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SYSTEM AND METHOD FOR PREVENTION OF ADHESION OF ORGANISMS IN
WATER TO A SUBSTRATE IN CONTACT WITH WATER

Field of the Invention
This. iﬁvention relates generally to the field of
pre&ention of drganisms in water from attaching themselves to
a substrate exﬁosed to water, and more particularly, to system
and method for prevention of adhesion of organisms to a
substrate, such as ships’ hulls, marine vesselé, pipelines, in
contact with water by use of avalanche current induced by

electromagnetic wave having a time varying frequency.

Background of the Invention

Biofouling or Dbiological fouling 1is the undesirable
settling, attaching and growing of microorganisms, plants,
algae and/or animals on submerged marine surfacés; The
biofouling of submerged marine surfaces by marine organisms 1is
a well-known problem. If the aCCUmulation of marine growth on
the ships 1is not controlled, it can drastically reduce the
ship’s speed, increase fuel consumption, and clog up the
seawater cooling, or any seawater intake and.dischatge lines.
Apart from the ship applications, biofouling control 1is also
necessary for seawater cooling systems such as power station
seawater cooling water intake and condenser cooling systems.

In addition to the biofouling attachment, in many
industrial plant installations, it 1s necessary torpreVenf the
intrusion of marine organisms into the seawater cooling system.
For examples, the massive shrimps intrusion into the power
plant cooling system can possibly choke up the filter screens
or gates and cause shutdown of the plant.

Various methods have been developed to tackle‘ the . above

problem, in order to remove the accumulation or prevent the
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.accumulation of the marine organisms. One of these methods 1is

the use of toxic'chemicals, paints and metal ionization to

control the biofouling, which are however harmful to the

. environment. Another method is electrical methods which are

used for control or prevention of adhesion of organisms. For
example, the electrical methods may be known from WO
2004/071863, US 6,209,472, and JP 2004183018.

WO 2004/071863 discloses an anti-fouling and eliminating
system against aquatic organisms, which includes one or more
anode ahd . cathode \insﬁalled at  a portion of a marine
structure, and at least dne ‘pulse generator electrically
connected to the anode and the cathode. The biofouling effect
is derived from the high or low electrical field generated
between the anode and the cathode, and 1is relying on the ions

carrying current flowing through the water across the two

electrodes. The system of this patent  application has a

significant drawback that.. the biofouling effect cannot be
realized outside of the space between the anode . and the
cathode. , ’

In. WO 2004/071863A, thé pulsé generator produces a DC
pulsed current which is discharged from the anode_submergedvin
the water to the submerged cathode via the electrolyte such as
seawater. As such, chlorine gas or hypochlorite will be
generated in water at or near the electrodes surface and the
killing of the bioforgahism will in fact be contributed mainly
from these environmentally harmful chlorination produced by
the DC pulsed wave current instead of being fully contributed
by the pulsed wave shocking. or kill effect.

JP 2004183018 rélates. to an antifouling device which
realizes an electrochemical antifouling effect by the use of
controlling current between an electroconductive substrate and

a counter electrode constant. It is essentially a DC impressed
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current system to shift the structure surface to electrolyte
potentiél in order to control the growth or attachmeht. of
organisms, and the anode and the cathodes are alternated
periodically. Similar to WO 2004/071863, when DC current is
applied in the water, chlorine gas or hypochlorite will be
generated and it becomes an environment unfriendly chemical
disinfection process. It shall be noted that other chemicals
or coatings are involved in thlS patent application.

US- 6,209,472 discloses a system for lnhlbltlng marine
organism growth on underwater surface, comprising an electric
current generator which causes an electric current to flow
proximate the underwater surface, a sourCe of power, such as a
battery, providing electrical power to the electric current
generator, wherein the flow of current passes from the
underwater surface through water surrounding the surface or in
contact with the surface, and a point of ground potential.
Again, this system is using a pulsed DC generator to produce
the chlorine or hypochlorlte to control the organism growth.

