneously eliminates the accidental losses of the mass to be dehydrated by the

rotary extractor.

A rotative extractor which may be equipped by the device for the control and the

restraint of cakes is illustrated in the Canadian patent number. 1.193.903 as well as in
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the patent granted in the United States under the number US-A-5,344,575. The

content of those two patents is incorporated by reference to the present application.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1: is a vertical cross-sectional view taken along line 1-1 of Figure 2 and
showing an exemplary apparatus according to the present invention using a

load sensor to control a vertical restrictor.

Figure 2: is a vertical cross-sectional view of the apparatus of Figure 1 according to

the present invention.

Figure 3: is a vertical cross-sectional view taken along line 3-3 of Figure 2 and
showing a second exemplary apparatus according to the present invention
using a pressure sensor device to control the vertical restrictor.

Figure 3A: is a cross-sectional view taken along line 3A-3A of Figure 3.

Figure 4: is a vertical cross-sectional view taken along line 4-4 of Figure 6 and
showing a third exemplary apparatus according to the present invention
using a load sensing device to control the lateral restrictor.

Figure 4A: is a cross-sectional view taken along line 4A-4A of Figure 4.

Figure 5: is a vertical cross-sectional view taken along line 5-5 of Figure 7 and
showing a fourth an exemplary apparatus according to the present invention
using a pressure sensor to control the lateral restrictor.

Figure 5A: is a cross-sectional view taken along line 5A-5A of Figure 5.

Figure 6: is a vertical cross-sectional view of the apparatus of Figure 4 using a load

sensor device to control a lateral restrictor.

JP
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(30) JP

PCT/CA02/01026

is a vertical cross-sectional view of the apparatus of Figure 5 using a

pressure sensing device to control a lateral restrictor.

is a vertical cross-sectional view of a conventional system with valves and
walls according to US-A-5,344,575.

is a representation of graphic 1.
is a representation of graphic 2.
is a representation of graphic 3.
is a representation of graphic 4.
is a representation of graphic S.

is a representation of graphic 6.

More particularly, in Figures 1, 2 and 3:

- item 1 is a schematic illustration of the section of the stator (frames, exterior

spacers) that is free of linear outlet with a straight rectangular section;

- item 2 is the vertical actuator that favours the formation of the cake and  the

maintenance of the siccity depending upon the force applied;

- item

3 represents the devise used for applying pressure on the vertical actuator;

- items 18 are schematic representations of sensors used to measure the pressure

generated by the friction of the cake in the extraction channel;
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-item 5 is a schematic representation of the control system used for automatically
monitoring the functioning of the vertical restrictor at the outlet of the channel
according to instructions pre-determined by the operator of the system and the
measures made with the pressure sensor. Then the operator may generate via a
convertor that converts the electrical influx in a pneumatic pressure, a thrust on

the restrictor; and
- the item 6 shows the support of the actuator 7.

The reference numbers used in the Figures have the following meaning:

1) inner spacer

2) actuator

3) female rod clevis

@ vertical restrictor

(5) lower load cell bracket
(6) upperload cell bracket
(@) load measuring device
8) anti-rotation device
® base

(10) speed reducer

(11) screen

(12) screen support wheel
(13) gland cover

14) outer spacer

(15) scraper

(16) deflector

a7 link arm

(18) pressure sensor

(18a/18b/18c¢) alternative positions for pressure sensor

19 humid mass inlet
20) cake
@n washing apparatus
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(22) housing
(23) filtrate outlet
(24) actuator
(25) actuator attachment bracket
5 (26) lateral restrictor
27 lateral restrictor pivot axle
(28) humid mass
(29) rotation axle
{30y seal
10

20

25

Exemplary apparatuses according to the present invention are shown generally by

reference in Figures 1 to 7.

The present invention relates to an apparatus and method for extracting liquid from

humid mass or dewatering channel.

The apparatus comprises a type of press for dewatering suspension with a pressure at
the outlet, which will affect the flow of humid mass, production rate and the dryness

of cake.

