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DECONTAMINATED FLUIDS AND BIOCIDAL LIQUIDS

The present invention relates to a method for the
purification of contaminated gases and ligquids and for the

production of biocidal liquids that have a finite activity

period.

As 1s well known there are many applications for purified
or decontaminated liquids. Water, for example, can be purified
or'decontaminatéd.tngotable standards and is then fit for human
consumption. Alternatively water can be disinfected to remove
a vériety of pathogens such as those which cause Legionnaires’
disease.

It i1s also well known there are many applications for
biocidal liquids which can be used to inactivate microorganisms

on contact and food surfaces, in liguids and the 1like, where a

treated liquid may be poured on to surfaces or into liquids to

inactivate microorganisms.

At the present time the principal purification or
decontamination methods involve chemical and/or heat treatment.
In the case of water, chlorination (that is dosing the
contaminated.watef'with chlorine) is widely used but the process
leaves residues which have to be filtered out and also unpleasant
tastes which are difficult to eliminate. Additionally, the
inevitable escape of chlorine to the atmosphere is
environmentally hazardous.

An alternative treatment process involves UV irradiation,
but this i1s limited to a relatively thin film liquid flow of no
more than a few centimetres and is, therefore, lessgs suitable for
bulk ligquid treatment.

A further alternative purification or decontamination
process 1nvolves dosing with ozone, but this is complex because
ozone 1s a highly unstable gas and cannot be stored. The ozone
has to be produced in a specially designed generator and then

immediately dissolved in the liquid to be treated.

It 1s an object of the present invention to provide for the
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production of a purified or decontaminated fluid in a single
simple aeration or sparging process wherein ozone and UV
radiation are generated and act synergistically within a liquid.

It i1s a further object of an aspect of this invention to
remove the necessity of barrier filters in air cleaning devices,

which act as collecting and breeding grounds for air borne

pathogens.

It 1s an object of a further aspect of this invention to
produce a biocidal liguid with a finiate activity duration that
becomes non-biocidal with time.

The present invention provides a method for producing a
purified or decontaminated fluid or a biocidal liquid with a
finite activity duration, the method comprising the steps of
aerating or sparging a liquid with a gas the sparging being such
as to provide a suspension of gaseous bubbles within the body of
the 1liquid, and subjecting the sparged liguid to a pulsed
electrical field having a magnitude sufficiently high to create
ionisation activity in the gas bubbles.

The resulting liquid may be utilised as a biocidal liquid,
or in other applications requiring purified, decontaminated, or
sterilised liquid. Alternatively, the method may be utilised
Lo treat gases that contaln microbial particles and cell matter,
for filtering air for high cleanliness areas, or to remove
biological material from air supplies such as in hospitals and
military installations, such gases being sparged into the liquid
of the method.

By virtue of the present invention ozone and UV radiation
are generated directly within the body of fluid under treatment

without the need for a separate ozone generator and subsequent

mixer to dissolve the ozone in the fluid. The fluid is treated
using a single process which combines the functions of ozone
generation and ozone dissolution. For decontamination purposes
the process exploits the synergism of the two sterilising agents

ozone and UV irradiation in removing pathogens from the fluid.
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If the pulses are sufficiently long electroporogis of remnant

pathogens in the liquid additionally occurs.

The electrical field may take the form of unidirectional

pulses of short duration, short pulses of alternating polarity

Oor a conventional sinusoid.

The aerating or sparging gas may be air and preferably is
ionised negatively before injection into the liquid. Preferably
the gas will be carbon dioxide (CO,), Nitrogen (N,), Oxygen (O,)
or Alr. CO,is useful as it is mildly acidic and biocidal, whereas
N, is useful because it produces a very high UV content, whilst
Oxygen 1s desirable for producing ozone, and Air is useful
because 1t 1is cheap and contains Oxygen to produce ozone. The
bubble diameter will be sufficiently large as to permit
lonisation activity in the gas within it. That is to say the
diameter will be greater than that corresponding to the Paschen
minimum for gas discharge in the particular gas. Typically for
oxygen the bubble diameter will be greater than 10um but will for
convenience preferably lie in the range 100um to 3000um. The
lonisation process produces a release of monoatomic oxygen plus
free radicals and other gaseous species and the ratio of gas-to-
ligquid flow preferably lies in the range 0.05 to 0.2 so that for
small bubbles of 100um diameter the bubble density would lie in
the range 100,000 per cc of liquid to 400,000 per cc of ligquid.
Such densities are difficult to achieve. However for bubbles of
500um diameter the densities lie in the range 800 per cc of
liquid to 3000 per cc of liquid and such densities are quite
readily achieved. For large bubble diameters the correspoﬁding
density figures are:

1000um diameter : 100 to 400 per cc of liquid

2000um diameter : 12 to 48 per cc of liquid

3000um diameter : 4 to 14 per cc of liquid.

