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APPARATUS FOR PURIFYING WATER IN AN AQUARIUM

CROSS-REFERENCE TO RELATED APPLICATION

This application claims benefit of, and priority from, Singapore patent
applicatioh No. 201103820-5, filed on 26 May 2011, the contents of which are

hereby incorporated herein by reference.

FIELD OF THE'INVENTION

The invention relates to an apparatus for purifying wafer in an aquériUm.
BACKGROUND ART

The following discussion of the background to the invention is intended to
facilitate an understanding of the present invention only. It should be
appreciated that the discussion is not an acknowledgement or admission that
any of the material referred to was published, known or part of the common
general knowledge of the person skilled in the art in any jurisdiction as at the

priority date of the invention.

Known water purification in aquariums typically use simple mechanical
filtration or biological filtration to maintain water quaiity and to remove waste
material build up in the tanks. Such waste material includes, but is not
exclusive to’ammcv)nia (NH3), ammonium (NHy), nitrite (NO2) and nitrate (NO3).

Mechanical filtration includes passing water through filter pads, but such filter
pads require regular change to maintain the water quality. In addition, the
size of the mechanical filters is required to be adapted according to the size of

the aquariums.

Biological filtration generally involves bacteria or microbes, such as
nitrosomonas bacteria and/or other micrborganisms that are involved in a
nitrifying and denitrifying process in the aquarium which break down the
nitrogen-based waste materials. However, such biological filters may be.

unreliable because they are highly sensitive to water parameters such as
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temperature, pH level, phosphate level, dissolved oxygen level water
hardness~level (both~general-hardness-and—carbonate—hardness)-etc.-In-the-
event where the water parameters are not conducive for the survival of the
microbes or bacteria, they may further' contribute to the waste materials

instead of breaking down the waste materials.

As waste accumulates in aquariums, high nitrogen concentration in water
which is toxic to fishes is often overcome 'by water change or having a very
big filtration unit (which comprises of mechanical and/or biological filtration) to
breakdown the waste materials. Water change is a tedious manual process
which requires manpower and time, while the breakdown of waste materials
into less toxic forms using mechanical and/or biologicai filtration typically takes
a long time and is dependent on the flow unit, type of bio-filter media and also

the strains of bacteria present for the filtration.

Accordingly, the described solutions do not ensure the constant quality of
water. Fluctuation in water quality which occurs due to negligence, change of
water and/or variation in water parameters are harmful to fish due to waste

accumulation.

It is thus an object of the invention to mitigate at least one of the above

menﬁoned problems.
SUMMARY OF THE INVENTION

The invention is related to the breakdown of waste materials in an aquarium,

specifically nitrogen based compounds which includes:

Ammonia (NHj3), which is primarily released into aquariums from fish waste,
uneaten food, or a fish that dies in the tank. This is particularly dangerous as it

leads to ammonia poisoning which could kil fish;

Ammonium (NHa), while less harmful than NHa, turns into NH3 when the water

pH is higher than 7;

Nitrite (NO,) is created when the poisonous NH; is broken down. NOs is a

toxin and can kill the fish not kept under control; and
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Nitrate (NO3) are the product of NO, being broken down in the aquarium. NO3,
‘Wh’i’le”re’S’S‘toXi’cha‘y‘stilrh'arm-th'e‘ﬁserOg—may-be*eve‘ntqa|Iy*br0ken~down‘

and converted into Nitrogen Gas (N).

In accordance with a first aspect of the present invention, there is provided an
apparatus of purifying water in an aquarium comprising an electrochemical
flocculation feactor; the electrochemical flocculation reactor comprising
titanium-baséd electrodes operable to convert nitrogen based compounds
such as ammonium, ammonia, nitrite and/or nitrate into nitrogen gas in the

aquarium.

Advantageously, the electrochemical flocculation reactor further comprises

carbon-based cata‘lyst suitable for generating hydroxyl radical.

Preferably the operable voltage for the electrochemical process is betWeen 5

to 24 volts. More preferab_ly the operable voltage is between 5 to 9 volts.

Suitably, the electrodes are placed at a distance of 5 to 10 centimetres
between each other.
Pvreferably, the operable current is about 0.5 milli-amperes.

A further aspect of the invention provides, a process for purifying waste water
in an aquarium to convert ammonium, ammonia, nitrite and/or nitrate into
nitrogen gas comprising the step of passing a electrical charge between two

titanium-based electrodes within the aquarium.