The above antlfoullng methods and systems use either direct

~current (DC) or DC pulsed wave or DC component. When the DC

pulsed.or DC current is discharging from the electrodes in the
electrolyte (e.qg. seawater); active substances such as
chlorine gas, hydroxyl ions, hypochlorite, or other
disinfection by-products will be generated. The generation of
all these substances 1is 1in fact of no difference from the

chemical-based methods such as electro—chlbrination which are

harmful to the environment. According to International Marine

Organization (IMO) regulations, the generation of such
substances 1is deemed to be undesirable and the water treated
by these methods and systems must go through additional

assessment procedures, including environmental impact

(U8}
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assessment to ensure that the negative impact is kept'to‘the
minimum. . '

‘Another disadvantage of the above methods and systems is

that they are_based on conventional'DC electrolysis concepts

_tb»follow the Ohm’s Law, which does not_apply to AC circuits.

That is, the electrical current flowing through the cirquit
loop including the current path in water is always constant
and determined by the total‘circuit resistance. If the circuit
resistance 1is constant, the current'flow will be maintained
constant unless the driving voltage is changed. According to
the Ohm's Law;vthe turrent flow in the electrolyte such as
water 1s characterized by the “currenﬁ taking. the lowest

resistance and shortest path” and exhibits a current sink-and-

"source potential distribution pattern. There is no electron

flows within the water and all current flowing in the water is

via the conduction of ions. When'the current flow follows the

conventional current flow, there are many blind spots or zones

'in the electrolyte, where the conventional ohmic or ionic

current cannot reach. Typically these blind spots are areas
located outside the sink-to-source potential field.

vFig. 1 shows 'a  schematic¢ diagram of an antifouling
arrangement based on the conventional DC component. As shown,
an anode 1 and an cathode 2 are submersed in the water in a
spaced relation, and the positive and negative of a DC or DC
pulsed source 3 is coupled electrically to the anode 1 and the
cathode 2, respectively, to create an electrical field 4

between the anode 1 and the cathode 2. A conventional DC or DC

pulsed current flows 1in the electrical field 4 between the

anode 1 and the cathode 2. It 1is clear in Fig. 1 that the
conventional DC or DC pulsed current is unable to reach the
areas 51, 52, 53 and 54 that are away from the electrical

field between the anode and the cathode. If there are such
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blind areas, bacteria and micro-organisms would survive and -

grow well at thése blind areas and the bio-fouling control

" will be less effective.

It has been always avmajor challenge to develop alternative
technologies. for the current anti-fouling methods and systems,
in order to prevent fouling on the submerged substrates such
as ship’s hulls, or the substrates in éontact with water such
as platform structures, seawater cooling water systems, buoys.
To,thié end, there is a néed for a device and a method for
prevention of adhesion of organisms in water to a substrate in
contact with water, which 1is constructively very - simple,
relatively ihexpensive and more environmentally sound without
leaching toxins, irrespective of whether the substrate is
stationary or moving, however, allows an efficient control or

prevent attachment of unwanted organisms.

Summary of the Invention

The present invention has been developed to fulfill the
needs noted. above and therefore has a principle object of the
provision of a system for prevention of adhesion of organisms
in water to a substrate in contact with the water which‘is
environmentally sound and does not leach toxins into the water.

Another object of the invention is to provide a system for
prevention of adhesion of organisms in water to a substrate in
contact ‘with the water which is significantly more economical
and convenient to utilize. | |

A yet fﬁrther object of the invention is to provide a
system for prevention of édhesion of organisms iﬁ water to a
substrate in contact with the water which allows an efficient
control or prevention of attachment of unwanted organisms.

These and other objects‘and advantages of the invention are

satisfied by providing a system for prevention of adhesion of
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wherein the substrate and the water flowing around the

substrate form together a treated region, comprising:

a generator for 'producing electromagnetic wave having a
time varying frequency} said generator having at least two
output terminals, one of which in electrical connection with a
first excitation site of the treated region;

an avalanche current suppressbr’with-its one terminal in
eléctriéal connection with the other of the outputs of the
generator and with its another = terminal coﬁnected with a
second excitation site of the treated region; and

an electric power source connected to the generator for
applying a selected voltage to the generator,

wherein the voltége is applied such that the generator is
triggered to  produce the time  varying frequency-
electromagnetic wave capablé of inducing an avalanche current
in'the water and/or on a surface of the substrate to shock or
klll the organisms.

