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(57) Abstract: Disclosed herein is a method of dewatering organic sludges comprising subjecting a portion of the organic sludge to
ultrasound to release water bound within, or to the organic sludge; and subjecting the portion of the organic sludge to a pulsed electric
field with an electrical frequency of from about 10 kHz up to about 1 MHz and a peak electric field strength of from about 5 V/cm up
to about 500 V/cm to separate the released water from the organic sludge.
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DEWATERING PROCESS

Field

[0001] The invention relates to methods and/or systems for dewatering organic sludges, for

example those associated with wastewater treatment processes.

Background

[0002] There is need to develop better and/or alternative methods for dewatering of organic

sludges to reduce the volume of the sludge and/or recover water.

[0003] Reducing sludge volume helps mitigate the cost of further sludge treatment processes
and disposal e.g. particularly the costs associated with the transportation of sludge to a disposal
site. Furthermore, there is a need for in-situ recovery of water from sludges in water stressed

areas.

[0004] It is an object of the invention to address at least one of the aforementioned problems of

the prior art.

Summary of Invention

[0005] In a first aspect of the invention, there is provided a method of dewatering organic
sludges comprising:

subjecting a portion of the organic sludge to ultrasound to release water bound within, or
to the organic sludge; and

subjecting the portion of the organic sludge to a pulsed electric field with an electrical
frequency of from about 10 kHz up to about 1 MHz and a peak electric field strength of from

about 5 V/cm up to about 500 V/cm to separate the released water from the organic sludge.

[0006] By “bound” it is meant that water is attracted to or is interacting with and/or adsorbed to
surfaces of the organic sludge, by way of example, the water may be physisorbed to surfaces of
particulate matter within the organic sludge and/or be electrostatically attracted or bound to

charged moieties within the organic sludge, and/or be chemically or physically bound to or held

within other components of the sludge (e.g. within cellular or other biological materials). That
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is, “bound water” is not “free water”, wherein “free water” refers to water molecules that do not
interact with the components of the organic sludge and, for example, substantially interact with
only other water molecules (for example via hydrogen bonding) and/or with charged ions in

solution.

[0007] In one or more forms of the invention, the step of subjecting the portion of the organic
sludge to ultrasound and the step of subjecting the portion of the organic sludge are cyclic
treatment steps that are carried out simultaneously. However, in alternative forms of the
invention, the step of subjecting the portion of the organic sludge to ultrasound and the step of

subjecting the portion of the organic sludge are cyclic treatment steps carried out in series.

[0008] In an embodiment, the ultrasound is of sufficient power and ultrasonic frequency to

induce cavitation in the portion of the organic sludge.

[0009] In an embodiment, the ultrasound is of sufficient power and ultrasonic frequency to

induce sonoporation within a biological component of the portion of the organic sludge.

[0010] In an embodiment, the ultrasonic frequency is from about 1 kHz to about 5 MHz range.
In one form of this embodiment, the ultrasonic frequency is from about 3 kHz. Preferably, the
ultrasonic frequency is from about 5 kHz. More preferably, the ultrasonic frequency is from
about 7 kHz. Most preferably, the ultrasonic frequency is from about 10 kHz. Additionally, or
alternatively, the ultrasonic frequency is up to about 1 MHz. Preferably, the ultrasonic frequency
is up to about 500 kHz. More preferably, the ultrasonic frequency is up to about 100 kHz. Most
preferably, the ultrasonic frequency is up to about 50 MHz. The power level is determined by

the size, type and volume of the object and flow rate.

[0011] In an embodiment, the electrical frequency is from about 2.5 kHz. Preferably, the
electrical frequency is from about 5 kHz. More preferably, the electrical frequency is from about
7.5 kHz. Most preferably, the electrical frequency is from about 10 kHz. Additionally, or
alternatively, in an embodiment, the electrical frequency is up to about 750 kHz. Preferably, the
electrical frequency is up to about 500 kHz. More preferably, the electrical frequency is up to

about 250 kHz. Most preferably, the electrical frequency is up to about 100 kHz.

