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A METHOD OF REDUCING FOAM AND RELATED SYSTEMS

TECHNICAL FIELD

The present disclosure relates broadly to a method of reducing foam
from a foam-containing liquid and related systems.

BACKGROUND

Foam formation is a common problem faced by industries dealing with
beverages (particularly soft drink), milk and fruits. The problem presents itself
at various stages of production, such as during dispensing and bottling. For
instance, during bottling, liquid is dispensed rapidly into bottles or cartons on
a conveyer belt, causing the formation of a huge amount of foam over the
liquid surface. This not only results in overflow and wastage, it also hinders
the proper sealing of cartons with adhesives.

Typically, at the production stage, the mixing of starch/gum powder and
acid solution in concentrate plants creates a thick foam over the mixture. The
mixture has to be completely defoamed before further processing can be
carried out. However, due to the starchy nature of the foam contributing to
high viscosity, it takes a long time (up to 12 hours) for the mixture to
completely defoam by natural deaeration. This decreases productivity and

erodes revenue for a company.

In view of the above, there is thus a need to provide a method and a
system that address or at least ameliorate one or more of the above
problems.
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SUMMARY

In one aspect, there is provided a method of reducing foam from a
foam-containing liquid, the method comprising: subjecting foam to a plurality
of pressure cycles, each pressure cycle comprising a first pressure for
enlarging the size of the bubbles in the foam and a second pressure higher
than the first pressure for reducing the number of bubbles in the foam; and
applying radiation to said foam to destabilize said foam.

In one embodiment, the radiation comprises infra-red radiation.

In one embodiment, the first pressure is from 0.3 atm to 1 atm and the

second pressure is from 0.8 atm to 1.2 atm.

In one embodiment, the first pressure is kept constant for a period of
time until there is substantially no further enlargement of the bubbles in the

foam.

In one embodiment, the second pressure is kept constant for a period
of time until there is substantially no further reduction in the number of

bubbles in the foam.

In one embodiment, the subjecting step and the applying step are

performed simultaneously.

In one embodiment, the first pressure is created by vacuum pumping

and the second pressure is created by venting.

In one embodiment, the method is carried out under constant total

volume.
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In one embodiment, prior to the subjecting and applying steps, the ratio
of the volume of space external to the foam to the volume of the foam in the

fotal volume is at least 1.

In one embodiment, the method is substantially devoid of the use of a
defoaming agent.

In one aspect, there is provded a system for reducing foam from a
foam-containing liquid, the system comprising: a chamber for containing the
foam-containing liquid; one or more pressure-regulating members in fluid
communication with said chamber, the one or more pressure-regulating
members adapted to introduce a first pressure within said chamber for
enlarging the size of the bubbles in the foam and a second pressure within
said chamber that is higher than the first pressure for reducing the number of
bubbles in the foam; and a radiation source arranged to irradiate the foam
contained within the chamber to destabilize said foam.

In one embodiment, the one or more pressure-regulating members
comprises a first pressure-regulating member adapted to introduce the first
pressure and a second pressure-regulating member adapted to introduce the

second pressure.

In one embodiment, the first pressure-regulating member comprises a

vacuum pump for actively causing air to flow from said chamber.

In one embodiment, the second pressure-regulating member

comprises a ventilator for passively allowing air to flow into said chamber.

In one embodiment, the radiation source comprises an infra-red

radiation source.
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In one embodiment, the chamber is a substantially air tight chamber
when the first pressure is applied to the chamber.

In one embodiment, the chamber comprises at least a portion that
allows radiation energy to be transmitted from the radiation source to the
foam, optionally wherein the portion is a substantially transparent portion.

In one embodiment, the system further comprises a controller for
implementing a plurality of pressure cycles within the chamber through the
operation of the one or more pressure-regulating members, wherein each
pressure cycle comprises a first pressure for enlarging the size of the bubbles
in the foam and a second pressure higher than the first pressure for reducing
the number of bubbles in the foam.

In one embodiment, the radiation source is disposed external to the
chamber.

In one embodiment, the system further comprises a plurality of fins
disposed within said chamber.

DEFINITIONS

The terms "coupled" or "connected" as used in this description are
intended to cover both directly connected or connected through one or more

intermediate means, unless otherwise stated.

The term "associated with", used herein when referring to two elements
refers to a broad relationship between the two elements. The relationship
includes, but is not limited to a physical, a chemical or a biological relationship.
For example, when element A is associated with element B, elements A and B
may be directly or indirectly attached to each other or element A may contain

element B or vice versa.
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The term "adjacent" used herein when referring to two elements refers to
one element being in close proximity to another element and may be but is not
limited to the elements contacting each other or may further include the elements
being separated by one or more further elements disposed therebetween.

The term "and/or", e.g., "X and/or Y" is understood to mean either "X and
Y" or "X or Y" and should be taken to provide explicit support for both meanings

or for either meaning.

Further, in the description herein, the word “substantially” whenever used
is understood to include, but not restricted to, "entirely" or “completely” and the
like. In addition, terms such as "comprising", "comprise", and the like whenever
used, are intended to be non-restricting descriptive language in that they broadly
include elements/components recited after such terms, in addition to other
components not explicitly recited. For example, when “comprising” is used,
reference to a “one” feature is also intended to be a reference to “at least one” of
that feature. Terms such as “consisting”, “consist’”, and the like, may in the
appropriate context, be considered as a subset of terms such as "comprising",
"comprise", and the like. Therefore, in embodiments disclosed herein using the
terms such as "comprising”, "comprise", and the like, it will be appreciated that
these embodiments provide teaching for corresponding embodiments using
terms such as “consisting”, “consist’, and the like. Further, terms such as "about",
"approximately” and the like whenever used, typically means a reasonable
variation, for example a variation of +/- 5% of the disclosed value, or a variance
of 4% of the disclosed value, or a variance of 3% of the disclosed value, a

variance of 2% of the disclosed value or a variance of 1% of the disclosed value.

Furthermore, in the description herein, certain values may be disclosed in
a range. The values showing the end points of a range are intended to illustrate
a preferred range. Whenever a range has been described, it is intended that the

range covers and teaches all possible sub-ranges as well as individual numerical
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values within that range. That is, the end points of a range should not be
interpreted as inflexible limitations. For example, a description of a range of 1%
to 5% is intended to have specifically disclosed sub-ranges 1% to 2%, 1% to 3%,
1% to 4%, 2% to 3% etc., as well as individually, values within that range such
as 1%, 2%, 3%, 4% and 5%. The intention of the above specific disclosure is
applicable to any depth/breadth of a range.

Additionally, when describing some embodiments, the disclosure may
have disclosed a method and/or process as a particular sequence of steps.
However, unless otherwise required, it will be appreciated that the method or
process should not be limited to the particular sequence of steps disclosed. Other
sequences of steps may be possible. The particular order of the steps disclosed
herein should not be construed as undue limitations. Unless otherwise required,
a method and/or process disclosed herein should not be limited to the steps being
carried out in the order written. The sequence of steps may be varied and still
remain within the scope of the disclosure.