The apparatus and method according to the present invention operate on a similar
extraction principle as the system and method described in U.S. Patent No. US-A-
5,344,575 and CAN. Pat. No. CA-A-1,193,903 that are commercialized under the
trade mark Rotary Press.

This apparatus, according to the present invention, could be fabricated with one
channel, as illustrated on Figures 1 to 8 or with many channels present in the same

dewatering unit.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring to Figures 1 and 2, the apparatus incorporates a pair of rotating screens 11,
which form the lateral sides of a rectangular channel. Upper and lower sides of the
rectangular channel are formed by an outer spacer 14 and the inner spacer 1. Both
screens 11 operate parallel one to the other. Three sides of the channel are rotating
together at a low speed around an axle 29. Those three sides are defined by the two
screens 11 and the inner spacer 1. The distance between the screens 11 is fixed and
determined prior to manufacturing, depending on the type of humid mass to be processed.
Fixed deflector 16 is mounted across the channel and is supported by housing 22 in order
to separate the humid mass 28 from the cake 20 going out of the apparatus. Humid mass

inlet 19 is provided at the upstream end of the channel.

Fixed non-rotating parts of the apparatus include the housing 22 made of two spaced side
members, the outer spacer 14 therebetween, a gland cover 13. Gland cover 13 has three
functions: it is used to hold the seal 30, to contain and drain the filtrate through the

filtrate outlet 23 and to suppott the load coming from the housing .

Tn order to build an inside pressure into the apparatus, a vertical restrictor 4 is mounted at
the outlet or downstream end of the channel. The vertical restrictor 4 is activated by an
actuator 2 which modulates by compressing or releasing the restrictor 4 in order to conirol
the outgoing cake 20. The actuator 2 is fixed to a static part of the press at one end, and

connected to the vertical restrictor 4.

Load reading device 7 inserted between the housing 22 and the base 9 is provided to
collect the working load of the apparatus. This working load is used to control one or
many of the operating variables of the apparatus, the operating variable being the rotating

speed, actuator loading, the restrictor positioning or the humid mass inlet pressure.

A static washing apparatus 21 could be incorporated to the deflector 16 to allow water to
clean the screens 11. Also static scrapers 15 could be mounted in contact with the screens

11, inside the channel to clean the screens and to improve production rate.
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Under operation, the humid mass 28 is continuously fed at a low pressure into the
rectangular channel through the inlet 19. Under the effect of the low inlet pressure, part
of the liquid contained in the humid mass flow is drained through the screens 11. The

drained liquid is captured in the interior of the gland cover 13. Under the effect of the

humid mass volume diminution, due to the liquid drainage and combined with the
rotation effect of the screens, the humid mass 28 is then pushed so as to travel ahead into

the channel and becomes semi-humid as it goes.

The action of the vertical restrictor 4 together with the friction effect of the semi-humid
mass on the screen creates a high pressure build up into the downstream end portion of
the channel. This pressure results in extra liquid being drained through the screens 11
prior to the cake being expulsed from the apparatus under a semi-dry cendition.
Outgoing dryness depends from the humid mass type, dewatering and apparatus

adjustment.

Another alternative embodiment of the device for performing the draining of a solid mass
of the present invention is illustrated in FIG 3. In FIG. 3, a pressure sensor 18 is used to
collect the inside channel pressure exerted by the semi-dry cake 20. The pressure sensor
could be positioned at any location around the channel as shown at 18, 18a, 18b and 18c¢.
Depending on the pressure measured by the sensor 18, the actuator 2 may be operated to
move the vertical restrictor 4 and adjust the pressure on the cake 20 at the downstream

end of the channel.

In fact, the inside pressure reading is used to control one or many of the operating
variables of the apparatus, such as the rotating speed, actuator loading, the restrictor

positioning (as mentioned above), or the humid mass inlet pressure.