The pulses of electric field of unipolarity or alternating
polarity will each have a duration sufficiently long to create

lonisation activity within the gas bubbles with the associated
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generation of ozone but preferably not long enough to allow
significant conduction current to flow in the liquid. Typically
for water, the pulse duration will preferably lie in the range
of a few nanoseconds (say 1 to 1l0ns) up to about 500ns but this
range will be different for different liquids. For the case
of conventional sinusoidally alternating field, the frequency of
the sinusoid will be governed by the same criteria as for the

pulsed fileld. Typically for water the frequency will be
preferably in the range 2.5MHz to 250 MHz.

The delivered dose of ozone to the fluid to be treated is
preferably in the range 2 to 24 mg per litre, although for most
purposes a dose in the range 4 to 10 mg per litre will be
sufficient. Such doses can be achieved by varying the frequency
of pulsing the electric field and/or by recirculating and re-
aerating the fluid under treatment, the optimal dose being a
matter of trial and experiment for any particular bubble diameter
and bubble density depending upon the size of the exposure
chamber and the applied voltage.

The half-life of dissolved Ozone is strongly dependent upon
temperature but 1s typilcally around 30-60 minutes at room
temperature. It 1s envisaged that the biocidal wash will be
applied at room temperature and under such conditions, in the
absence of contact with any oxidising material, the biocidal wash
will remain active £for approximately 2-3 times the half-life,
namely 1-2 hours. Of course, the biocidal wash may be applied
at other temperatures, typically within the range 10 to 50°C,
depending upon the requirements of the item to be washed.

Typically with oxygen as the aerating gas, an electric
field preferably in excess of 25kV/cm will be applied to the gas.

The present invention also provides apparatus for producing

- purified or decontaminated fluid or a biocidal liguid, the

apparatus comprising a means for delivering a flow of liquid to
a mixer device, a means of delivering a flow of gas to the mixer

device, the mixer device being arranged to aerate or sparge the
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liquid with the gas such as to provide a suspension of gas

bubbles within the body of the liquid, an exposure chamber for

recelving the aerated or sparged liquid and arranged to subject
the ligquid to a pulsed electric field having a magnitude
sufficiently high to create ionisation activity in the gas

bubbles, and means for receiving treated liquid from the exposure

chamber.

Preferably the apparatus also includes means for pre-
ionising the flow of gas to the mixer device, conveniently to
produce a negatively lonised gas.

It will be seen that the invention embodies a system which
1s robust, employs no fragile dielectric barriers and thus
obviates all the attendant mechanical failure problems and
maintenance requirements associated with dielectric barriers.

The apparatus may further comprise means for enabling the
liquid under treatment to be pressurised up to a range in the
order of 10-15 atmospheres, although it would be normal to
operate such apparatus at about 1 atmosphere. The increase in
ligquid pressure facilitates an increase in the amount of gas
capture possible within the body of the ligquid, thus increasing
the biocidal potential of the liquid.

It may also be desirable to vary the pressure on the body
of liquid over a period of time which may be cyclic in nature,
that 1is to say to pressurise and then de-pressurise the liquid.
Likewise it may be desirable to wvary the intensity of the
electric field on the body of liquid during any part of the
aforementioned pressure cycle.

Embodiments of the present invention will now be described
by way of example with reference to the accompanying drawings in
which:

Fig 1 illustrates apparatus in accordance with the present
invention for producing purified or decontaminated fluid or a
biocidal ligquid;

Fig 2 illustrates a modified form of the Fig 1 apparatus
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incorporating re-circulation of the ligquid under treatment;

Fig 3 illustrates operation of a detail of the Figs 1 and

2 apparatus; and

Fig 4 1llustrates three different configurations for the

exposure chamber used in Figs 1 and 2.