Furthermore, it will be appreciated that while the present disclosure
provides embodiments having one or more of the features/characteristics
discussed herein, one or more of these features/characteristics may also be
disclaimed in other alternative embodiments and the present disclosure provides
support for such disclaimers and these associated alternative embodiments.

DESCRIPTION OF EMBODIMENTS

Non-limiting embodiments of a method of reducing foam from a foam-

containing liquid and related systems are disclosed hereinafter.

In various embodiments, there is provided a method of reducing foam from
a foam-containing liquid, the method comprising: subjecting foam to a plurality of
pressure cycles, each pressure cycle comprising a first pressure for enlarging the

size of the bubbles in the foam and a second pressure higher than the first
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pressure for reducing the number of bubbles in the foam; and applying radiation

to said foam to destabilize said foam.

In various embodiments, the method comprises pulsing or alternating
between the first and second pressures. The steps of pulsing, alternating or
conducting the pressure cycles may be automated. In various embodiments, the

entire method is automated.

In various embodiments, the first pressure is from about 0 atm/bar to
about 1 atm/bar, from about 0.3 atm/bar to about 1 atm/bar, from about 0.3
atm/bar to about 0.8 atm/bar or from about 0.3 atm/bar to about 0.5 atm/bar.
In various embodiments, the first pressure is about 0 atm/bar, about 0.1
atm/bar, about 0.2 atm/bar, about 0.3 atm/bar, about 0.4 atm/bar, about 0.5
atm/bar, about 0.6 atm/bar, about 0.7 atm/bar, about 0.8 atm/bar, about 0.9
atm/bar or about 1 atm/bar. In some embodiments, the first pressure
comprises a sub-atmospheric pressure. In some embodiments, the first
pressure is below 0.5 atm or 0.5 bar. In some embodiments, the first pressure
comprises a negative pressure. In some embodiments, the first pressure

comprises a vacuum pressure.

In one embodiment, the first pressure is created by vacuum pumping.

In various embodiments, the second pressure is from about 0.5 atm/bar
to about 1.5 atm/bar, from about 0.7 atm/bar to about 1.3 atm/bar, from about
0.8 atm/bar to about 1.2 atm/bar or from about 0.9 atm/bar to about 1.1
atm/bar. In various embodiments, the second pressure is about 0.5 atm/bar,
about 0.6 atm/bar, about 0.7 atm/bar, about 0.8 atm/bar, about 0.9 atm/bar,
about 1 atm/bar, about 1.1 atm/bar, about 1.2 atm/bar, about 1.3 atm/bar,
about 1.4 atm/bar or about 1.5 atm/bar. As the second pressure is higher than
the first pressure, a pressure/compressive force may be created that aids in

the bursting of bubbles of the foam.
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In one embodiment, the second pressure is created by venting, for
example by allowing atmospheric air to enter the enclosure holding the foam.
Advantageously, in various embodiments, the introduction/application of the
second pressure is relatively energy efficient or energy-saving as it does not
require the separate use of a pump or other energy-consuming elements.

In one embodiment, each of first and second pressures are independently
part of a pressure ramp. In other words, the first pressure and/or the second
pressure may be individual/single pressure points of a broader continuous
pressure (increasing or decreasing) gradient or a changing pressure pattern. In
one embodiment, each of the first and second pressures are independently kept
constant for a period of time. For example, the first pressure may be kept constant
for a period of time sufficient to enlarge the size of the bubbles in the foam or until
there is substantially no further enlargement of the bubbles in the foam and
the second pressure may be kept constant for a period of time sufficient to reduce
the number of bubbles in the foam or until there is substantially no further

reduction in the number of bubbles in the foam.

In various embodiments, the pressure cycle further comprises a third
pressure, wherein the first pressure is about 0.5 atm, the second pressure is in
the range of from 0.5 atm to 1 atm and the third pressure is about 1 atm. In various
embodiments, the first pressure is kept constant for a period of time sufficient to
enlarge the size of the bubbles in the foam or until there is substantially no
further enlargement of the bubbles in the foam, the second pressure is part of
a pressure ramp that leads from the first pressure to the third pressure, and the
third pressure is kept constant for a period of time sufficient to reduce the number
of bubbles in the foam or until there is substantially no further enlargement of

the bubbles in the foam.

In various embodiments, the duration of each pressure cycle is from about
1 minute to about 10 minutes or from about 1 minute to about 3 minutes. In

various embodiments, the duration of each pressure cycle is about 0.5 minute,
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about 1 minute, about 2 minutes, about 3 minutes, about 4 minutes, about 5
minutes, about 6 minutes, about 7 minutes, about 8 minutes, about 9 minutes or
about 10 minutes. In various embodiments, the pressure cycle is repeated every
about 0.5 minute to about 10 minutes or every about 1 minute to about 3 minutes.
In various embodiments, the pressure cycle is repeated about every 0.5 minute,
about every 1 minute, about every 2 minutes, about every 3 minutes, about every
4 minutes, about every 5 minutes, about every 6 minutes, about every 7 minutes,
about every 8 minutes, about every 9 minutes or about every 10 minutes. In
various embodiments, the pressure cycle is repeated one or more times until the
foam-containing liquid is completely or substantially defoamed. In various
embodiments, the foam is subjected to at least about 10 pressure cycles, at least
about 15 pressure cycles, at least about 20 pressure cycles, at least about 25
pressure cycles, at least about 30 pressure cycles, at least about 35 pressure
cycles, at least about 40 pressure cycles, at least about 45 pressure cycles, at
least about 50 pressure cycles, at least about 55 pressure cycles, at least about
60 pressure cycles, at least about 65 pressure cycles, at least about 70 pressure
cycles, at least about 75 pressure cycles, at least about 80 pressure cycles, at
least about 85 pressure cycles, at least about 90 pressure cycles, at least about
95 pressure cycles or at least about 100 pressure cycles. In various
embodiments, the method further comprises the step of monitoring the pressure
of the foam-containing liquid or the pressure of the environment containing the

foam-containing liquid.

The radiation source may be one that emits radiation of wavelengths in the
electromagnetic spectrum. In some embodiments, the radiation source
comprises an optical means. In various embodiments, the raditation source is
one that is capable of imparting heat to the foam and therefore, the method may
comprise the step of heating the foam. For example, infra-red radiation can cause
foam temperature to increase to about 60°C after about 2 hours of continuous
heating. To minimize any heating effect on the foam by the radiation source,
water may be added/sprayed occasionally over the foam to cool down/reduce the

temperature of the foam and/or to prevent crystallization of any sugars in the foam
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mixture. In various embodiments, the method further comprises the step of
monitoring the temperature of the foam and/or the foam-containing liquid. In
various embodiments, the radiation comprises infra-red radiation. In various
embodiments, the radiation source comprises one or more infra-red lamps. In
some embodiments, the one or more infra-red lamps operate at a power, e.g. an
electrical power, of from about 100W to about 200W, or at a power of about
100W, about 110W, about 120W, about 130W, about 140W, about 150W, about
160W, about 170W, about 180W, about 190W or about 200W. In various
embodiments, the optical power of the radiation source is in the range of a few
watts, for example, from about 1W to about 10W. The optical power of the
radiation source may be about 1W, about 2W, about 3W, about 4W, about 5W,
about 6W, about 7W, about 8W, about 9W or about 10W.