[0012] In an embodiment, the peak electric field strength is from about 6 V/cm. Preferably, the
peak electric field strength is from about 7 V/cm. More preferably, the peak electric field
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strength is from about 8 V/cm. Most preferably, the peak electric field strength is from about 10
V/em. Additionally, or alternatively, in an embodiment, the peak electric field strength is up to
about 300 V/cm. Preferably, the peak electric field strength is up to about 200 V/ecm. More
preferably, the peak electric field strength is up to about 100 V/cm. Most preferably, the peak
electric field strength is up to about 50 V/cm.

[0013] In an embodiment, the pulsed electric field has a duty cycle of from about 5% to about
90%. Preferably, the duty cycle is from about 10%. More preferably, the duty cycle is from
about 15%. Most preferably, the duty cycle is from about 20%. Additionally, or alternatively, it
is preferred that the duty cycle is up to about 80%. More preferably, the duty cycle is up to about
70%. Most preferably, the duty cycle is up to about 60%.

[0014] In an embodiment, the pulsed electric field is generated using a unipolar voltage signal.

[0015] In an embodiment, the pulsed electric field is a continuous pulsed electric field.

[0016] In an embodiment, prior to the step of subjecting the portion of the organic sludge to
ultrasound, the method comprises locating at least the portion of the organic sludge between two
electrodes (e.g. which are preferably in the form of two electrode plates); and

wherein the step of subjecting the portion of the organic sludge to ultrasound is carried

out while the portion of the organic sludge is located between the two electrodes.

[0017] In an embodiment, the step of subjecting at least the portion of the organic sludge to the
pulsed electric field further comprises passing an electric current through at least the portion of
the organic sludge. The electric voltage waveform and amplitude depend on the conductivity of
the organic sludge, the dimension of the chamber and size of the electrodes. This causes the

freed water to migrate away from the organic sludge in the direction of the electric field.

[0018] In forms of the above embodiment in which the method comprises locating at least the
portion of the organic sludge between two electrodes (such as between two electrode plates), the
step of passing the electric current through at least the portion of the organic sludge further

comprises passing the electric current between the two electrodes.

[0019] In an embodiment, the method of dewatering organic sludges is carried out after

anaerobic digestion of the organic sludge.
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[0020] In an embodiment, the organic sludge is an activated sludge.

[0021] In an embodiment, the organic sludge has a volatile solids content of at least about 15
g/L, and/or a total chemical oxygen demand of at least about 20 g/L up to about 80 g/L, and/or a
total Kjeldahl nitrogen content of at least about 1 g N/L up to about 3 g N/L, and/or an

ammonium nitrogen content of from about 40 mg/L up to about 1500 mg/L.

[0022] In an embodiment, the organic sludge has an apparent viscosity of from about 50 cP to

about 1000 cP when measured at a shear rate of 100 s™ and at 25 °C.

[0023] In an embodiment, the organic sludge comprises particles with a D10 in the range of
from about 10 um up to 120 um, and/or a D50 in the range of from about 50 pm up to 400 um,
and/or a D90 in the range of from about 130 um up to 500 um.

[0024] In an embodiment, the organic sludge has a zeta potential in the range of from about -10

mV to about -30 mV.

[0025] In a second aspect of the invention, there is provided an apparatus for dewatering an
organic sludge with water bound within or thereto, the system comprising:

an ultrasonic transducer configured to apply ultrasound to the organic sludge;

two spaced apart electrodes configured to apply a pulsed electric field to organic sludge
located therebetween; and

an electric signal generator configured to generate the pulsed electric field at an electrical
frequency of from about 1 kHz up to about 1 MHz and at sufficient voltage to provide the
pulsed electric field with a peak electric field strength of from about 5 V/cm up to about 500
V/em.

[0026] In an embodiment, the ultrasound is of sufficient power and ultrasonic frequency to

induce cavitation in the portion of the organic sludge.

[0027] In an embodiment, the ultrasound is of sufficient power and ultrasonic frequency to

induce sonoporation within a biological component of the portion of the organic sludge.