According to the invention, the substrate may be made of an
electrically conductive material or an electrically non-

conductive material. For the electrically non-conductive

'substrate, one or more metallic element may be provided at the

respective excitation site so as to be electrically connected
with the generator or the suppressor, if this exoitation site
is positioned on the non-conductive substrate. Alternatively,
an electromégnetic wave emitter may servé the same purpose as
the metallic element. |

The positions of the first and second excitation sites may

be varied according to the actual needs and requirements. The

two excitation sites may be arranged on a same surface of the

substrate in a spaced relation or on two different surfaces of

the substrate. It is possible that one of the first and second
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excitation sites is positioned on a surface of the substrate,
and the other is positioned in the water.

| Preferably, an emitter may be provided at one or'eaéh of
both of the first and second excitation Sites, and the first
and second excitation sites are electrically connected with
the generator and the suppressor through the emitters.

In the case of the substrate of an electrically - non-
conductive material, the treated region is preferably enclosed
fully or partially, in order to enhance the avalanche wave
current flux density. .

~Advantageously, the frequency of the time varying frequency

“electromagnetic wave is between about 100 Hz and about 1 MHz,

preferably between about 100 Hz and about 200 KHz. The
electromagnetic wave has prefefably a sweeping frequency
between about 1 Hz and about 1 KHz.

The avalanche current suppressor is provided to suppress or
control the exponential increésing avalanche current. The
suppressor may be selected from the group consisting of .
digital or analog RLC circuit, inductance circuit, capacitor-
circuit, LC circuit, RL circuit and RC circuit designs to suit

different load requirements for different applications. One

~example of the suppressor is a series RLC circuit containing a

resistor (R), an inductor (L) and a capacitor (C), the
charaéteriétic of the series RLC circuit is that the magnitude
of the current 1is a function of frequency and the current
reaghes maximum value at the ‘resonance frequency, _thereby
achieving the effect of limiting the amount of current in the
treated region defined by the substrate and the water flowing
around the substrate.

The voltage to trigger the production of the avalanche
current can be very small. In one embodiment of the invention,

the electric power source supplies to the electromagnetic wave



10

15

20

25

30

generator a peak to peak voltage between about 24V to 200V as
the trigger voltage. 4 -

Another aspect of the invention is to provide a method for
prevehtion of adhesion of organisms in water to a substrate in
contact with the water,.Wherein the substrate and the water
flowing around the substrate form-together a treated region,
comprisihg the steps of: |

providing a generator for producing electromagnetic wave
having a time varying frequency,

subjecting the treated region to the generated time varying
frequency electromagnetic wave, wherein a selected voltage is
applied to the generator such that the generator is triggered
to produce the time varying frequency electromagnetic wave’
capable of inducing an avalanche current inrthe water and/or
on a surface of the substrate to shock or kill‘the organisms,
and A

suppressihg the avalanche current through the treated
region.

Unlike the conventional DC componentfbaséd systems to
prevent the adhesion of organisﬁs effecf&ve in constrained
areas of the water, the essence of the invention is to_ use the
avalanche current, a self-sustained sharply increasing.current
pulse, produced by the time varjing electromagnetic wave on
the surface of the substrate or in the water. The avalanche
current does not rely on ions to carry the current within the
water, 1nstead it 1s the combined result of electrons and
charged particles bombardment taking place in the water. It is
found that the receptofs oﬁ the cell membranes of the
organisms are thermally  or physiologically averse to the
electron avalanche and exited atoms iﬁ the substrate, thereby
preventing the attachmént'of microorganisms, algae, bio-film

and other species onto the surface of the substrate. Thus, the
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antifouling of organisms is achieved without causing any harm
to the environment ecological conditions. |

The conventional DC component-based system is characterized
by the anode and cathode arrangement in connection with fhe
positive and negative terminals of the power source. In
coﬁtfast, there 1is vno electrode arrangement in the preseﬁt
invention and the electromagnetic wave generated is a pure AC
wave, ahd the output of the electrOmagnetic wave generator can
be connected directly onto the séme piece of metal without
causing the problem of short circuiting. ,

To have a better understanding of the.invention reference
is made to the following detailed description of the invention
and embodiments thereof in conjunction with the accompanying

drawings.