In various embodiments, the radiation source is no less than about 10 cm,
no less than about 20 cm, no less than about 30 cm, no less than about 40 cm,
no less than about 50 cm or no less than about 60 cm from a base surface of the
foam-containing liquid or from a base of a chamber/beaker/vessel containing the
foam-containing liquid. In some embodiments, the radiation source is no less than
about 10 cm, no less than about 20 cm, no less than about 30 cm, no less than
about 40 cm, no less than about 50 cm or no less than about 60 cm from a top
surface of the foam-containing Iliquid from a top opening of a
chamber/beaker/vessel containing the foam-containing liquid. In one
embodiment, the radiation source e.g. an infra-red lamp is kept fixed at about 30
cm from the base of a chamber/beaker/vessel containing the foam-containing
liquid.

In various embodiments, the subjecting step and the applying step are
performed simultaneously. Advantageously, this enhances the defoaming
rate. In other embodiments, the subjecting step and the applying step are
performed not simultaneously, for example, sequential, in succession or
following a predetermined pattern. This may aid in reducing energy

consumption as the radiation source does not need to be continuously turned
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on. In various embodiments, radiation is applied during a low pressure cycle
(e.g at a first pressure for enlarging the size of bubbles in the foam) to further
increase the rate of defoaming. In various embodiments, radiation is not
applied during a high pressure cycle (e.g. at a second pressure for reducing
the number of bubbles in the foam). In various embodiments, the radiation
source or intermittent heating from the radiation source is applied in
synchronization to the lower pressure cycle/stage. In other words, the
radiation may be applied during the phase (or at the initiation of the phase)
where the first pressure is applied or where the pressure is dropped to reach
the first pressure; and the radiation may be stopped/halted during the phase
(or at the initiation of the phase) where the second pressure is applied or
where the pressure is raised (e.g through venting) to reach the second
pressure. Advantageously, this maximises the defoaming effect without
causing significant heating of the foam and/or crystallization of the foam

mixture.

In various embodiments, the method is carried out under constant total
volume. For example, the method may be carried out in a chamber having a
fixed volume that does not substantially change throughout the defoaming
process. Accordingly, in various embodiments, the pressures applied to the
chamber or foam are not a result of changing the volume of the chamber.

In some embodiments, the ratio of the volume of space external to the
foam to the volume of the foam in the total volume is at least about 0.5, at
least about 1, at least about 1.5, at least about 2, at least about 3, at least
about 5, at least about 10, at least about 15 or at least about 20 prior to the
subjecting and applying steps. In some embodiments, the volume of space
above foam is similar to or larger than the volume of the foam.
Advantageously, it has been found that when the volume of the space
external to the foam is sufficiently large to allow rapid and non-restrictive
bubble expansion, the rate of defoaming may be raised effectively. Further,

as defoaming proceeds i.e. as the volume of the foam decreases, the ratio of
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the volume of space external to the foam to the volume of the foam may
increase. Accordingly, a defoaming efficiency of embodiments of the method
may increase as defoaming progresses. In one embodiment, the ratio of the
volume of space external to the foam to the volume of the foam in the total
volume is about 1 (or 1:1) prior to the subjecting and applying steps. As
defoaming progresses, the ratio is slowly increased to about 2 (or 2:1).

In various embodiments, the method has a defoaming rate that is at least
about 2 times, at least about 3 times, at least about 4 times, at least about 5
times, at least about 6 times or at least about 7 times faster than defoaming by
standing the foam at atmospheric pressure. In various embodiments, the method
has a defoaming rate that is at least about 2 times, at least about 3 times or at

least about 4 times than defoaming by applying only vacuum to the foam.

In various embodiments, the method is substantially devoid of the use
of a defoaming agent. In some embodiments, the method is substantially
chemical-free and/or contact-free. In embodiments where the method is
substantially contact-free, the method may be substantially free from moving
physical/mechanical parts that are used to directly contact the bubbles in
order to burst them (e.g. a beater). Accordingly, embodiments of the method
may be safely used to defoam liquid products for consumption or other food-
grade product/material.

In various embodiments, the method is substantially devoid of the use
of gas spray, steam spray, sound wave, ultrasonic means or acoustic means

to defoam a foam-containing liquid.

In various embodiments, the method is compatible for implementation in a
a variety of reactor systems including an open reactor system, a closed reactor
system, a continuous flow reactor system and a discontinuous flow reactor
system. In various embodiments, the method is carried out in a mixing chamber

of a reactor system. The mixing chamber may be the chamber where the
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production of foam directly occurs, and the defoaming method may be applied in
situ (i.e. in the same chamber) without the need for transference of the foam into
a separate chamber. Accordingly, the mixing and defoaming may be carried out

in a single chamber.

In various embodiments, the foam-containing liquid is an effervescent
liquid. In various embodiments, the foam-containing liquid has a viscosity that
is higher than water. For example, the viscosity of the foam-containing liquid
may be at least about 2 times, at least about 3 times, at least about 4 times,
at least about 5 times, at least about 6 times, at least about 7 times, at least
about 8 times, at least about 9 times, at least about 10 times, at least about

11 times or at least about 12 times the viscosity of water.

In various embodiments, there is provided a system for reducing foam
from a foam-containing liquid, the system comprising: a chamber for
containing the foam-containing liquid; one or more pressure-regulating
members in fluid communication with said chamber, the one or more
pressure-regulating members adapted to introduce a first pressure within said
chamber for enlarging the size of the bubbles in the foam and a second
pressure within said chamber that is higher than the first pressure for reducing
the number of bubbles in the foam; and a radiation source arranged to
irradiate the foam contained within the chamber to destabilize said foam.

In various embodiments, the one or more pressure-regulating
members comprises at least one member selected from the group consisting
of a pump, a valve, a ventilator, a vent, an opening and combinations thereof.
In various embodiments, the one or more pressure-regulating members
comprises a first pressure-regulating member adapted to introduce the first
pressure and a second pressure-regulating member adapted to introduce the
second pressure. In various embodiments, the first pressure-regulating
member comprises a vacuum pump for actively causing air to flow from said

chamber. In one embodiment, the first pressure-regulating member further
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comprises an opening and/or one or more valves. The vacuum pump may be
coupled to the chamber via the opening and/or one or more valves.

Advantageously, valves may facilitate the flow of air/gas in a single direction.

In various embodiments, the second pressure-regulating member
comprises a ventilator for passively allowing air to flow into said chamber. In
one embodiment, the ventilator comprises a vent. In other embodiments, the
second pressure-regulating member comprises a pump for increasing the
pressure within the chamber, for example, by applying positive pressure and
actively pumping air into said chamber. The pump may be coupled to
chamber via the vent, an opening and/or one or more valves. In one

embodiment, the first pressure-regulating member further comprises a valve.