[0028] In an embodiment, the ultrasonic frequency is from about 10 Hz to about 50 Hz.
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[0029] In an embodiment, the electrical frequency is from about 2.5 kHz. Preferably, the
electrical frequency is from about 5 kHz. More preferably, the electrical frequency is from about
7.5 kHz. Most preferably, the electrical frequency is from about 10 kHz. Additionally, or
alternatively, in an embodiment, the electrical frequency is up to about 750 kHz. Preferably, the
electrical frequency is up to about 500 kHz. More preferably, the electrical frequency is up to

about 250 kHz. Most preferably, the electrical frequency is up to about 100 kHz.

[0030] In an embodiment, the peak electric field strength is from about 6 V/cm. Preferably, the
peak electric field strength is from about 7 V/cm. More preferably, the peak electric field
strength is from about 8 V/cm. Most preferably, the peak electric field strength is from about 10
V/em. Additionally, or alternatively, in an embodiment, the peak electric field strength is up to
about 300 V/cm. Preferably, the peak electric field strength is up to about 200 V/ecm. More
preferably, the peak electric field strength is up to about 100 V/cm. Most preferably, the peak
electric field strength is up to about 50 V/cm.

[0031] In an embodiment, the pulsed electric field has a duty cycle of from about 5% to about
90%. Preferably, the duty cycle is from about 10%. More preferably, the duty cycle is from
about 15%. Most preferably, the duty cycle is from about 20%. Additionally, or alternatively, it
is preferred that the duty cycle is up to about 80%. More preferably, the duty cycle is up to about
70%. Most preferably, the duty cycle is up to about 60%.

[0032] In an embodiment, the pulsed electric field is generated using a unipolar voltage signal.

[0033] In an embodiment, the pulsed electric field is a continuous pulsed electric field.

[0034] In an embodiment, the electric signal generator is configured to pass an electric current

between the two spaced apart electrodes.

[0035] In a third aspect of the invention, there is provided the use of an apparatus according to

the second aspect and/or embodiments thereof to dewater organic sludges.

[0036] In forms of the first, second, or third aspects (and/or embodiments thereof), the organic

sludge is in the form of an activated sludge, such as from a wastewater treatment process.
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[0037] In forms of the first, second, or third aspects (and/or embodiments thereof), the organic
sludge comprises organic sludge solids, and the organic sludge solids have a specific gravity of
at least 2. Generally, higher specific gravities are advantageous as these result in more effective

dewatering treatment processes.

Brief Description of Drawings

[0038] Figure 1 is a schematic illustration of a static organic sludge dewatering system

according to one embodiment of the invention.

[0039] Figure 2 is a schematic illustration of a dynamic organic sludge dewatering system

according to another embodiment of the invention.

[0040] Figure 3 is a circuit diagram of a high frequency converter with a design based on an

AC-DC diode rectifier with an adjustable auto-transformer to control DC voltage.

[0041] Figure 4 is a circuit diagram of an AN 34092B gate drive.

Description of Embodiments

[0042] The present invention relates to a method and apparatus for dewatering organic sludge,
such as activated sludge, that comprises the application of ultrasound to the organic sludge to
release water bound within the organic sludge as free water which free water can be readily

separated from the organic sludge via the application of a pulsed electric field.

[0043] Without wishing to be bound by theory, the inventors are of the view that propagating
ultrasonic waves throughout a liquid or semi-liquid organic sludge generates a mechanical force
within the sludge via compression and rarefaction cycles associated with the ultrasonic waves.
That is, the average distance between molecules in the sludge medium is changed (e.g.
decreased and increased with the compression and rarefaction components of the ultrasonic
wave) which causes cavitation and/or sonoporation when the average distance between
molecules exceeds a critical distance. During sonoporation, microbubbles are generated which

then burst with continuous exposure to ultrasound.
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[0044] When the bubbles are burst, the release of this high pressure causes a variety of different
effects within the sludge medium, such as ionization and generation of free radicals. These
effects can result in chemical and mechanical changes within the sludge medium. An
advantageous chemical change is the breaking the chemical bonds within the sludge medium
that bind water within or to the sludge so that this bound water is released in the form of free
water. An advantageous mechanical effect is that the ultrasound excitation can change viscosity
of a liquid or semi-liquid sludge which may promote the separation of the freed water from the

sludge as discussed below.