. Brief Description of the Drawings

Figure 1 is a schematic view of an exemplary arrangement
known in the prior art.

Figure 2 is a schematic view of a system for prevention“of
adhesion of marine organisms to a substrate in contact with
seawater, which 1is constructed in éccqrdance with a first
embodiment of the invention. |

Figure '3 is a schematic view of a system for prevention of
adhesion of marine organisms to a substrate in contact with
séawater, which 1s constructed 1in accordance with a second
embodiment of the invention.

Figure 4 is a schematic view of a system for prevention of
adhesion of marine organisms to a substrate in contact with
seawater, which 1s constructed in accordance with a third
embodiment of the invention.

Figure 5 is a schematic view of a system for prevention of

adhesion of marine organisms to a substrate in contact with
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seawater, which 1s constructed in.- accordance with a fourth
embediment of the invention; _ |
Figure 6 is a schematic view of a system for prevention of
adhesion of marine organisms to a substrate in contact with
seawater, which 1s constructed in accordance with a fifth

embodiment of the invention.

Detailed Description of the Preferred Embodiments
While +this invention 1is illustrated and described in

preferred embodiments, the system for prevention of adhesion

- of organisms in water to a substrate in contact with the water

may be produced in many different configurations, sizes, forms
and materials. h
Conventionally, it is believed that an avalanche current
only‘takes pléce in vacuum or in gas plasma discharge from
which electrOnhholeipairs are more easily created, and that
the avalanche current will not occur in water or on metal

surface. The invention is based on the finding that the

-avalanche current can be created in water as well as in metal

by exciting the water or the metal using the time wvarying
pulsed low frequency electromagnetic wave. With the production
of the avalanche current in the water, elecrrons and charged
particles are bombarded in an ® “avalanche” manner without
following the “conventional sink and source” potential
distribution and current flow characteristic. The behavior of.
the electrons and charged particles is similar to the electron
bombardment in a fluorescent tube. In order to control and
limit the avalanche current through the water and the
substrate, an avalanche current suppressor is therefore needed
to be incorporated into the invention.

Due tov the random bombardment of the electrons and the

charged particles, the avalanche current will reach out to the

10
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fine gaps and corners within the water mass or the surface of
the substrate. Since the avalanche current travels within the
entire bulk water, it would either kill or shock the organisms
effectively in the water including reaching out to all the
blind . spots  and areas in water not 'reachable by the
conventional DC component-based systems. |

When the avalanche current takes place on the surface of
the .invention, the surface becomes “excited” or “hot” and
deters the attachment or adhesion of the organisms. The
avalanche current effect can be seen both on thé surface of
the substrate and in the water of the entire treated region,
with the result that the environment is hostile to the
organisms 1in every part of the sub;trate in contact with the
water. No chemicals or active substances are introduced into
the water. | '

It is also found that the avalanche current would bounce to
and from within the electrically non-conductive chamber which
is fully enciosed (such as a plastic tank) or partially
enclosed (such as non-metallic pipe. with open ends). As a
result, the measured wave voltage and frequency will be
amplified with similar behavior as the magnetron generating
high frequency electromagnetié waves 1n a microwave oven. The
amplificétion in frequency and voltage is beneficial to kill
or control the growth of organisms in the water.