In some embodiments, the one or more pressure-regulating members
are coupled to the same pump that is capable of applying both positive
pressure and negative pressure e.g. by alternating application of positive and
negative pressures optionally with the aid of valves. It will be appreciated that
other configurations of the one or more pressure-regulating members may be

adopted for the purposes of applying the pressure cycles to the chamber.

In some embodiments, the system further comprises one or more

sensors for sensing the pressure within the chamber.

In various embodiments, a pumping and venting process in the system
is automated to switch between low pressure and atmospheric/high pressure
mutiple times to defoam a foam-containing liquid. Accordingly, in various
embodiments, the system further comprises a controller for implementing a
plurality of pressure cycles within the chamber through the operation of the
one or more pressure-regulating members, wherein each pressure cycle
comprises a first pressure for enlarging the size of the bubbles in the foam
and a second pressure higher than the first pressure for reducing the number

of bubbles in the foam.
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In various embodiments, the chamber comprises a mixing chamber. In
some embodiments, the chamber is not a mixing chamber. In various
embodiments, the chamber is a substantially air tight chamber when the first
pressure is applied to the chamber, for e.g. through the operation of a first
pressure-regulating member. For example, when the first pressure is applied
to the chamber or when the first pressure-regulating member is in operation,
no air is allowed to passively enter or exit the chamber. In various
embodiments, the air tight chamber meets the industry standards for leakage

at a given pressure (positive or negative).

In various embodiments, the radiation source that is arranged to irradiate
the foam is external to chamber. Advantageously, in embodiments where the
radiation source is external to the chamber, any heating effect on the foam or any
potential contamination of foam by the radiation source is minimised. Further, the
radiation source is not subjected to the pressure changes within the chamber and
therefore the life of the radiation source can be prolonged. Furthermore, when
the radiation source is external to the chamber, a wider field of vision/radiation
may be achieved due to an increased distance between the radiation source and
the foam, thereby allowing a larger proportion of the foam to be irradiated. In other
embodiments, the radiation source is internal to the chamber.

In various embodiments, the chamber comprises at least a portion that
allows radiation energy to be transmitted from the radiation source to the
foam. In various embodiments, the portion that allows radiation energy to be
transmitted from the radiation source to the foam is a substantially
transparent portion. The transparent portion may be made of a substantially
transparent polymer, glass, polymethyl pentene (TPX),
polytetrafluoroethylene (PTFE), black acrylic, polycarbonate plexiglass and
the like. For example, the portion allows about 50% or more, about 60% or
more, about 70% or more, about 80% or more, about 90% or more or about

95% or more of the radiation energy from the radiation source to be
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transmitted to the foam. In some embodiments, where the radiation
comprises infra-red radiation/illumination, the portion allows about 50% or
more, about 60% or more, about 70% or more, about 80% or more, about
90% or more or about 95% or more of the incident infra-red light light normal
to a surface of the portion to be transmitted to the foam. In some
embodiments, the radiation source is arranged such that about 50% or more,
about 60% or more, about 70% or more, about 80% or more, about 90% or
more or about 95% or more radiation energy is transmitted to the foam. In
some embodiments, where the radiation source comprises infra-red radiation,
the radiation source is arranged such that the angle of incidence of the infra-
red light on a surface of the portion or on a surface plane of the foam-
containing liquid is substantially perpendicular.

In various embodiments, the system further comprises a thermometer
arranged to monitor a temperature of the foam-containing liquid or a

temperature within the chamber.

In various embodiments, the system further comprises a spray for
spraying water over the foam to cool down the foam. This may also help to
reduce the foam level. Other appropriate means to cool the foam may also
be used.

In various embodiments, the system further comprises a plurality of fins
disposed within said chamber. Advantageously, the fins can increase the
surface area of foam exposed to low pressure and increase bubble size.

In various embodiments, the system further comprises a drainage

system or outlet to drain liquid from the foam-containing liquid.

In various embodiments, there is provided a reactor system comprising:
a chamber for containing a foam-containing liquid; one or more pressure-

regulating members in fluid communication with said chamber, the one or more
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pressure-regulating members adapted to introduce a first pressure within said
chamber for enlarging the size of the bubbles in the foam and a second pressure
within said chamber that is higher than the first pressure for reducing the number
of bubbles in the foam; and a radiation source arranged to irradiate the foam
contained within the chamber to destabilize said foam.

It will be appreciated that, generally, the higher the viscosity of a foam-
containing liquid/foam, the harder it is to defoam the liquid. In various
embodiments, in order to maximize the defoaming efficiency, a larger number
of alternating pressure cycles and/or a higher intensity radiation (e.g. a higher
optical intensity of infra-red radiation) may be employed.

Ditferent approaches may also be used at various stages of the
defoaming process to increase the overall defoaming efficiency, depending
on the level of the foam. For instance, at an intial stage/phase of a defoaming
process, when the foam amount/level is high, a combination of low pressure
e.g. 0.5 atm and radiation may be used. When the foam height is sufficiently
reduced, e.g. from 100% to 20% of the original foam height, or when the
volume of space above the foam is increased, alternating pressure may be
introduced to remove the remaining foam. In various embodiments therefore,
there is provided a method of reducing foam from a foam-containing liquid,
the method comprising: subjecting foam to low pressure and radiation until
the foam amount is reduced by at least about 20%, about 30%, about 40%,
about 50%, about 60%, about 70% or about 80%; and subjecting the
remaining foam to a plurality of pressure cycles/ an alternating pressure cycle
and/or radiation until the foam is substantially removed. In various
embodiments, there is provided a method of reducing foam from a foam-
containing liquid, the method comprising: subjecting foam to low pressure and
radiation until the volume of space external to the foam to the volume of the
foam in the total volume is increased to at least about 0.5, at least about 1, at
least about 2, at least about 3, at least about 4 or at least about 5; and

subjecting the remaining foam to a plurality of pressure cycles/ an alternating
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pressure cycle and/or radiation until the foam is substantially removed. It will
be appreciated that, at an intial stage/phase of a defoaming process, the foam
level is high and there is not much room available for foam expansion in the
chamber containing the foam. Hence, the application of alternating pressure
may not be efficient at this stage. As the defoaming process progresses, the
foam amount is reduced and more space/room becomes available for
foam/bubbles expansion. Hence, the application of alternating pressure
becomes more efficient at this stage. Further, in various embodiments,
radiation is synchronized to the low pressure cycles. Advantageously, this
minimises any heating effect caused by optical irradiation which may lead to
the undesirable crystallization of sugars in the foam which hinders further
defoaming. Advantageously, embodiments of the method that utilises
different approaches at different phases/stages of the defoaming process
maximize the defoaming efficiency while minimizing the amount of

power/energy consumed.

For large area defoaming, a larger number of radiation source may be
employed. For example, multiple infra-red lamps may be shone at various
spots on a foam surface to increase the defoaming efficiency. The area of
irradiation also depends on the distance of foam-to-lamp and also size of the
lamp. To increase the area of irradiation therefore, the distance of foam-to-
lamp may be increased and larger lamps may be used. Rotating foam with a

rotating shaft (e.g. mixer) can produce uniform irradiation.