As i1s shown in Fig 1 apparatus 10 for producing purified or
decontaminated liquid or a biocidal liquid comprises a pump 11
for delivering a flow of liquid to be acted upon to a mixer
device 12 which also receives a flow of gas from a source 13. The
mixer 12 aerates or sparges the liquid with bubbles of gas which
are preferably distributed throughout the liguid, and delivers
it to an exposure chamber 14 where the aerated or sparged liquid
is subjected to either a sequence of wvery short high-voltage
electrical pulses of unipolarity or alternating polarity or a
sinusoidal ac high frequency voltage delivered by a source 9. One
suitable form of mixer 12 is a statiflow mixer which provides
controllable bubble size and density.

Alternatively the mixer 12 and exposure chamber 14 may be
comblned as in Fig 2 (12/14) such that the exposure to the high
voltage application takes place within the mixing device.

The interior of chamber 14 is schematically shown in Fig 3
from which it will be seen that the chamber 14 is provided with
electrodes 18A, 18B between which the aerated liquid 17 is caused
to flow. The aeration is such as to produce a widely dispersed

suspension of gas bubbles 17A greater than 10um in diameter and

most preferably in the range 100um to 1000um in diameter. When
high voltage electrical pulses of very short duration are applied
across the electrodes 18A, 18B (and provided the pulse duration
1s sufficiently short) the liquid acts uniquely as a dielectric
having high permitivity so that a relatively high electrical
field is applied to the gas within the bubbles 17A. Electrical

discharges and breakdown, therefore, take place in the gas

bubbles 17A with the associated generation of ozone and emission

of UV irradiation. After breakdown of the gas within the bubbles
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17A the high voltage of the supply .is effectively impressed
across the 1ligquid functioning as a relatively non-conductive
dielectric to thereby produce electroporogis of remnant pathogens
in the liquid if the pulse is sufficiently long. Typically for
water, since the permitivity of water is a factor of 80 greater
than the permitivity of gas, the electric field across the gas
bubble 17A is about 80 times the field in the liguid 17 prior to
ionisation of the bubbles 17A. The production of ozone and UV
within the bubbles 17A results in purification of the associated
fluid and Dbecause it takeg place 1in a distributed £fashion
throughout the body of the liquid 17 highly efficient
purification results.

With further reference to Fig 1 the treated fluid emerging
from the exposure chamber 14 1is preferably delivered to a
separator unit 15 where at least the majority of the remmnant
aeration 1s extracted and pumped via passageway 15A (which |
incorporates a check-valve) to the input gas source 13 for
recycling. The purified biocidal liquid is then delivered from

the unit 15 through a filter 15B (which may embody a catalytic
destructor) to output 15C.

The input gas source 13 preferably incorporates a pre-
ioniser 16 preferably operated with a negative HV electrical
supply to cause the gas within the bubbles 17A initially to be
negatively charged, which leads to a rapid ionisation of the gas
within the bubbles when the high frequency or short duration
pulsed voltage 1s applied to the chamber 14, the ionisation
process producing a release of monoatomic oxygen plus free
radicals and other gaseous species within the liquid.

The electrodes 18A, 18B in the chamber 14 may be of
rectangular or concentric geometry and may also take the form of
multiple-plates of alternating positive and negative polarity
three different configurations of which are shown in Fig 4. The
electrodes, regardless of their geometry, may either be in

contact with the liquid to be treated or isolated from it by a
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layer of dielectric material preferably having a dielectric

permitivity which is high in comparison with the dielectric
permitivity of the liquid to be treated, and preferably having
a conductivity which is low in comparison with the conductivity
of the liquid to be treated. A dielectric material such as barium
titanate is preferable. Ceramic dielectric materials may also be

used particularly where the liquid under treatment might attack
and damage the metal electrodes.

The voltage applied to the electrodes is such as to create
an electrical field in the gas within the bubbles of preferably
greater than 25kV/cm. The electrical pulses must have a duration
sufficiently long to create ionisation within the bubbles but not
necessarily long enough to cause significant conduction current
in the liquid. Typically for water the pulses have a duration in
the range from a few nanoseconds up to 500ns for which the water
functions principally as a dielectric. If the voltage pulse has
a duration significantly greater than 500ns then the water acts
as partly dielectric partly conductive and, accordingly, an
unacceptably high conductive current flows in the liquid to be
treated. Such a coﬁductive current results in unwanted energy
dissipation in the liguid to be treated and, as such, represents
a reduced efficiency. Where the liquid is water pulse durations
around 50, 60, 70, 80, 90 or 100ns are preferred.