The distinguishing feature of the invention is that the
avalanche current is induced in water and on the surface of
the substrate by the time wvarying pulsating low frequency
alterna;ing electromagnetic waves. The time varying frequency
waves contain no direct current component such that no
undesirable DC pulsed wave or DC electrclysis effect including
chlorine generation or active substance production takes

place. In fact, DC pulsed wave or DC electrolysis has another

L
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disadvantage of hard chemical scale and biofilm forming at the
cathode surface to decrease the active cathodé surface area
and»iﬁcreaée the diffusion resistance for oxygen, which hés
many negative effects on bio-fouling and.organism control. In
the invention, the scaling and biofilm formation would not
occur since ‘the time varying pulsed low frequency'
electromagnetic wave 1is uséd, and it has'alsb been found that
the total réSidual oxygen (TRO) content Vand also the
disinfection bybroduct (DBP) formation in the water after the
treatment by the invention show no increment and have no
hafmful impact to the environment. This éllows for eliminating
the hecessity of receiving the active substance assessment in
IMO type approval. -

For the sake of clarity and convénience, “marine organisms”
in seawater is taken herein as one example of organisms that
attach onto a substrate in contact with the seawater. It would
be appreciated tﬁat the brganisms in any other electrolytes
are applicable.

Referring now to the drawings, Fig. 2 provides a system 100
constructed consistent with a first embodiment of the present.
invention. Ih this embodiment, the system 100 comprises a
power supply unit 110{ ‘a generator 120 for ©producing
electromagnetic wave having a time varying frequency, an
avalanche current suppreésor 130, a metal pipe 140 such as a
steel pipe into which the seawater flows. The pipe 140, the
seawater flowing into the pipe and the water flowing outside
but around the pipe constitute a treated region which is
subject to the treatment of electromagnetic field having a
time varying frequency. '

The power supply unit 110 is electrically connected to the
generator 120. AC power supply is used 1in the power supply

unit 110. The power supply unit 110 supplies an AC voltage to

12
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'trigger'thelproduction of the avalahché current in the water

"and/or on a surface of the pipe 140 for the anti-fouling

purpose. The power supply unit ilO preferably supplies to the
generator‘l20 a peak to peak voltage between about 24V to
about 200V depending on the actual applications. The trigger
voltage can be very small. For submerged steel structures in

seawater, the minimum peak to peak voltage of about 24V 1is

needed to trigger the avalanche current generation.‘It would

be understood that the higher the trigger voltage is, the
stronger the electromagnetic strength outputted by the
generator is to trigger the avalanche current.

The generator 120 can be of any‘type of means known in the
art that 1is able to generate .the time varying frequency
eléctromagnetic wave. For example; the generator may be a
circuit board, a console card or a ferrite core ahtenna with a
coil wound Around the antenna. The generator 120 has two
output' terminals 122, 124, and the terminal 122 is in
electrical connection with the avalanche current suppréssor
130.

For control of different organisms in the water, a wide

range of frequency is required asvdifferent types of organisms

~respond to different frequency ranges and- current strengths.

Preferably, the time varying frequency of the electromagnetic
wave used in the invention is in the range of 100 Hz to 1 MHz,
preferably in the range of 100 Hz to 200 kHz, with the
sweeping frequency between about 1 Hz to 1 kHz. The wave form
of the time varying frequency electromagnetic wave can be
square,'triangular, sinusoidal or other forms.

The avalanche current sSuppressor 130 is provided to
suppress the exponential increasing avalanche current. A first
terminal of the suppresscor 130 is in electrical connection

with the output terminal 122 of the generator, and a second
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terminal of the'suppressor_l30 is in connection with the pipe
140. The suppressor 130 in the invention is like an electrical
ballast wused in a -fluorescent tube to limit the current
through the tubé where the electrons travel in vacuum from one
end to the other to create the avalanche effect which is shown

by an exponential increase in current in the tube. The

suppressor 130 can be digital or analog RLC circuit, L circuit, .