BRIEF DESCRIPTION OF FIGURES

FIG. 1 is a schematic diagram of a method of reducing foam from a foam-

containing liquid in an example embodiment.

FIG. 2 illustrates a defoaming mechanism/process when foam is being
subjected to a pressure cycle in an example embodiment.
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FIG. 3 is an example of a mucilage mixture being defoamed in
accordance with an example embodiment disclosed herein.

FIG. 4 is a graph showing the higher rate of defoaming achieved by a
method in accordance with an example embodiment as compared to

defoaming by natural deaeration.

FIG. 5 is a graph showing the effect of a chamber size on the

defoaming rate of an example embodiment of the method disclosed herein.

FIG. 6 is a graph comparing the defoaming efficiency of 4 different
defoaming methods in accordance with various embodiments disclosed

herein.

FIG. 7 depicts the mucilage mixture being defoamed by the alternating
pressure and optical method described in FIG. 6.

FIG. 8 is a schematic diagram of system setup for reducing foam from
a foam-containing liquid in accordance with an example embodiment

disclosed herein.

FIG. 9 depicts a system setup comprising a radiation source for
reducing foam from a foam-containing liquid in accordance with an example

embodiment disclosed herein.

FIG. 10A and FIG. 10B are examples of systems for reducing foam that
incorporate modifications to existing reactors in accordance with example

embodiments disclosed herein.

FIG. 11 shows a system in the form a modified reactor comprising a
chamber for defoaming coupled to a mixing chamber in accordance with an

example embodiment disclosed herein.
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FIG. 12 is an example of a system for reducing foam that incorporate
modifications including the addition of a radiation source to an existing reactor
in accordance with an example embodiment disclosed herein.

DETAILED DESCRIPTION OF FIGURES

Example embodiments of the disclosure will be better understood and
readily apparent to one of ordinary skill in the art from the following discussions
and if applicable, in conjunction with the figures. It should be appreciated that
other modifications related to structural, electrical and optical changes may be
made without deviating from the scope of the invention. Example embodiments
are not necessarily mutually exclusive as some may be combined with one or

more embodiments to form new example embodiments.

FIG. 1 is a schematic diagram of a method 100 of reducing foam from a
foam-containing liquid in an example embodiment. At step 102, foam is
subjected to a plurality of pressure cycles, wherein each pressure cycle
comprises a first pressure for enlarging the size of the bubbles in the foam
and a second pressure higher than the first pressure for reducing the number
of bubbles in the foam. At step 104, radiation is applied to the foam to
destabilize the foam. Steps 102 and 104 may be performed simultaneously
or separately i.e. step 102 followed by step 104, or step 104 followed by step

102. The method 100 may be carried out under constant total volume.

FIG. 2 illustrates a defoaming mechanism/process 200 when foam is
being subjected to a pressure cycle (e.g. a pressure cycle similar to the
pressure cycle described in step 102 of FIG. 1) in an example embodiment.
As shown in the figure, at stage 202, the initial level of the foam in a chamber
is at level L1 at atmospheric pressure or about 1 atm. At stage 204, when the
pressure within the chamber is reduced to about 0.5 atm, for example, by

vacuum pumping, the pressure difference between the internal and external
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environment of the bubble (attributed by the reduction in pressure outside the
foam) causes the bubble size of the foam to increase. This leads to an
increase in the foam volume. As the bubble size continues to increase with
the reduction in the pressure external to the bubble, the bigger bubbles near
the surface S of the chamber start to burst due to their thinner films. The
gaseous contents of the burst bubbles then escape to the region of low
pressure within the chamber to be sucked out, for example, by the vacuum
pump. At this stage, the pressure within the chamber may be kept constant
at 0.5 atm for a period of time until there is substantially no further
enlargement of the bubbles in the foam before compression is initiated. At
stage 206, when the pressure within the chamber is increased or returned to
atmospheric pressure, for example, by venting, the force that accompanies
the rise in pressure external to the bubbles causes the bigger bubbles near
the surface S to burst while other bubbles reduce in size. During this
compression process, the bubbles close to the side walls of the chamber also
experience shearing force, causing them to burst. Thus, when the pressure
within the chamber is returned to atmospheric pressure at stage 208, the
foam level is reduced to level L2 from the initial level L1. The pressure may be
kept constant for a period of time at stage 208 until there is substantially no
further reduction in the number of bubbles in the foam before a second
decompression is initiated (i.e. before stage 204 is repeated) to further reduce
the foam amount. In the defoaming mechanism/process 200, stages 204, 206
and 208 together form one pressure/pump-vent cycle. The pressure/pump-
vent cycle may be repeated one or more times. With each pressure/pump-
vent cycle, the foam volume decreases while the liquid level (and overall
bubble size) increases until the foam is substantially removed. When the
foam level is reduced to less than 20% of its original height, alternating high
and low pressure becomes more effective in removing the foam due to the

larger volume above the foam that is available for expansion of the bubbles.

To further increase the defoaming effeciency, radiation may be applied

to the foam at any of the stages 202, 204, 206 and 208. In one example,
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radiation is applied during the low pressure cycle (e.g. stage 204). During the
low pressure cycle, the pressure in the chamber is reduced to allow the
bubbles expand to their maximum allowable level and radiation in the form of
infra-red irradiation is used at this time to further heat the bubbles to aid
bursting (heat can assist in the further expansion of bubbles). After that, the
pressure within the chamber can be further reduced to increase the bubble
size again. In the example, infra-red irradiation is terminated upon transition
to a high pressure cycle (e.g. stage 208). During the high pressure cycle, the
bubble sizes are much smaller and hence, infra-red irradiation may not be as

effective in bursting the bubbles.

FIG. 3 is an example of a mucilage mixture being defoamed in
accordance with an example embodiment disclosed herein. Mucilage is a
mixture of starch/gum powder and acidic solution, and is used as a base
ingredient for many soft drink beverages. It is highly viscous (viscosity = 12
cP, or 12 times higher than water), gluey and starchy in nature. In this
example, with reference to FIG. 3A, acidic/mixing solution 302 and
starch/gum powder 304 were mixed in an air-tight chamber 306, in the form
of a dessicator, to form a mucilage mixture 308. As shown in FIG. 3A and
FIG. 3B (which shows a full view of the mucilage mixture 308), immediately
after mixing, a large amount of foam was created over the surface of the
mucilage mixture 308, with the foam height reaching to about 8.5 cm and the
liquid height measuring about 3.0 cm in a 6” beaker (2 litres capacity). The
mixture 308 was subjected to repeated pressure/pump-vent cycles, and the
amount of foam was observed to decrease with each cycle. As shownin FIG.
3C to FIG. 3H, there was a clear and visible reduction in the foam
amount/volume forom cycle 61 to cycle 66. After 66 cycles, the mucilage
mixture 308 was observed to be completely defoamed, with the foam height
dropping to about 0 cm from the intial about 8.5 cm, and the liquid level rising
to about 6.85 cm from the intial about 3.0 cm. The final defoamed mixture is
depicted in FIG. 3I.
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FIG. 4 is a graph showing the higher rate of defoaming achieved by a
method (e.g. a method similar to method 100 desecribed in FIG. 1) in
accordance with an example embodiment disclosed herein as compared to
defoaming by natural deaeration. The lines in the graph are used to guide the
eye. As can be seen from the graph, when a mucilage mixture was left to
defoam naturally in air, the foam level came down very slowly (the foam
height at each time point is represented by square data points). Even after 8
hours, the mixture was still not completely defoamed, and 6% of the foam
(measured by the foam height remaining in a 6” beaker (2L capacity) used to
hold the mixture) still remained. In contrast, when a mucilage mixture was
subjected to pulsed/alternating pressure/pump-vent cycle in accordance with
an example embodiment disclosed herein, a dramatic improvement in the
defoaming rate was observed. Using this method, it took only about 155
minutes for the foam height to be reduced to 6% of its original height. This
represents a more than 3 times improvement in the defoaming rate as
compared to defoaming by natural deaeration. Furthermore, complete
defoaming was observed after about 3.3 hours or about 198 minutes. Without
being bound by theory, it is believed that the larger bubble size attributed by
decompression, combined with the introduction of subsequent positive
pressure and shearing force cause the bubbles to burst at a much faster rate
and consequently the foam amount reduces at a much faster rate, as
compared to defoaming by natural deaeration.