Fig 2 illustrates a modified form of the Fig 1 apparatus
wherein common components have like numerals. In Fig 2 the mixer
and exposure chamber 12/14 are combined as previously mentioned
but additionally provision is made for the re-circulation of
ligquid wunder treatment. This is achieved by passageway 20
connected at either end via valves 21A, 21B and containing a pump
22 and a check valve 23. Valve 2124 located at the output of the
unit 12/14 is operable to direct the output of unit 12/14 to the
separator 15 as in Fig 1 or to the passageway 20 for re-
circulation. Valve 21B located at the liquid inlet of unit 12/14

is operable to deliver ligquid to unit 12/14 as in Fig 1 or from
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passageway 20. Valves 21A, 21B may be ganged and preferably are
two-position valves.

The biocidal liquid produced has a finite useable activity
duration which can be determined from the half-life of dissolved
Ozone. One factor upon which the half-life is dependant upon
is temperature, however, the half-life of the Ozone is typically
around 30-60 minutes at room temperature, at which temperature
the biocidal liquid will remain active for approximately 2-3
times the half-1life of the Ozone, namely 1-3 hours, if the liquid
does not come into contact with any oxidising material.

Tables 1A and 1B show how a biocidal liguid becomes ﬁon-
biocidal with time. In Table 1A the biocidal liguid was"
obtained using C0, gas to aereate 500ml solution of Peptone
dissolved in water,. using the process described herein above for
a duration of 50 seconds. Bacillus cereus KD1 was then added
to samples of the biocidal liguid, at the times shown after
treatment. Population samples were taken and the cell count
(CFﬁ’s)' of each sample affer incubation are recorded in Table 1A.

These results show how the treated Peptone solution becomes
non-biocidal with time, as during the first two hours the
solution can eliminate 99% of the Bacillus cereus KD1l, whereas
after 3 hours the solution eliminates less than 10% of the
Bacillus cereus KD1.

In Table 1B the biocidal liquid was obtained using oxygen
and water. The bacterium Campylobacter jejuni was added at
different times after biocidal 1liquid generation and the
resulting bacterial inactivation measured as before.

The biocidal liquid may be applied to surface or articles,
which are to be treated in a number of ways. The biocidal
ligquid may be poured onto the surfaces, articles may be dipped
in the biocidal liguid, or the biocidal ligquid may be used in a
wash-down process used to clean apparatus. The biocidal ligquid

may be applied at temperatures other than room temperature in
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order to benefit from synergistic thermal effects or enhanced

ozone solubility.

Once the biocidal liquid is applied it will immediately,
upon contact with any oxidisable material, react thereby
J inactivating microorganisms. Table 2 provides results showing

the effective reduction of certain organisms with biocidal liquid

aerated with different gases.

It will be appreciated from the foregoing that if the
liquid 1is immune to the effects of ozone then the remnant
10 aeration which is extracted from the separator unit 15 will be
ozone-rich and the system accordingly functions as an ozone
generator (without use of a dielectric barrier). The present
invention is therefore also directed to such a system functioning
as an ozone generator, the gaseous output from which may be used

15 in any conventional manner.
Furthermore this method can be utilised for the treatment
of contaminated gases, where a contaminated gas is used to aerate
a liquid medium and the ionisation activity within the gas
bubbles eliminates any biological activity within the gas. Such
20 a method may be utilised to clean or scrub dirty gases that may
be produced as a bi-product of a process or production plant,
such as 1ncinerators and the like, where the gases may contain
toxic or polluting agents. These toxic/pollutant components can
be neutralised from the gas stream by this method, thus allowing

25 the release of a cleaned or scrubbed air stream into the

atmosphere.
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Table 1A
Time after Treatment % Reduction
Untreated
S ~ 5 mins
1 hr
2 hr
3 hr
4 hr
10
Table 1B
15 Time after Treatment % Reduction
Untreated N/A
1 min > 99.9999
10 mins > 99.9999
25 mins > 99.999
20 60 mins > 99.9
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Table 2

iocidal Activity In Treated Licuids

ORGANISM

Bacillus
cereus KD1

Bacillus
cereus K1

Bacillus
cereus KDL

Escherichia
coli

Escherichia
coli

Egscherichia
coli

Campylobacter | 2

jejuni

LIQUID m UNTREATED | TREATED % RED’N

99.14
99.08
99.58
>99.7
>97.9

>99.9

>99.9999

where liquid 1 is a solution of Peptone in water, and
liquid 2 is distilled water.
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CLAIMS