C- - circuit, LC circuit, RL circuit or RC circuit to suit

different load requirements for different applications. 1In

‘this embodiment, the suppressor is a series RLC circuit whose

characteristic is that the magnitude of -the current is a
function of frequenéy and the current reaches maximum value at
the resoﬁance frequency, thereby achieving >the beffect of
limiting the amount of current in the treated region. |

As shown in Fig. 2, the second terminal of the suppressor
130 and the Qutput' terminal‘ 122 of the generator 120 are
connected With a firsﬁ excitation site 160 and é second
excitation site 150 1in spaced relation on the same wall
surface of the pipe 140, respectively, without .causing' the
problem of short ‘circuiting, When the trigger voltage 1is
applied to the generatdr, the time varying pulsed low
frequency electromagnetic wave is generated and travels on the
wall surface of the pipe 140 and also in the water to induce
the avalanche current. It is believed that a non-gaseous
discharge plasma phenomenon is taking place in the metallic
substance and in the water and the avalanche effect is
reflected in the increase in wave current. Therefore,' the
avalanche current suppressor 130 is required stabilize and
limit the current.

After the avalanche current is induced, ﬁhe electrons and
charged particles in the pipe and in the water are bombarded

in an avalanche manner so that the current would propagate 1in

14
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all directions ' in .the treated region (see _Fig. 2).. The
electromagnetic wave can travel on the surface of the metal

pipe via the skin effect due to the high frequency, which

‘would facilitate the avalanche effect. When  the

~ electromagnetic wave travels on the surface, this surface

becomes a “hot plate” to the organisms which would choose to
remain in the water instead of adhering to the surface. As a
consequence, the whole pipe 140 is fully subject to the
avalanche current tfeatment, and adhesion of the marine
organisms onto the pipe 1is effectively preveﬁtéd. This is
unlike the DC component-based systems where the current is
flowing only between the anode and the cathode and no current
flows outside of the electrolyte space between the anode and
the cathode. ' | '

To excite the‘avalanche current, the output terminals of
the generator can be connected to the pipe or to the water in
various’ ways. Figs. '3 and 4 illustrate second and third
exemplary variants of the arrangement in Fig. 2.

In Fig. 3, the first excitation site 160 and the second
excitation site 150 are positioned on the two opposite
surfaces. 1In this'embodiment, the two output terminals 124,
122 of the generator 120 are connected to the first and second
excitation sites 160, 150 through an electromagnetic wavé
emitter 170 received in a through hole extending through the
pipe wall on the first or second excitation site. Thé emitter
170 enables- to strengthen the propagation of the
electromagnetic‘wave along the surface of the pipe and in the
water. When the avalanche current 1s emitting out from the
emitter pairs 170, a stronger avalanche effect will Dbe
produced and the water to the pipe voltage will be ihcreased
by a few volts. In order to guide the avalanche current, an

eléctrically isolating material 172 may be filled between the
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emitter 170 and the hole. The isolating‘material 172 allows
the ‘time varying frequéncy electromagnetic wave and the
avalanche current to be propagated from the emitter to and
along the metal surface via the skin effect. |

In Fig. 4, the output terminal 122 of the generator 120 is -
connected to the water through an electromagnetic wave emitter
170. As 1illustrated, the emitter 170 1is positioned in the
water within the pipe 140. This arrangement can also produce
the same avalanche effect as shown in Figs. 1 and 2.

Now referring to Fig. 5, there is illustrated a system 200
constructed consistent with a fourth’embodiment of the present
invention. In this embodiment, the substrate to be treated is
a hydro-cyclone housing 241 made of a metal material. Similar
to the first embodiment discussed above, ‘thev system 200
comprises a power supply unit 210, a generator 220 for‘
producing electromagnetic wave having a time varying frequency,
an avalanche current suppressor 230, and a hydro-cyclone 240
containing seawater. The hydrb—cYclone housing 241 and the
seawater constitute a treated region which is subject to the
treatment of electromagnetic field having a time varying
frequency;

The description of the power supply unit 210, the generator

220 and the suppressor 230 may be made reference to the

corresponding units discussed above in the first embodiments
and will be omitted here. As shown, the two output terminals
of the geherator 220 are connected to thé housing 241 at the
top and bottom thereof to induce the avalanche current flowing
in the water and along the surface of the housing 241. The
avalanche current effectively prevents the adhesion of the
marine organisms in the water contained in the hydro-cyclone

onto the housing 241.