The effects of applying vacuum only (without alternating the gas
pressure) was also investigated. To this end, a mucilage mixture was left to
defoam at a constant low pressure of 0.5 atm without alternating the gas
pressure. As compared to defoaming by natural deaeration at atmospheric
pressure, the vaccum only method/technique showed a slight improvement
in the defoaming rate of about 1.4 times (compare with the 3 times
improvement showed by the alternating pressure method in accordance with
an example embodiment disclosed herein). Thus, this shows that the

combination of a pressure-gradient and shearing force in embodiments of the
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method created an additional force that increased defoaming efficiency. As
compared to a vacuum only method/technique therefore, embodiments of the
method lead to faster/more efficient defoaming. Further, since a vacuum only
method/technique relies heavily on bubble expansion (to the point for
bursting) for defoaming, the efficiency of the method is limited by a greater
extent on the size of the chamber i.e. a bigger chamber is required for more
efficient defoaming.

FIG. 5 is a graph showing the effect of a chamber size on the
defoaming rate of an example embodiment of the method disclosed herein.
In this example, two identical mucilage mixtures were defoamed separately
in a 3” beaker of 2L capacity (data points represented by triangles) and in a
6” beaker of 2L capacity (data points represented by circles) by subjecting
the mixtures to pulsed/alternating pressure/pump-vent cycles. In the control
sample (data points represented by squares), a mucilage mixture was left to
deaerate naturally at atmospheric pressure in a 6” beaker of 2L capacity. As
can be seen from the graph, the rate of defoaming was slower in the 3” beaker
as compared to the 6” beaker. Without being bound by theory, it is believed
that as there is a bigger volume in 6” beaker available for expansion of

bubbles to a larger size, this leads to a faster rate of defoaming.

In embodiments of the method, alternating pressure can be combined
with infra-red radiation of the foam to achieve higher defoaming efficiency.
FIG. 6 is a graph comparing the defoaming efficiency of 4 different defoaming
methods: (1) the natural run method (data points represented by squares)
wherein natural defoaming was carried out at atmospheric pressure without
infra-red radiation; (2) the alternating pressure only method (data points
represented by circles) wherein defoaming was carried out under alternating
high and low pressure without infra-red radiation of foam. (3) the optical only
method (data points represented by upright triangles) wherein defoaming was
carried out under infra-red radiation at atmospheric pressure; and (4) the

alternating pressure and optical method (data points represented by inverted
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triangles) wherein defoaming was carried out under a combination of
alternating pressure and infra-red radiation of foam. In this example, a
combination of low pressure (at 0.5 atm) and infra-red radiation of foam was
used until the foam height was reduced to 20% of its original height. Then,
alternating pressure was applied to remove the last 20% of the foam height.

As shown by the graph, complete defoaming by natural deaeration
(method 1) in a 6” beaker of 2L capacity took about 9 hours. Using the
alternating pressure method (method 2), the defoaming efficiency was
increased and the foam was dissipated in about 200 minutes. While optical
defoaming (method 3) can be used on its own, in this example, it was not able
to achieve complete defoaming. This may be because the efficiency of this
method decreases with foam height. In this example, the optical method
(method 3) took about 110 minutes to reduce the foam level to about 13% of
its original height. A significant improvement in defoaming efficiency was
observed when optical defoaming was combined with alternating pressure
(method 4). Complete defoaming was achieved in only about 80 minutes.
This is about 6-7 times faster than defoaming by natural deaeration (method
1). This method (method 4) is also faster than using alternating pressure on
its own (method 2) or optical radiation on its own (method 3). In method 4, a
combination of low pressure and optical radiation was used in an initial phase
to achieve higher defoaming efficiency. When the foam level was sufficiently
reduced, alternating pressure was introduced to complete the defoaming
process. Table 1 below summarizes the features of each of the optics only
method, the alternating pressure only method and the combined optics and
alternating pressure method.

Table 1
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26

Performance Optics Alternating pressure Optics and alternating

pressure

Defoaming time Can achieve fast defoaming till Complete defoamingin Complete defoamingin 80
20% of foam height and is 200min. min.
ineffective after that when
increase in bubble diameter
<critical diameter for
destabilization of bubble.

Cons Heating of foam, temperature can Larger tank size may be Onlyslight heating of foam
go up to 65 °C on foam. This needed. up to 40 °C, with negligible
causes crystallization of the change intemp. of liquid.
sugars inthe foam.

Defoaming area Limited to size of lamp Whole tank Whole tank

Ease of implementation in| Easy Easy Easy

reactor tank

FIG. 7 depicts the mucilage mixture being defoamed by the alternating
pressure and optical method (method 4) described in FIG. 6. As shown, there
was a visible reduction in the amount of foam from the 30-minute timepoint to
the 80-minute timepoint. Due to the high efficiency of this combined method,
complete defoaming can be achieved in a shorter amount of time and hence,
any by-effect heating of the foam by infra-red radiation is minimised.