FIGS. 4, 5, 6 and 7 illustrate further variations of the apparatus of the present invention.
For instance, the restrictor can be mounted laterally at 26 (see FIGS. 4 to 7) on one or
two sides of the channel using either a load measuring device 7 (see FIGS. 4 and 6) or a
pressure sensor 18 (see FIGS. 5 and 7) as previously described to control the operation

variable.
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5 A mixed primary and the secondary sludge from a pulp and paper process containing
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4% by weight of total solids was used in Testing Example 1. The percentages are
calculated according to the following method (Standard Method No. 2540-B of the

American Public Health Association):

a

b

a,

2

TOTAL SOLIDS DRIED AT 103-105°C

General Discussion

Principle: a well-mixed sample is evaporated in a weighed dish and dried to
constant weight in an oven at 103 to 105°C. The increase in weight over that
of the empty dish represents the total solids. The results may not represent the
weight of actual dissolved and suspended solids in wastewater samples (see
above).

Interferences: highly mineralized water with a significant concentration of
calcium, magnesium, chloride, and/or sulfate may be hygroscopic and require
prolonged drying, proper desiccation, and rapid weighing. Exclude large,
floating particles or submerged agglomerates of non-homogencous materials
from the sample if it is determined that heir inclusion is not desired in the final
result. Disperse visible floating oil and grease with a blender before
withdrawing a sample portion for analysis. Because excessive residue in the
dish may form a water-trapping crust, limit sample to no more than 200 mg

residue.

Apparatus

Evaporating dishes: dishes of 100-mL. capacity made of one of the following
materials:

1) Porcelain, 90 mm diam.

2) Platinum — Generally satisfactory for all purposes

JP 2004-532733 A 2004.10.28
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3) High-silica glass. (Vycor, product of Corning Glass Works, Coming, N.Y.,
or equivalent).

Muffle furnace for operation at 500 + 50°C.

Steam bath.

Desiccator, provided with a desiccant containing a color indicator of moisture

concentration or an instrumental indicator.

Drying oven, for operation at 103 to 105°C.

Analytical balance, capable of weighing to 0.1 mg.

Magnetic stirrer with TFE stirring bar.

‘Wide-bore pipets (Kimble Nos. 37005 or 37034B, or equivalent).

Procedure

Preparation of evaporating dish: If volatile solids are to be measured ignite
clean evaporating dish at 500 + 50°C for 1 h in a muffle furnace. If only total
solids are to be measured, heat clean dish to 103 to 105°C for 1 h. Store and

cool dish in desiccator until needed. Weigh immediately before use.

Sample analysis: Choose a sample volume that will yield a residue between
10 and 200 mg. When very low total suspended solids are encountered (less
than 10 mg/L), less residue may be collected; compensate by using a high-
sensitivity balance (0.002 mg). Pipet a measured volume of well-mixed with a
magnetic stirrer during transfer. If necessary, add successive sample portions
to the same dish after evaporation. When evaporating in a drying oven, lower
temperature to approximately 2°C below boiling to prevent splattering. Dry
evaporated sample for at least 1 h in an oven at 103 to 105°C, cool dish in
desiccator to balance temperature, and weigh. Repeat cycle of drying, cooling,
desiccating, and weighing until a constant weight is obtained, or until weight
change is less than 4% of previous weight or 0.5 mg, whichever is less. When
weighing dried sample, be alert to change in weight due to air exposure and/or
sample degradation. Duplicate determinations should agree within 5% of their

average.

JP 2004-532733 A 2004.10.28



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 03/004130

20

25

30

Q7

4. Calculation

A—B) x 1000
mg total solids/L = sample volume, ML

where: A = weight of dried residue + dish, mg, and
B = weight of dish, mg.

The sludge was stocked into a four cubic meters tank. A cationic polymer was added
in to the sludge inside a flocculation tank to allow a separation between the solids and
the liquid phase. This conditioned sludge that is characteristic of de-inking pulp and
paper processes was fed into a rotary press channel mounted with a vertical outlet

restrictor and load sensing measuring device.