16
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Fig. 6 illustrates another system 300 constructed
consiatent with a° fifth embodiment of the present invention..
In this embodiment, the system 300 comprises‘a powef supply
unit 310, a generator 320 for producing electromagnetic wave
having a time varying frequency, an avalanche  current
suppressor 330, a non-metallic pipe 340 such as a plastic pipe.
The arrangement in this embodiment is substantially same as
the one shown in the first embodiment discussed above, but

differs from the first embodiment in that the pipe is made of

‘a non-metallic material which is electrically non-conductive

and that a metal strainer 380 is provided across the pipe
cross section. To excite the ‘plastic vpipe 340, the outputr
terminals of the generator 320 may be connected to the metal
strainer 380 as shown in Fig. 6. Multiple metallic strainers
may be used to iﬁprove_the efficiency.

It would be within the ability of the skilled person invthe
art that the electromagnetic emitters in place of the metallic
strainers may be positioned on the plastic pipe 340 to induce
the avalanche current on the surface of the pipe and in the
water.

In this embodiment, the avalanche current would travel in
the water since the plastic pipe 340 fails to provide a
conductive path along which vthe current flows. In order to
produce a significant shocking or killing effect on the
organisms, it is advantageous to enclose the whole structure
fully'or‘partially to reduce the water volume to an extent. In
the enclosed structure, the avalanche current would bounce te
and from so that the current is enhanced. All the organiems in
the enclosed structure are subject to the avalanche current
treatment and prevented from adhering onto the plastic pipe

surface.

17
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As can be seen, the invention treats the electrically
conductive and non-conductive substrates in two different ways.
In the case of a conductive substrate, the time wvarying
frequency electfomagnetic wave would travel both in the Water
and along the conduétive path provided by the conductive
substrate. The avalanche current induced is strong enough to
shock and kill any living organisms in water further in view

of the skin effect. Depending on the substrate thickness and

" the frequency range, the emitters may or may not be provided,

and the excitation sites may be varied.

In the case of a non-conductive substrate, the time varying
frequency electromagnetic wave would travel in the water only
as no conductive path is available. If the excitation sites’
are placed in the open sea which 1is infinite, the avalanche

wave current flux density 1is probably weak to effectively

control the adhesion of organisms when 1t is away from the

excitation sites. Under this éiréumstance, it is preferable to
enclose the non-conductive éubstrate fully ot partially.

In the case of .a conductive substrate well coated with a
rubber line for example, this substrate will be treated as a
non-conductive substrate. In the «case o0of a conductive
substrate coated with a porous non-conductive coating, this
substrate will be treated by tHe methods for conductive and
non-conductive substrates in combination.

The invention thus provides a system and a method for
prevention of adhesion of organisms- onto a substrate 1in
contact with the water which 1is very simple,‘ relatively
inexpensive and more environmentally sound without leaching
toXins, and which provides an efficient antifouling result. In
this invention, the avalanche current effect is expected to
propagate .to cover the entire bulk water and the surface of

the substraté.

18
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While the embodiments described heréin are intended as
exemplary arrangements for prevention of adhesion of organisms
in water to a substrate in chtact_withbthe water, it will bé
appreciated by those skilléd -iﬁ '£hefié££¢ fhat the present
invention is not limited to the embodiments illustrated. Those
skilled in the art will envision many other poSsible
variations and modifications by means of the skilled person's
common - knowledge without departing from the . scope of the
invention, however, such Variations and modifications should

fall into the scope of this invention.
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What is claimed is:

1. A system for prevention of adhesion of organisms in
water to a substrate in contect with the water, wherein the
substrate and the water flowing around the substrate form
together a treated region, comprising:

a generator for producing electromagnetic wave having a
time varying frequeney, said generator having at least two
output terminals, one of which in electrical connection with a
first excitation site of the treated region; |

‘an avalanche current suppressor with its one terminal in
electrical connection with the other of the outputs of the
generator and with 1ts another terminal connected with a
second excitation site of the treated region; and o

an electric power source connected to the generator for
applying a selected voltage to the generator,

wherein the voltage is applied such that the generetor is
triggered to produce the time verying frequency
electromagnetic wave capable of inducing an avalanche current
in the water and/or on a surface of the substrate to shock or
kill the organisms. ‘

2. " The system as claimed 1in ‘claim 1, wherein the
substrate is made of an electrically conductive material.