[0045] The inventors have also found a pulsed electric field can be used to separate the free
water from the sludge by moving that free water away from the sludge in the direction of field
excitation. The freed water can be forced to move and directed with a pulsed electric field which
creates a dewatering stream channel for removal of the freed water. The inventors have found
that a pulsed electric field with a frequency of from about 1 kHz up to about 1 MHz and a peak
electric field strength of from about 1 V/cm up to about 500 V/cm is particularly useful for the

removal of the freed water.

[0046] The present invention finds use for in-situ dewatering processes or dewatering at various
treatment stages in a dewatering process and may be used in place of an existing dewatering
process or as an additional unit process prior to, during, or after an existing dewatering process.
In one example, the method and apparatus of the invention is used instead of a traditional
gravity separator, thus reducing capital expense. In another example, the method and apparatus
of the invention is used as an additional dewatering step after gravity separation to further
thicken the underflow from a gravity thickener prior to storage. In still a further example, the
method and apparatus of the invention is integrated into an existing unit process, and may for
example, be integrated into a gravity thickener to treat the thickened organic sludge prior to
discharge as underflow from the gravity thickener. Furthermore, this additional treatment step
may be useful in place of, or prior to, other existing thickening unit process such as vacuum

filtration, pressure filtration, or gravity belt thickening.

[0047] Figure 1 is an illustrative embodiment of a static organic sludge dewatering system 100
according to one embodiment of the invention. The system 100 comprises an ultrasonic
transducer 101, an electric signal generator 102, and chamber 104 arranged between electrodes

106 and 108. Ultrasonic transducer 101 is configured to apply ultrasound to sample 112 of
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sufficient power and frequency to induce sonoporation and/or cavitation in the organic sludge
and release bound water from the organic sludge, e.g. frequency of from about 5 kHz to few
MHz. Electric signal generator 102 is configured to generate an electric signal 110 at a
frequency of from about 10 kHz up to about 1000 kHz such that a pulsed electric field with an
electric field strength of from about 10 V/cm up to about 50 V/cm is generated across chamber
104 and current flows between electrodes 106 and 108 when chamber 104 contains organic

sludge sample 112, such as in the form of an activated sludge.

[0048] The electric voltage waveform and amplitude depend on the conductivity of the organic
sludge, the dimension of the chamber and size of the plates. As generally discussed above, the
inventors are of the view that the pulsed electric field causes high frequency resonance within
the organic sludge which moves the released water away from the organic sludge in the
direction of the applied current. The released water can then be readily removed from the system
100 by means known to those skilled in the art, e.g. decanted or otherwise pumped from an
outlet of the system 100. The remaining organic sludge is at higher solids content and thus are

more easily and cost effectively stored or disposed of.

[0049] A typical treatment time for an in-situ dewatering process is from about 5 minutes up to
about 1 hour, subject to the nature of the organic sludge being dewatered and the dewatering

parameters being used.

[0050] The static system 100 may be adapted for batch or semi batch operation. The static
system 100 may include a chamber 104 for receiving the and retaining the organic sludge for
treatment. Alternatively, the chamber 104 may instead be a space defined by the separation of
the two electrodes 106 and 108. In this case, the electrodes may be lowered or submerged into

the organic sludge for localised treatment of the organic sludge.