The sludge ]Sressure at the inlet of the flocculator was maintained to a set point value
between 20 to 30 kPa (3 to 4 PSI). The rotary press speed (according to Figures 1 and
2) was set to 1 RPM and the outlet load force at 4000 Ibs(1818kg). The width between
the filtering elements was fixed to 50 millimetres (2 inches). The height of the

channel was fixed to 250 millimetres (10 inches).

The control of the vertical restrictor was operated according to the following
principle. A load-measuring device read in continue the outlet force generate by the
friction inside the channel. When the load was below or higher the set point fixed by
the operator, the control loop activate or de-activate the actuator in order to increase

or to decrease the pressure on the vertical restrictor.

The filtrate that was generated by the drainage zone in the first part of the rotating
screen was very clear. In fact, the capture rate obtained during the entire test was over

97% of total suspended solids.

The friction force generated by the slow moving screens, coupled with the controlled
outlet restriction, resulted in a cake of a very dry consistency. The results of the cake
dryness varied between 38 to 45% of total solids.

PCT/CA02/01026 -
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The power usage (kw) for one channel of the rotary press varied between 0,75 to 1,95

(kw). The calculation formula for the power usage is following:

S(0,74Ft - 89,67 P)
Power Usage (kW) = —---emrmommomeem oo
9553

‘Where : § is the speed of the rotary press (RPM);
FT is outlet force read on the load cell (Ibs)
or also named load reading device;
P is the pressure on the pneumatic actuator (PSI);
0,74 is a constant depending on the level arm between load
reading device and rotative axle;
89,67 is a constant depending on the level arm between the
actuator and the rotative axle; and
wherein 9553 is a constant depending on the units used for

calculation.

During the continuous operation of the dewatering equipments, neither clogging of

the screens or a reduction in a degree of the liquid removal was noted.

TESTING EXAMPLE 2

Septage sludge from a municipal wastewater plant containing 1 to 3% by weight of

solids was used in Testing Example 2.

A prototype unit was installed built. The sludge was stoked into a four cubic meters
tank. A cationic polymer was added into the sludge inside a flocculation tank to allow
a separation between the solids and the water. This conditioned sludge was fed into a
rotary press channel {according to Figure 3) mounted with the new vertical outlet

restrictor.
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The sludge pressure at the inlet of the flocculator was maintained to a set point
between 10 to 20 kPa (1 to 3 PSI). The rotary press speed was set at 1,5 to 2,5 RPM
and the outlet pressure at 200 kPa (29 PSI). The width between the filtering elements
was adjusted to 50 millimetres (2 inches). The height of the channel was fixed to 250
millimetres (10 inches). The way to control the vertical restrictor was different than

the Test Example 1.

A pressure sensor located into the vertical restrictor of the channel read in continue
the outlet pressure generate by the cake friction. When the outlet pressure was below
or higher the set point fixed by the operator, the control loop activate or de-activate

the actuator in order to increase or to decrease the pressure on the vertical restrictor.

The filtrate that was generated by the drainage zone in the first part of the rotating
screen was also very clear. In fact, the capture rate obtained during the entire test was

over 96 to 98% of total suspended solids. .

The frictional force of the slow moving screens, coupled with the controlled outlet
restriction, resulted in the extrusion of a very dry cake. The results of the cake dryness
varied between 36 to 41% of total solids.

During the continuous operation of the dewatering equipments, neither clogging of

the screens or a reduction in a degree of the liquid removal was noted.

TESTING EXAMPLE 3

A mixed sludge from a pulp and paper process containing 6% by weight of dry solids
was used in Testing Example 3. The sludge was chemically conditioned with a
polymer prior to dewatering. The polymer and the sludge were mixed into a
flocculator. This conditioned sludge was fed into the dewatering apparatus (according

to Figures 1 and 2).

JP 2004-532733 A 2004.10.28
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The sludge pressure at the inlet of the apparatus was maintained to a set point of 3,5
PSI. The apparatus rotating speed was set to 1 RPM and the load force was adjusted
between 2500 to 6000 1bs.