FIG. 8 is a schematic diagram of system setup 800 for reducing foam
from a foam-containing liquid 802 in accordance with an example
embodiment disclosed herein. In the example embodiment, the system setup
800 comprises a chamber 804, in the form of an air-tight acrylic desiccator
comprising a beaker e.g. a 6” beaker, for containing a foam-containing liquid
802. The system setup 800 further comprises a first pressure-regulating
member 806, in the form of a vaccum pump, in fluid communication with the
chamber 804. In the example embodiment, the vaccum pump actively causes
air to flow from or out of the chamber 804. The first pressure-regulating
member 806 is adapted to introduce a first pressure, e.g. a pressure lower
than atmospheric pressure, within chamber 804 for enlarging the size of the
bubbles of the foam. The system steup 800 further comprises a second
pressure-regulating member 808, in the form of a vent/ventilator, in fluid
communication with the chamber 804. In the example embodiment, the
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vent/ventilator passively allows air to flow into the chamber 804. This results
in an energy-efficient system. The second pressure-regulating member 808
is adapted to introduce a second pressure within chamber 804 that is higher
than the first pressure for reducing the number of bubbles of the foam. The
system steup 800 may further comprise a vacuum/pressure gauge 810 for
measuring the pressure in the chamber 804. In the example embodiment, the
system setup 800 is programmed/automated to alternate between pumping
and venting, with each pump-vent cycle lasting 3 minutes. The system setup
800 is further configured to reduce the pressure or maintain the pressure at
a target pressure of 0.5 atm in chamber 804 during the pumping process and
increase the pressure to or maintain the pressure at a target pressure of 1
atm in chamber 804 during the venting process. Although the target
pressures of 0.5 atm and 1 atm are used in this example embodiment, it
should be understood that other target pressures may also be used in the
alternating pressure cycle to achieve a defoaming effect. In various
embodiments, the chamber is a substantially air tight chamber when the first

pressure-regulating member (e.g. a pump) is in operation.

In various embodiments, the system may further comprise a controller
forimplementing a plurality of pressure cycles within the chamber through the
operation of the first pressure-regulating member and the second pressure-
regulating member, wherein each pressure cycle comprises a first pressure
for enlarging the size of the bubbles in the foam and a second pressure higher

than the first pressure for reducing the number of bubbles in the foam.

FIG. 9 depicts a system setup 900 comprising a radiation source 910,
such as an infra-red radiation source, for reducing foam from a foam-
containing liquid in accordance with an example embodiment disclosed
herein. FIG. 9A is a schematic diagram of the system setup 900 and FIG. 9B
is a picture of the system setup 900. With reference to FIG. 9A, the system
setup 900 comprises a chamber 904 for containing a foam-containing liquid

902. The chamber 904 comprises at least a portion 912 e.g. a substantially
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transparent portion that allows radiation energy to be transmitted from the
radiation source 910 to the foam. In the example embodiment, the chamber
904 is in the form of a glass desiccator which allows infra-red wavelengths to
be transmitted so that the foam is able to absorb a large portion of the energy.
In the example embodiment, the radiation source 910 in the form of an infra-
red lamp is arranged to irradiate the foam contained within the chamber 904
to destabilize the foam. In the example embodiment, the radiation source 910
is disposed external to the chamber 904. It will be appreciated that the
radiation source 910 may also be disposed within the chamber 904 to
irradiate the foam. The system setup 900 may further comprise a first
pressure-regulating member 906 (similar to the first pressure-regulating
member 806 in FIG. 8) and a second pressure-regulating member 908
(similar to the second pressure-regulating member 908 in FIG. 8) both in fluid
communication with the chamber 904. In the example embodiment, the
system system 900 is configured to to irradiate the foam during a
decompression/pumping process e.g. when the pressure within the chamber
904 is reduced to or at 0.5 atm. During a decompression/pumping process,
the pressure inside the chamber 904 is reduced and this causes the bubbles
of the foam to expand. When infra-red light/radiation is shone on/applied to
the foam at this stage, further expansion of the bubbles occurs and when the
bubbles are large enough, they start to burst. A defoaming effect is thus
achieved.

FIG. 10A and FIG. 10B are examples of systems for reducing foam that
incorporate modifications to existing reactors in accordance with example
embodiments disclosed herein. As shown by the figure, a cover/lid comprising
one or more pressure regulating members can be disposed over a chamber
e.g. a mixing chamber of an available reactor to produce a system that is
capable reducing foam. FIG. 10A shows an air-tight cover/lid 1002 comprising
pressure regulating members 1004 and 1006 in the form of an inlet for pump
and an inlet for vent respectively being disposed over a chamber of a

Silverson ultramixer 1008 for mixing mucilage to form a system 1000 for
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reducing foam. The air-tight cover/lid 1002 seals the chamber and the
pressure regulating members 1004 and 1006 in the form of an inlet for pump
and an inlet for vent establish fluid communication with the chamber. FIG.
10B shows an example of a Silverson inline Flashmix 2008 for mixing
mucilage that is fitted with a similar air-tight cover/lid 2002 over its chamber
to form a system 2000 that is capable of defoaming. The cover/lid 2002 also
comprises pressure regulating members 2004 and 2006 in the form of an inlet
for pump and an inlet for vent respectively. Embodiments of the systems
minimize aeration and therefore foaming in a mixing chamber, and also
additionally allows for defoaming of any foam produced to be carried out
directly in a mixing chamber, simultaneously with or subsequent to mixing. To
increase/optimize the defoaming efficiency, a bigger chamber may be used.
A bigger chamber provides more space for bubbles of the foam to expand so
that bursting can occur at a faster rate. If the chamber/container size is fixed,
mucilage or any other liquid product may be made in smaller batches at a
time to increase/optimize the defoaming efficiency.

FIG. 11 shows a system 1100 in the form a modified reactor comprising
a chamber 1102 for defoaming coupled to a mixing chamber 1104 in
accordance with an example embodiment disclosed herein. In the example
embodiment, the chamber 1102 is a designated chamber for defoaming
(contrast with system 1000 of FIG. 10 wherein defoaming and mixing may be
carried outin the same chamber). The chamber 1102 comprises a pump 1106
that is in fluid communication with the mixing chamber 1104 for sucking any
foam into the chamber 1102 for defoaming. The chamber 1102 may further
comprise a cover/lid 1108 e.g. an air-tight lid comprising pressure regulating
members 1110 and 1112 in the form of an inlet for pump and an inlet for vent
respectively for pumping to reduce a pressure and venting to increase a
pressure within the chamber 1102. In the example embodiment, the chamber
1102 further comprises a plurality/number of fins 1114 disposed therein. The
fins increase the surface area that the foam is exposed to and also increase

a bubble size of the foam when reduction of pressure/decompression takes
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place within the chamber 1102. A gas pressure may be subsequently
introduced to further burst the bubbles. Any excess liquid 1116 that is
produced from defoaming can be drained into a pipeline which joins a main
reactor (not shown in the figure). In this way, the defoaming efficiency can be

increased.

FIG. 12 is an example of a system 1200 for reducing foam that
incorporate modifications including the addition of a radiation source to an
existing reactor in accordance with an example embodiment disclosed herein.
In the system 1200, a radiation source 1202 in the form of an infra-red lamp
is disposed external to a tank/chamber 1204 of an existing reactor and
arranged to irradiate any foam contained within the tank/chamber 1204 to
destabilize the foam. The positioning of the infra-red lamp is such that the
angle of radiation is substantially perpendicular to the surface plane of the
foam. As the infra-red lamp is disposed external to a tank/chamber 1204,
heating of the contents in the chamber 1204 is reduced and chances of any
potential contamination is also reduced. The system 1200 may further
comprise a glass cover/lid/port 1206 fitted to the opening of the chamber 1204
to allow infra-red radiation from the infra-red lamp to pass through to reach
the foam contained in the chamber 1204. It will be appreciated that a
cover/lid/port of another material that is not glass may also be used if it allows
a large fraction of the radiation such as infra-red radation from the radiation
source to pass through. For example, other materials that allow high
transmittance in the infra-red range include glass, polymethyl pentene (TPX),
polytetrafluoroethylene (PTFE), black acrylic, polycarbonate plexiglass and
the like. The cover/lid/port 1206 may further comprise pressure regulating
members 1208 and 1210 comprising valves for pumping to reduce a pressure
inside the chamber 1204 and venting to increase a pressure inside the
chamber 1204. The cover/lid/port 1206 may be further configured to render
the chamber 1204 air-tight when fitted to an opening of the chamber 1204.
This example shows that slight modifications may be made to an existing
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reactor to produce a system 1200 for reducing foam by irradiation, and

optionally also by alternating pressure.