Preferably, the process is conducted using the apparatus of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will now be deScribed, by way of example only, with

reference to the accompanying drawings, in which:

Figure 1 is a schematic representation of the purifying apparatus in

accordance with an embodiment of the present invention.
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Figure 2 is a schematic representation of the components of a purifying

apparatus inaccordance with-an-embodiment-of the present-invention:

Figure 3 Is a side view and a top view of a schematic representation of the
purifying apparatus in accordance with an _embodiment of the present

invention.

Figure 4a is a step wise method of replacing a catalyst cartridge and 4b is a
step wise', method of replacing an anaerobic cartridge of the purifying

apparatus in accordance with an embodiment of the présent invention.

Figure 5A and 5B is a depiction of the purifying apparatus in use within an
aquarium and Figure 5C is a schematic representation of the electrochemical

filtration method in accordance with an embodiment of the present invention.

Figure 6 is a graph of the level of pH (6A), total nitrogen (6B), ammonia (6C),
Nitrite (6D), and nitrate (6E) in either tank A containing a cartridge of a
carbon-based catalyst suitable for generating hydroxyl radical (OH_) or tank B

containing only the activated carbon substrate.
DESCRIPTION OF EMBODIMENTS OF THE INVENTION

In accordance with a first embodiment of the invention there is an apparatus
10 for purifying water in an équarium comprising an electrochemical
flocculation reactor 12 as shown in Figure. 1. The electrochemical flocculation
reactor comprises a plurality of electrodes 14. Electrodes 14 are made of at

least one type of titanium alloy.

Prior to use, the following parameters of the electrochemical flocculation

reactor have to be tuned/determined as follows:

Distance between the electrodes 14 — 5 to 10 centimetrés.
Operable voltage range — 510 24 Volts |
Operable current range — 0.5 milli-amperes

The apparatus 10 will next be described in the context of its operation.
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For an aquarium size of water capacity of about 80 to 200 litres, a user
’swit‘ch'e'S'"on‘th'e*ap'p’aratuS*‘TO*to—abo-ut*S*voIts.*'Fhefanodesp1f4a~arrefmade—of—
titanium alloy. The cathodes 14b are made of titanium alloy. In the preferred
embodiment the anodes 14a and cathodes 14b are the same titanium alloy,
but it will be appreciated by a skilled person in the art that the anode and
cathode may be different titanium compounds. In a preferred embodiment the

anode 14a and the cathode 14b comprise a titanium carbon fibre.

Figure 2 depicts the components of a preferred embodiment of the apparatus

10 having a motor in a motor housing 22 that fits a catalyst cartridge 20 within

one side of the motor housing 22. The catalyst cartridge 20 is fixed in place
within the motor housing 22 with a motor housing support casing 24 and
secured with a mdtor housing front cover 18 and the output nozzie 16. The
side opposite where the catalyst cartridge 20 is inserted into the motor
housing 22 is fixed a series of suction cups 26 that help to secure the
apparatus 10 to the side of an aquarium tank 54 any other means of securing
the apparatus 10 to the side of an aquarium tank 54 known to those in the art
such as a hook would also be suitable. A motor drive shaft 27 is formed with a
ceramic shaft 28 surrounded by an impeller 32 and an an impeller cover 36.
Any drive shaft capable of driving a motor known to a person skilled in the art
would also be suitable. At the base of the motor housing 22 fits biological
section 35 cdmprising a biological housing 44 into which fits a block of foam
40 preferably superior bio foam. The foam is formed to have a recess into
which the impeller cover 36 of the motor drive shaft 27 fits. Sitting against one
side of the foam 40 is an anaerobic media casing 30 that can be filled with any
sutable filter medium such as peats moss where it is required to lower the pH,
coral chips where it is required to iower the pH, or any other medium known to

those skilled in the art. The biological housing is completed with an air tube

- 38. An air regulator valve 42 and an air tube clip 46 which are all secured in

place with an anaerobic cover 34. Vibration of the device is minimised with an
anti vibraration stud 48 that steadies the apparatus 10 against the side of the
aquarium tank 54.A side view of the purifying apparatus in accordance with an

embodiment of the present invention is shown in Figure 3 where the
5
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dimensions of a device suitable for a 100 to 300 litre tank is given where L1 is

T14mm; H1is 243mm, H2-is13mm; H3is256mm-and-W1tis 76mm.—A-device-

of this size will provide a flow rate of 500-550 litres per hour, and requires 13
watts of electricity. In other embodiments the sizes may vary to provide
different flow rates that would be suitable for different tank volumes. A tank
size of 100 litres may requiré a flow rate of 250 to 300 litres per hour or a tank
size above 300 litres may require a flow rate of 800 to 1000 litres per hour.
The larger the volume of the tank size the faster the flow rate would be

" needed and similarly for smaller tank volumes a relatively smaller flow rate

would be needed.