Depending of the load force adjustment, the cake dryness was reached between 42 to
57% of total solids. The production for one channel varied between 1027 to 612 dry
Ibs/channel/ hr.

Graphic 1 shows the effect of the load force on the cake dryness.

Graphic 2 shows the impact of the load force on the production.

TESTING EXAMPLE 4

A sludge from a municipal waste water plant containing 3% by weight of dry solids

was used in Testing Example 4.

The sludge was chemically conditioned with a polymer prior to dewatering. The
polymer and the sludge were mixed into a flocculator. This conditioned sludge was

fed into the dewatering apparatus as per Figure 5.

The sludge pressure at the inlet of the apparatus was maintained to a set point of 2
PSL The apparatus rotating speed was set at 2 RPM and the outlet pressure was
adjusted from 15 to 90 PSI.

Depending of the outlet pressure adjustment, the cake dryness varied from 36 to 51%
of total solids content. The production for one channel varied between 673 to 1124
dry Ibs/channel/hr.

Graphic 3 shows the effect of the outlet pressure on the cake dryness.

Graphic 4 shows the impact of the outlet pressure on the production.

JP 2004-532733 A 2004.10.28
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TESTING EXAMPLE 5

A primary sludge from a municipal wastewater treatment plant was used in Testing

Example 5.

The goal of this test was to confirm the impact of sludge dryness for a channel

mounted with an outlet control system versus a channel without control system.

The sludge was chemically conditioned with a polymer prior to dewatering. The
polymer and the sludge were mixed into a flocculator. This conditioned sludge was

fed into the dewatering apparatus represented on Figure 5.

The sludge pressure at the inlet of the apparatus was maintained to a set point of 3

PSI. The apparatus rotating speed was set at 1,6 RPM.

The results obtained with the channel mounted with an outlet control system are
showed in graphic 5. Depending of the sludge dryness variation, the results of the
cake dryness was measured and reached between 33 to 37% of total solids. The
production for one channel varied between 275 to 550 dry Ibs/channel/hr. The

operation of the dewatering apparatus was safe and easy with no operational problem.

Graphic 5 shows the effect of the sludge dryness versus the production and the cake
dryness for an outlet control system.

The results obtained with the channel without outlet control system are showed on
graphic 6. Depending of the sludge dryness, the results of the cake dryness was
measured and reached between 35 to 56% of total solids. The production for one
channel varied between 275 to 350 dry Ibs/chanmel/hr. The operation of the
dewatering apparatus was more difficult. The cake dryness gradually increases until

the channel outlet clog.

JP 2004-532733 A 2004.10.28
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Graphic 6 shows the impact of the sludge dryness versus the production and the cake

dryness for a channel without control system.

TESTING EXAMPLE 6 - ESSAYS OF THE VERTICAL RESTRICTOR
USING HIGH FRICTION COEFFICIENT SLUDGE:

Series of essays were carried out in order to evaluate the efficiency of the vertical
restrictor on various sludge exhibiting a high friction coefficient. Industrial residues of
rubber constitute these sludges. Their friction coefficient is determined in the
laboratory. An analysis allows to qualitatively evaluating the friction degree of each

sludge.

The results obtained with the vertical restrictor were conclusive. The following table

shows the average yield of the dehydration system during essays.

Average yiclds — High friction coefficient sludge

Sludge Cake Production Capture
MST MST by canal Rate
(%) (%) (kg sec/h) (%)
321 64,53 311 98,4

The dehydration system worked very well during the essays. Although, sludge had a
high friction coefficient, the dehydration channel was not clogged at its exhibit.
Starting and stopping the apparatus was performed without any problem. The vertical
restrictor has demonstrated a high flexibility when operating the dehydration system.

Essays of the vertical restrictor using fibered sludge:

Two series of essays were performed on fibered sludge form paper industries using
the vertical restrictor represented on Figure 8. The amount of fiber in the sludge was
determined in laboratory. The analysis allowed to determine the percentage of fibers

in said sludge was greater than 100 mesh in a sample of sludge.