[0051] Figure 2 is an illustrative embodiment of a dynamic organic sludge dewatering system
according to another embodiment of the invention for a plug flow type dewatering processes.
The system 200 comprises: an ultrasonic transducer 201, an electric signal generator 202, and
flow chamber 204 with electrodes 206 and 208 arranged in opposite walls of flow chamber 204.
Flow chamber 204 includes: an inlet 210 through which organic sludges are pumped via pump
212, a free water outlet 214, and a dewatered organic sludge outlet 216. Ultrasonic transducer

201 is configured to apply ultrasound to an organic sludge sample flowing between electrodes
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206 and 208 of sufficient power and frequency to induce sonoporation and/or cavitation in the
organic sludge sample and release bound water from the organic sludge, e.g. frequency of from
about 5 kHz to about few MHz. Electric signal generator 202 is configured to generate an
electric signal 218 at a frequency of from about 10 kHz up to about 1000 kHz such that a pulsed
electric field with an electric field strength of from about 10 V/cm up to about 50 V/cm is
generated across flow chamber 204 and current flows between electrodes 206 and 208 as
organic sludge is pumped therethrough. As above, the application of the pulsed electric field
separates the bound water from the organic sludge. Freed water is discharged through free water

outlet 214 and dewatered organic sludge is discharged through outlet 216.

Examples

[0052] The following example describes an experimental setup for dewatering an organic sludge

according to one embodiment of the invention.

[0053] Figure 1 illustrates a reaction vessel for the application of ultrasound and high voltage
pulsed power signals to the organic sludge via plate electrodes. Characteristics of an exemplary

activated sludges are provided in Table 1 below:

Table 1: Exemplary activated sludges

Parameter Sample 1 Sample 2
Total Solids (TS) (g/L) 332+03 40.1+2.38
Volatile Solids (VS) (g/L) 219+04 332+£26
Total Chemical Oxygen Demand 30,0£09 544+£59
(TCOD) (g/L)

Total Kjeldahl Nitrogen (TKN) 1.6+02 20+0.1
(g N/L)

Ammonium Nitrogen (NH**-N) 1243 £12 65.9+20.1
(mg/L)
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[0054] The high voltage pulsed power signals can be applied with an electric signal generator.
The electric signal generator is a high frequency converter with a design based on an AC-DC
diode rectifier with an adjustable auto-transformer to control DC voltage. The DC voltage is
supplied to a single phase inverter based on GaN semiconductor technology with an ultra-fast
switching frequency and transient. A complete Half bridge power circuit with High Efficiency
600V 70mQ X-GaN transistor is utilised for DC-AC inverter topology. A circuit diagram of an

electric signal generator is shown in Figure 3.

[0055] GaN switching devices require special PCB boards with very low loop inductances and
gate drives. Given this, a AN 34092B gate drive (see Figure 4) can be used which (i) supports
high switching frequency (~4MHz), (ii) achieves safe operation by negative voltage source and
active miller clamp, and (ii1) facilitates gate drive design with high precision gate current source.
High / Low side Isolated DC-DC modules are used to provide the necessary bias of the gate
drivers for high and low side semiconductor switches. The isolation of these modules is greater

than 3000V.

[0056] Control signaling can be generated by an advanced micro-controller TMS320F28379D,
connected to a PC with Matlab/Simulink software to program Pulse Width Modulation strategy,

generating unipolar signal with adjustable frequency and duty cycle.

[0057] Several electrical pulses with different amplitudes and duty cycles can be used to

stimulate the organic sludge samples inside the reaction vessel.

[0058] The reaction vessel may be oriented horizontally to allow the separated water (freed

water) to run out of the reaction vessel.
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CLAIMS

1. A method of dewatering organic sludges comprising:

subjecting a portion of the organic sludge to ultrasound to release water bound within, or
to the organic sludge; and

subjecting the portion of the organic sludge to a pulsed electric field with an electrical
frequency of from about 10 kHz up to about 1 MHz and a peak electric field strength of from

about 5 V/cm up to about 500 V/cm to separate the released water from the organic sludge.

2. The method of claim 1, wherein the ultrasound is of sufficient power and ultrasonic

frequency to induce cavitation in the portion of the organic sludge.

3. The method of claim 1, wherein the ultrasound is of sufficient power and ultrasonic
frequency to induce sonoporation within a biological component of the portion of the organic

sludge.