To replace the catalyst cartridge 20 the step wise method of figure 4a can be
followed in step 1 the biological section 35 from the motor housing 22 by
pressing gently on the side of the biological section 35 with fingers (as
indicated) and p'ulling it apart firmly. In step 2 the output nozzle 16 is removed
by firmly pulling it up vertically. In step 3 the motor housing support casing 24
and front cover 18 is gently slid off the motor housing 22 containing the
catalyst cartridge 20 therein. The old catalyst cartridge 20 may be diécarded,
step 4 and a new catalyst cartridge 20 prepared as shown in step 5 by rinsing
the catalyst cartridge 20 thoroughly under a running tap. In step 6 place the
catalyst cartridge 20 into the motor housing 22 with the flat side exposed and

facing away from the motor housing 22.

To replace the anaerobic chamber 30 the step wise method of figure 4b can

" be followed, where in step 1 the anaerobic chamber 30 is firmly detached from

the biological section 35. In step 2 an anaerobic cartridge 56 housed inside
the anaerobic cartridge 56 is pushed upwards with a thumb. In step 3 a finger
is used to pry open the cartridge 56 such that any suitable filter medium can

be added before that system is then put back together'.

Another aspect of the invention prbvides a process of purifying water in an
aquariurh using an electrochemical flocculation reactor 12 as shown in Figure
1.
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Upon switching on the apparatus 10, electrolysis begins and the chemical
‘oxidation process of any ammonium—compound—in-the-water-is—detailed—in-

equations (1) to (6) as follows:

NH," + OH" & NH; + H,0 | | | (1)
NH3V +0 — NH, + OH | (2) ;
NH, + O — NH+OH | 3)
NH + O — N + OH’ | (4)
N+O—-NO | - (5)
N+N— N, | . (6)

The pfocess not only provides a more efficient pathway for the degradation of
waste in aquarium tanks, it also makes sure that the by-products are safe and
the energy consumption is kept to its minimum level. The system is capable of
enhancing the natural filtfation process in aquariums by as much as a few

hundred percent when compared to conventional systems.

The electrochemical flocculation reactor may comprise catalyst 20 to assist in
the electrochemical process. The catalyst is suitably a carbon-based

compound targeted to produce hydroxyl-radicals having an oxidation potential

- of +2.8 V. The process uses very low electric current to produce OH- reactive

ions which quickly break up bio-loads into nitrogen gas, water, and smaller
organic and inorganic ions through oxidation. Unlike known electrolysis
techniques which use high energy consumption the process is less intrusive
energy consumptive and low cost as it uses very low electric current. The
amount of catalyst USed‘may be between 10 grams to 50 grams. In addition,
the catalyst suitably maintains an effective balanced ecosystem within the

aquarium. As the catalyst is a carbon-based compound it is eco-friendly. The
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process and apparatus can be applied to the ornamental fish industry as it

promotes a natural, chemical free"environment for-all-aquaticlives:-

The catalyst 20 is made in the form of a cartridge. Active carbon monoliths
can be effectively utilised in all operations where active carbon is being
applied as a granulate. Active carbon monoliths can be manufactured using
specival types of coal or carbonaceous material which are susc_eptible for
forming and retaining the monolithic form after thermal treatment. The
additional specific property of the monolithic material is low thermal expansion
coefficient. The active carbon monoliths are then coated with the carbon
based catalyst to form the cartridge medium (Cata-Pure™) 20. The cartage
medium 20 catalyses the degradation process without the need of a high
current. Further, the cartridge medium 20 catalyses the degradation process

at room temperature and at a pH suitable for an aquarium ecosystem.

It is to be appreciated that while equation (5) includes the formation of NO as
an intermediate species may not be easily picked up by typically methods
such as temperature programmed reaction spectroscopy (TPRS), electron
energy loss spectroscopy (EELS) and low energy electron diffraction (LEED)

due to ambiguities of the NO frequency spectrum.

The process has the advantage of bypassing most of the stages in the
nitrification process and the de-nitrification process at a temperature and pH
suitable _for an aquarium ecosystem. Hence, maintaining ammonia, nitrate and

nitrite at a very low level suitable for aquatic plants and animals.

It is to be appreciated that the combination of the various parameters such as
voltage range, type of electrodes, distance between electrodes, catalyst type
and quantity assist in the generation of an effective amount of hydroxyl

radicals for achieving the desired purpose.’

The process may be further coupled with natural bio-filtration. This will allow

the water quality in the aquariums to be more stable and also more resistant
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to nutrient surges such as an ammonia surge, which are detrimental to the

fishrwell-being.