JP 2004-532733 A 2004.10.28
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Highly conclusive results were obtained using the vertical restrictor with sludge of

different composition. The following tables show the average yields reached for the

dehydration system series of essays.

Average yields — Sludge containing 10% of fibers
Sludge Cake Production Capture
MST MST by canal Tate
(%) (%) (kg sec/h) (%)
5,54 27,13 143 95,0
5
Average yields — Sludge containing 25% of fibers
Sludge Cake Production Capture
MST MST by canal rate
(%) (%) (kg sec/h) (%)
6,58 49,13 469 99,0

The vertical restrictor allows a simple and efficient operation of the dehydration

10 system without being affected by the amount of fibres present in said sludge. Starting

and stopping the apparatus was performed without any problem.

While the invention has been herein shown and described in what is presently

conceived to be the most practical and preferred embodiment it will be apparent to

15 those of ordinary skill in the art that many modifications may be made thereof within

the scope of the invention, which scope is to be accorded the broadest interpretation

of the appended claims so as to encompass all equivalent apparatus and methods.

2004-532733 A 2004.10.28
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CLAIMS:
1. An apparatus for extracting a liquid by pressing a humid mass, said apparatus

20

25

30

comprising at least one extraction channel for liquid removal, which extraction

channel being provided with:

- at least one inlet for feeding the extraction channel with the humid

mass to be treated;

- walls provided with holes for allowing liquid contained in the humid
mass being pressed to evacuate from said extraction channel, the

humid mass gradually becoming a dehydrated mass; and

- atleast one outlet for discharging the dehydrated mass, in the form of
a cake, obtained by pressing the humid mass in the extraction channel,

the cake having a lower liquid content than the humid mass;

wherein said outlet of said channel, positioned between the walls provided with
holes and the exterior, is free of constraints or only comprises weak constraints
whose level is controlled as a function of physical parameters related to the

pressing of the humid mass in the extraction channel.

A system according to claim 1, comprising a plurality of apparatuses.

A system according to claim 2, wherein said apparatuses are operated by a single

motor.

An apparatus according to anyone of claims 1 to 3, wherein the outlet of said
channel is provided with a device for ensuring the control and the holding up of
the dehydrated mass arriving at the outlet of the channel, said device ensuring
the management of the level of constraints generated on said dehydrated mass at

the outlet of the extraction channel, as a function of at least one of (a) the

JP 2004-532733 A 2004.10.28
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10.

11,

25

entrainment force exerted by the friction generated by the dehydrated mass on
said extraction channel, (b) the pressure within said extraction channel, and (c)

the pressure on the walls of the extraction channel.

A apparatus according to claim 4, wherein said device is one of a gate type and a

flap type.

A apparatus according to claim 4, wherein said device is adapted to be adjusted

vertically.

An apparatus according to anyone of claims 1 to 6, wherein said extraction

channel is in the form of a rotary press.

An apparatus according to claim 7, wherein a downstream end of the outlet of
said channel only has an upper wall, said downstream end being open at opposed

sides and at a bottom thereof.

Use of an apparatus according to anyone of claims 1 to 8 for dehydrating a

humid mass.

Use according to claim 9 for dehydrating a humid mass selected in the group
constituted by pulps resulting from paper industries, humid mass resulting from
waste water treatment, mineral processing, agriculture and food processing, from

fisheries, breweries, wineries, chemical processing, and oil industry.

Use of an apparatus according to claims 9 or 10 for dehydrating a humid mass
having the ability to develop high friction at the outlet of an extracting and
pressing apparatus, and/or for dehydrating humid masses having a strong

aptitude for salting out the liquid phase.

JP 2004-532733 A 2004.10.28
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12. A device for controlling and for holding up a dehydrated mass obtained at an

outlet of an extraction channel of a system for extracting a liquid by pressing a

humid mass fed into the system , said device comprising:

a first system for allowing the measuring of the entrainment force
exerted by the friction generated, on said extraction channel, by the
humid mass being dehydrated, and/or allowing the measuring of the
pressure within the extraction channel and/or of the pressure on the

walls of said extraction channel; and

a second system for allowing to regulate constraints generated by said
dehydrated mass, at the outlet of said extraction channel, as a function
at least one of said entrainment force and/or as a function of the

pressure measured with said first system.