4. The method of claim 2 or 3, wherein the ultrasonic frequency is from about 10 kHz to

about 50 kHz.

5. The method of any one of the preceding claims, wherein the pulsed electric field is

generated using a unipolar voltage signal.

6. The method of any one of the preceding claims, wherein the pulsed electric field is a

continuous pulsed electric field.

7. The method of any one of the preceding claims, wherein the step of subjecting at least the
portion of the organic sludge to the pulsed electric field further comprises passing an electric

current through at least the portion of the organic sludge.

8. The method of claim 7, wherein the released water migrates away from the organic

sludge in the direction of the electric field.

0. The method of any one of the preceding claims, wherein prior to the step of subjecting
the portion of the organic sludge to ultrasound, the method comprises locating at least the portion

of the organic sludge between two electrodes; and
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wherein the step of subjecting the portion of the organic sludge to ultrasound is carried

out while the portion of the organic sludge is located between the two electrodes.

10. The method of any one of the preceding claims, wherein the method of dewatering

organic sludges is carried out after anaerobic digestion of the organic sludge.

11. The method of any one of the preceding claims, wherein the organic sludge is an

activated sludge.

12. The method of any one of the preceding claims, wherein the organic sludge has a total

solids content of at least about 20 g/L.

13. The method of any one of the preceding claims, wherein the organic sludge has a volatile
solids content of at least about 15 g/L., and/or a total chemical oxygen demand of at least about
20 g/L up to about 80 g/L, and/or a total Kjeldahl nitrogen content of at least about 1 g N/L up to
about 3 g N/L, and/or an ammonium nitrogen content of from about 40 mg/L up to about 1500

mg/L.

14. The method of any one of the preceding claims, wherein the organic sludge has an
apparent viscosity of from about 50 cP to about 1000 cP when measured at a shear rate of 100 s

and at 25 °C.

15. The method of any one of the preceding claims, wherein the organic sludge comprises
particles with a D10 in the range of from about 10 um up to 120 pm, and/or a D50 in the range
of from about 50 pm up to 400 um, and/or a D90 in the range of from about 130 pum up to 500

um.

16. The method of any one of any one of the preceding claims, wherein the organic sludge

has a zeta potential in the range of from about -10 mV to about -30 mV.

17. An apparatus for dewatering an organic sludge with water bound within or thereto, the
system comprising;

an ultrasonic transducer configured to apply ultrasound to the organic sludge;

two spaced apart electrodes configured to apply a pulsed electric field to organic sludge

located therebetween; and
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an electric signal generator configured to generate the pulsed electric field at an electrical
frequency of from about 1 kHz up to about 1 MHz and at sufficient voltage to provide the pulsed
electric field with a peak electric field strength of from about 5 V/cm up to about 500 V/cm.

18.  The apparatus of claim 17, wherein the ultrasound is of sufficient power and ultrasonic

frequency to induce cavitation in the portion of the organic sludge.

19.  The apparatus of claim 17, wherein the ultrasound is of sufficient power and ultrasonic
frequency to induce sonoporation within a biological component of the portion of the organic

sludge.

20.  The apparatus of any one of claim 18 or 19, wherein the ultrasonic frequency is from

about 10 Hz to about 50 Hz.

21.  The apparatus of any one of claims 17 to 20, wherein the electric signal generator is

configured to generate the pulsed electric field using a unipolar voltage signal.

22.  The apparatus of any one of claims 17 to 21, wherein electric signal generator is

configured to generate a continuous pulsed electric field.

23.  The apparatus of any one of claims 17 to 22, wherein the electric signal generator is

configured to pass an electric current between the two spaced apart electrodes.

24, The apparatus of any one of claims 17 to 23, wherein the electrical frequency is from
about 10 kHz up to about 500 kHz, and/or the field strength is from about 10 V/cm up to about
50 V/cm, and/or the pulsed electric field has a duty cycle of from about 5% to about 90%.

25.  Use of an apparatus according to any one of claims 17 to 24 to dewater organic sludge.

The University of Queensland
Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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