Use of the system

As depicted in Figure 5 A and B the apparatus 10 is placed in an aquarium
tank 54 filled with water 52. The device may use household electricity via a
cord 50 plugged into a household socket. It is important that the apparatus 10
is submerged in the water 562. Within the water 52 of an aquarium tank 54
there is a biological load of organic nutrients from leftover food, debris and
waste that include ammonia, nitrite, nitrate and phosphate. The apparatus 10
is placed within the water of the aquarium. The water of the aquarium then
forms the electrolyte fluid 52 of the electrochemical flocculation reactor 12.
The catalyst cartridge 20, containing the special formulated medium of a
carbon-based catalyst suitable for generating hydroxyl radical (OH_) forms a
special reaction chamber as depicted in Figure 5C. A very low current of
about 5mA passes through the titanium carbon fibre electrodes'14 saving
energy and inducing the generated hydroxyl radicals to break down ammonia
nitrate and nitrate to nitrogén gas N, as described above. The effect is shown
in improved water quality, healthier fishes with more vibrant colours, faster

growth as well as enhanced fish maturity.

1st unit was made as an external device of the aquarium as part of the water

filtering.

Several comparison tests were conducted which include;

a. Over population of fish

b. Over feeding of fish

c. Fishes that is sick

Al tests indicated that the system performed well as compared to the
traditional bacteria system. In particular the system performs excellently when
there is a sudden spike in fixed nitrogen based compounds dissolved in the

water of an aquarium.
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A further test was conducted to observe the pH level, total nitrogen, ammonia,

nitrite"and nitrate levels in two separate tanks. The apparatus—10-used-was

similar to that depicted in figure 5.

Tank A, contained a cartridge 20, containing the special formulated medium of

a carbon-based catalyst suitable for generating hydroxyl radical (OH ). |

T.ank B, contained a cartridge containing only the activated carbon substrate

with no catalyst.

The pH level in the tank A containing the catalyst is higher than in tank B
(Figure 6A) which is expected with the presence of the hydroxyl ions.

The total nitrogeh level in tank A appeafs to be lower and more stable (figure
6B) due to the hydroxyl effect which breaks down organic nutrients found in
the tank, thereby completing the nitrogen cycle at a more stable and effective

rate.

The ammonia level in tank A is visibly lower and more stable compared to
tank B (figure 6C). This creates a safer environment for fish, as a high

ammonia level is unlikely to result when the device is in operation.

The nitrite level in tank A is maintained at an untraceable level as compared to
tank B (figure 6D). This clearly demonstrates one of the advantages of the

invention.

The nitrate level in tank A is averaging 5mg/L lower than in tank B (figure 6E)

again showing the efficiency of the system.
Variants

o Director alternatihg electrical current and voltage of varying strength to

electrodes may be applied.

10
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The Claims Defining the Invention are as Follows

1. An apparatus of purifying waste water in an aquarium compr,ising an
électrochemical flocculation reactor; the electrochemical flocculation reactor
comprising titanium-based electrodes operable to convert ammonium,
ammonia, nitrite and/or nitrate into nitrogen gas in the aquarium and a carbon-

based catalyst suitable for generating hydroxyl radical.

2. The apparatus according to claim 1, wherein the operable amount of

carbon-based catalyst is between 10 to 50 grams.

3. The apparatu's according to any of the preceding claims, wherein the
operable voltage for the electrochemical process is between 5 to 24 volts.

4. The apparatus according to any of the preceding claims, wherein the
electrodes are placed at a distance of 5 to 10 centimetres between each

other.

5. The apparatus according to any of the preceding claims, wherein the

operable current is about 0.5 milli-amperes.

6. The apparatus according to any of the preced'ing claims further comprising

a biological chamber.

7. A process for purifying waste water in an aquarium to convert ammonium,
ammonia, nitrite and/or nitrate into nitrogen gas comprising the step' of
passing a electrical charge between two titanium-based electrodes within the
aquarium wherein a carbon-based catalyst suitable for generating an hydroxyl

radical is placed between the titanium-based electrodes.

8. The process of claim 7 wherein the electrical charge has a voltage of 5 to
24 volts.

11
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9.7 The process of claim 7 wherein the electrical charge has a current of 5

milli-amperes.

10. The process of any one of claims 7 to 9 further comprising the step of
adding a microorganism suitable for biological filtration.

11. A Cartridge for use in the apparatus of claim 1 comprising at least two

titanium-based electrodes and a carbon-based catalyst suitable for generating
hydroxyl radical. |
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