APPLICATIONS

As compared to existing defoaming methods (e.g. defoaming by
meachanical or acoustic disruption), most of which are designed for
defoaming over a small/localized area, embodiments of the method and
system are advantageously suitable for large area defoaming of
bubbles/foam. Further, embodiments of the method and system are also

demonstrated to be capable of defoming highly viscous liquid.

Advantageously, in embodiments of the disclosed method, the
combination of the step of subjecting foam to a plurality of pressure cycles and
the step of applying radiation to said foam has an unexpected synergistic effect
in increasing defoaming efficiency. Such synergistic combination results in a
defoaming efficiency that is much higher as compared to applying vacuum

pressure alone or irradiation alone.

In embodiments of the method, an alternating/pulsed pressure of
between 1 atm and 0.5 atm is applied to a foam-containing liquid/solution in
a sealed chamber. The pressure and shearing force caused by alternating
between high and low pressure cause bubbles to burst faster. Embodiments
of the method are capable of achieving complete defoaming of a mucilage
mixture in about 3 hours and 20 minutes, which is 2-3 times faster than
defoaming by natural dearation which take about 9 hours. Further, by
combining the application of alternating pressure with irradiation of foam,
embodiments of the method can further reduce the defoaming time by about
6-7 times from 9 hours to about 1 hour 20 minutes.

In other words, the combination is capable of increasing the defoaming

rate by at least twice that of using only alternating pressure. Without being
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bound by theory, it is believed that the combination can increase the bubble
size of the foam and create an unstable foam which is easier to burst. The
combination may also increase the bubble size at a much faster rate to the
point of bursting. This combination process also reduces heating of foam as
compared to the optical only method. Advantageously, embodiments of the
method have high defoaming efficiency and significantly reduce the amount
time for defoaming by up to 6-7 times as compared to defoaming by natural
deaeration.

Besides having high defoaming efficiency, embodiments of the method

are also relatively chemical-free, contact free and have minimal/no wastage.

Embodiments of the method can be operated in a closed system (i.e.
a mixing tank) and the liquid or foam stays in the system without the need for
contacting other surfaces.

Embodiments of the method can also be easily implemented in existing
reactors with only slight modifications to the reactors. For example, glass
ports can be fitted on the lid so as to allow infra-red illumination on the foam
from an infra-red source located outside the reactor/tank. Although a separate
chamber may be used for defoaming, embodiments of the method do not
necessarily require a separate chamber and may also be implemented in a
mixing chamber of a reactor. Embodiments of the method are thus more
flexible and less complex to implement than existing methods that require a

separate vaccum chamber for defoaming.

It will be appreciated by a person skilled in the art that other variations
and/or modifications may be made to the embodiments disclosed herein
without departing from the spirit or scope of the disclosure as broadly
described. For example, in the description herein, features of different example
embodiments may be mixed, combined, interchanged, incorporated, adopted,

modified, included etc. or the like across different example embodiments. The
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present embodiments are, therefore, to be considered in all respects to be

illustrative and not restrictive.
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CLAIMS

A method of reducing foam from a foam-containing liquid, the method
comprising:

subjecting foam to a plurality of pressure cycles, each pressure
cycle comprising a first pressure for enlarging the size of the bubbles
in the foam and a second pressure higher than the first pressure for
reducing the number of bubbles in the foam; and

applying radiation to said foam to destabilize said foam.

The method according to claim 1, wherein the radiation comprises

infra-red radiation.

The method according to claim 1 or claim 2, wherein the first pressure
is from 0.3 atm to 1 atm and the second pressure is from 0.8 atmto 1.2

atm.

The method according to any one of the preceding claims, wherein the
first pressure is kept constant for a period of time until there is

substantially no further enlargement of the bubbles in the foam.

The method according to any one of the preceding claims, wherein the
second pressure is kept constant for a period of time until there is

substantially no further reduction in the number of bubbles in the foam.

The method according to any one of the preceding claims, wherein the

subjecting step and the applying step are performed simultaneously.

The method according to any one of the preceding claims, wherein the
first pressure is created by vacuum pumping and the second pressure
is created by venting.
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The method according to any one of the preceding claims, wherein the

method is carried out under constant total volume.

The method according to claim 8, wherein prior to the subjecting and
applying steps, the ratio of the volume of space external to the foam to
the volume of the foam in the total volume is at least 1.

The method according to any of the preceding claims, wherein the

method is substantially devoid of the use of a defoaming agent.

A system for reducing foam from a foam-containing liquid, the system
comprising:

a chamber for containing the foam-containing liquid;

one or more pressure-regulating members in fluid
communication with said chamber, the one or more pressure-
regulating members adapted to introduce a first pressure within said
chamber for enlarging the size of the bubbles in the foam and a second
pressure within said chamber that is higher than the first pressure for
reducing the number of bubbles in the foam; and

a radiation source arranged to irradiate the foam contained
within the chamber to destabilize said foam.

The system of claim 11, wherein the one or more pressure-regulating
members comprises a first pressure-regulating member adapted to
introduce the first pressure and a second pressure-regulating member
adapted to introduce the second pressure.

The system according to claim 12, wherein the first pressure-regulating
member comprises a vacuum pump for actively causing air to flow from

said chamber.
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The system according to claim 12 or claim 13, wherein the second
pressure-regulating member comprises a ventilator for passively

allowing air to flow into said chamber.

The system according to any one of claims 11 to 14, wherein the

radiation source comprises an infra-red radiation source.

The system according any one of claims 11 to 15, wherein the chamber
is a substantially air tight chamber when the first pressure is applied to
the chamber.

The system according any one of claims 11 to 16, wherein the chamber
comprises at least a portion that allows radiation energy to be
transmitted from the radiation source to the foam, optionally wherein
the portion is a substantially transparent portion.

The system according any one of claims 11 to 17, further comprising a
controller for implementing a plurality of pressure cycles within the
chamber through the operation of the one or more pressure-regulating
members, wherein each pressure cycle comprises a first pressure for
enlarging the size of the bubbles in the foam and a second pressure
higher than the first pressure for reducing the number of bubbles in the

foam.

The system according any one of claims 11 to 18, wherein the radiation
source is disposed external to the chamber.

The system according any one of claims 11 to 19, further comprising
a plurality of fins disposed within said chamber.
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subjecting foam to a plurality of pressure cycles,
each pressure cycle comprising a first pressure
for enlarging the size of the bubbles in the foam
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