l. A merhod for producling a purified or decontaminated fiuid or
a biocidal 1liguid with a finite activity duration, the method
comprising the steps of aerating or sparging a liquid (17) with a
gas, the sparging being such as rto provide a suspension‘ of

gasecous Eubbles (17A) within <the body of the ligquid, anda
subjecting the sparged liguid to a pulsed electrical rfield having

e magnitude sufficliently high to create jionisation achivity in
the gas bubbles (17A), wherein the pulses of the electrical field
are sufficiently short to enable czone and UV radiation to be
generated directly within the body ©f fluid under treatment, and
wherein the pulses of the alectricel field are sufficiently long

to cause electrcporosis of remnant pathogena in the liguid
without significant conduction current to flow in the liquid.

2. The wmethod a3 cleoamed in claim 1, wherein the electrical
field is in the form of unidizxectional pulses of short durxation,

short pulses of alternating polarity, or a conventional sinusoid.

3. The method as claimed in either of the preceding claims,

wnerein the aerating or sparging gas is carbon dioxide (CO3),

- Nicrogen (N;), Oxygen (0;) or Air,

4 . The method as c¢laimed in any one ¢f the preceding claims,
wherein the serating ox asparging gas i3 ionised before injection

into the liqguid,

3. The method as clalmed in claim 4, wherein the gas 1is
negatively ionlsed.

AMENDED SHEET
EmpfanSSL\ll‘ T Wiy . " VL
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5. The method as claimed in any one of the preceding claims,
wherein the ijionisation activity in the gas bubbles produces a

relaase of monoatomic oxygen plus free radlicals and other gaszecus

speclies.

The method as claimed in any one of the preceding claims,

7.
ratio of gas—-to=liquid [flow rate Through the

wherein tuthe
electrical field lies in the range 0.05 to 0.2.

The method as claimed in any one cf the preceding claims,
ioenisation activity in the gas bubbles delivers a

8.

wherein the
dose of czone to the fluid under tycatment in the renge 2 to 24

mg per litre.

Q. The method as claimed in claim 8, wherein variation Oof the

delivered dose is achieved by varying the frequency of pulsing
the electric field and/or by xecirculating and re-aerating the

rluld.

10. T"he method as claimed in any preceding claim, wherein the

sparged liquid is additionally subjected to pressurisation.

11. The method &3 claimed in claim 10, vwherein the

pressurisazion 13 cyclicél and the electrical field 4is wvaried

during the pressurisation cycle,

12. A Dpiocidal liquid when produced by thée method of any’

preceding claim.

13. Use of the method as claimed in any one of claims 1-11 to

treat gases that contain microbial particles and cell matter, for

filtering a2ir for high cleanliness areas, or to remove bioclogical

material from air supplies.

AMENDED SHEET
FmefanBorvis coirvnne 1e-we
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14. Apparatus for producing purified or decontaminated fluid or
a biocidal 1ligquid, the apparatus comnprising a means (1ll) Tor
delivering a flow of liquid ¢to ‘a mixer device, a means oI
delivering a flow of gas to the mixer dsvice (12), the mixer
device (l2) being arranged to aerate or 3pérgc the ligquid with
the gas auch &8s t¢ provide a suspension of gas bubbles within the

pbody of the liquid, an exposure chamber (14) Tfor receiving Tthe
aerarted or sparged liguid (17) and arrxangad TO subject the liquid
to a pulsed electric field having a magnitude sufficiently high

¢ coreate ionisation activity in the gas bubbles, wherein the

pulses of the electrical field are suificiently short to enable
czone and LDV radiaticen to be generated dircctly within the body
of fluid undar treatment, &and wherein the pulses of the
clectrical field are sufficiently long wo cause eleccroporoais‘or
remnant pathogens in. the liguld without Significant conduction

current to flow in the liquid, and means (15) for recsiving
treated ligquid from the exposure chamber (14).

15 Apparatus as claimed in claim 16, in¢luding means for

ionieing the flow of sparging gas to the mixer device.

16. Apparatus as claimed in claim 16 or claim 17, further
comprising means for enabling the liquid  under treatment to be
pressurised up to & vange in the order of 10-15 atmospheres.

17. Apparatus as claimed in claim 18, wherein the pressure
exhibited is cyclic in nature. '

18. Apparatus as claimed in claim 18, wherein the electric field
is wvaried duxring the pressure cycle.
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