3. The system as Aclaimed in claim 1, wherein the
substrate is made of an electrically non-conductive material,
and one or more metallic element is provided at the respective
excitation site so as to be electrically connected with the
generator or the suppresser, if this excitation site 1is
positioned on the non-conductive substrate.

4. The system as claimed in claim 3, wherein the
metallic element 1is formed as a strainer or a -screen mesh

across a cross section of the substrate.
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5.  The system as claimed in any one of claims 1 to 4,
wherein both the first and second . excitatibn sites are
positioned on a Séme surface of the substrate in a spaced
relation.

6. ' The system as claimed in any one of claims 1 to 4,
wherein both ~the first and second excitation sites are
positioned on two different surfaces of the substrate.

7. : The system as claimed in any one of claims 1 to 4,

wherein one of the first and second excitation sites is

‘positioned on a surface of the substrate, and the other is

positioned in the water.

8. The System as claimed in any one of claims 1 to 4,
wherein an emitter 1is provided at one or each of both of the
first and second excitation sites which are electrically
connected with the generator and the suppressor through the
emitters respectively. - _ |

9. The system as claimed in any one of claims 1 to 4,
wherein an electrically isolating material is provided to
surround the first and second excitation sites.

- 10. The system as claimed in <claim 1, wherein the

substrate is made of an electrically non-conductive material,

and if the first and/or second excitation sites are positioned
on the electrically non-conductive substrate, an emitter is
provided at the respective excitation site to be electrically
connected with the generator or the suppressor.

11. The system as claimed: in claim 1, wherein the
substraté is made of an electrically non—éonductive material;
and the treated region is enclosed fully or partially.

12. The system as claimed in claim 1, wherein the
frequency of the electromagnetic wavefis between about 100 Hz
and about 1 MHz, préferably between about 100 Hz and about 200
KHz . - ’ .

21
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13..' The system as claimed in c¢laim 1, wherein Ithe
electromagnetic wave has a sweeping frequency between about 1
Hz énd about 1 KHz. |

14. The system as claimed  in claim 1, wherein the
suppressor 1is selected from the group consisting of RLC
circuit, inductance circuit, Capacitor circuit, LC circuit, RL
circuit and RC circuit.

15. . The system as claimed in c¢laim 1, wherein the
electric power sourée supplies to the generator a peak to peak
Voltage.betweén about 24V to 200V as the trigger voltage.

16. A method for prevention of adhesion of organisms in

water to a substrate in contact with the water, wherein the

‘substrate and the water flowing around the substrate form

togethér a treated region, comprising the steps of:

providing a generator for producing electromagnetic wave
having a time varying frequency, |

subjecting the treated region to the generated time varying
frequency electromagnetic wave, wherein a selected voltage is
applied to the generator such that the generator is triggered
to produce thé time varying freqguency eleqtromagnétic wave
capable of inducing‘an avalanche current in the water and/or
on a surface of the substrate to shock or kill the organisms,
and ' ,

suppressing the avalanche current through the treated
region.

17. The method as 'claimed in claim 16, wherein the
substrate is made of an electrically non-conductive méterial,
and the treated region is enclosed fully or partially.

18. The method as claimed in claim 16, wherein the
freqqgncy of the electromagnetic wave 1is between about 100 Hz
and about 1 MHz, preferably between about 100 Hz and about 200

KHz.
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19, The method ‘as claimed in claim 16, wherein the
eléctromagnetic wave has a sweeping frequeﬁcy between about 1
Hz and about 1 KHz. v

20. The method ‘as ~claimed in claim 16, wherein the
suppressor is selected from the group consisting of RLC
circuit,'inducténce circuit, capacitor circuit, LC circuit, RL
circuit.and RC circuit.

21. The method as claimed in claim 16, wherein the

electric power source supplies to the generator a peak to peak

_vdltage between about 24V to 200V as the trigger voltage.