13. A device according to claim 12, wherein the second system is adapted to

vertically regulate constraints generated by said dehydrated mass.

A device according to claims 12 or 13, wherein the second system allows to

laterally regulate constraints generated by said dehydrated mass.

A process for extracting a liquid from a humid mass, said process comprising the

steps of:

e) feeding with said humid mass an extracting zone, equipped with

g

5)

&

=

extracting means and with means for measuring the level of constraints
generated in the extracting zone by the humid mass during its treatment;
extracting at least part of the liquid present in the humid mass by
pressing said humid mass;

evacuating at least part of the extracted liquid from the extracting zone;
and

evacuating the mass with a reduced liquid content obtained in step b)

from the extracting zone through an evacuation zone equipped with

JP 2004-532733 A 2004.10.28



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(47)

WO 03/004130 PCT/CA02/01026

20

25

30

16.

17.

18.

19.

20.

21.

means for regulating the level of constraints generated by said mass with
a reduced liquid content, when going through the evacuation zone;
wherein the level of constraints in the evacuation zone is regulated according

to the level of constraints measured in the extracting zone.

A process for extracting a liquid from a humid mass according to claim 15,
wherein the liquid represents from 0,1 to 22,0 weight per cent of total weight of

said humid mass. .

A process for extracting a liquid from a humid mass according to claims 15 or
16, wherein the humid mass is selected in the group constituted by pulps
resulting from paper industries, humid mass resulting from waste water
treatment, mineral processing, agriculture and food processing, from fisheries,

breweries, wineries, chemical processing, and oil industry.

A process for extracting a liquid from a humid mass according to any one of
claims 15 to 17, wherein the gain in dryness is of at least 5%, preferably of at
least 10%, as measured by the method AFNOR T97-001.

A process for extracting a liquid from a humid mass according to claim 18,

wherein the gain in dryness is of at least 25%.

A process for extracting a liquid from a humid mass according to any one of
claims 15 to 18, wherein the extracting zone comprises means capable of
generating a pressure on the humid mass and walls provided with holes for
evacuating at least part the liquid contained in the humid mass being pressed

against by the effect of the pressure.

A process for extracting a liquid from a humid mass according to any one of
claims 15 to 20, wherein the walls are equipped with means capable of
measuring the pressure exerted on said wall by the humid mass during its

treatment.
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22. A process for extracting a liquid from a humid mass according to anyone of

22

24

claims 15 to 21, wherein the extracting zone is equipped with means capable of

measuring the pressure inside the humid mass during the dehydrating process.

A process for extracting a liquid from a humid mass according to claims 15 to
22, wherein the level of constraints in the outlet zone is controlled as a function
of the physical parameter related to the pressure of the humid mass on the wall

of the extracting zone.

A process for extracting a liquid from a humid mass according to any one of
claims 15 to 23, wherein the levels of constraints in the outlet zone is controlled

on the basis of a comparison of the physical parameters.

JP 2004-532733 A 2004.10.28
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Re: Testing Example 3 (104D FORCE VS CAKE DRYNESS )
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Re: Testing Example 4 (QUTIET PRESSURE VS CAKE DRYNESS )
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Re: Testing Example 4 (OUTLET PRESSURE VS PRODUCTION )

()]
D
<<

(o)
(=3
[=

S
SN
o

—

-
(=]
o

(5]
D
(s}

Production for one channel
(dry Ibs/hr/channel)

I

100 200 300 400 500 600
Outlet pressure (Ibs)

w
(=
(=1

JP 2004-532733 A 2004.10.28



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(59)

WO 03/004130 PCT/CA02/01026

11711

Re: Testing Bxemple 5 ( SLUDGE DRYASS v PRODITON & CFE IRIESS (F0 A OUTET coitol, S1tak)
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