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Description
This application claims the benefit of U.S. Provisional application 61,337,184, filed Feb. 1, 2010.

BACKGROUND

These inventions relate to carbonating liquids for use in preparing a beverage. Systems for carbonating liquids and/or mixing liquids with a
beverage medium to form a beverage are described in a wide variety of publications, including U.S. Patents 4,025,655, 4,040,342;
4.636,337; 6,712,342 and 5,182,084; and PCT Publication WO 2008/124851.

SUMMARY OF INVENTION

Aspects of the invention relate to carbonating a precursor liquid, such as water, to form a beverage. In some embodiments, a carbon dioxide
source can be provided in a cartridge which is used to generate carbon dioxide gas that is dissolved into the precursor liquid. A beverage
medium, such as a powdered drink mix or liquid syrup, may be provided in the same, or a separate cartridge as the carbon dioxide source
and mixed with the precursor liquid (either before or after carbonation) to form a beverage. The use of one or more cartridges for the carbon
dioxide source and/or beverage medium may make for an easy to use and mess-free system for making carbonated beverages, e.g., in the
consumer's home.

In one aspect of the disclosure, a beverage making system includes a beverage precursor liquid supply arranged to provide a precursor
liquid, and a cartridge chamber arranged to hold first and second cartridge portions. The cartridge chamber may have a single cartridge
receiving portion for receiving one or more cartridges, or may include a plurality of cartridge receiving portions that are separated from each
other, e.g., for receiving two or more cartridges. If multiple receiving portions are provided, they may be opened and closed simultaneously
or independently of each other. A first cartridge portion may be provided in the cartridge chamber where the first cartridge portion contains
a carbon dioxide source arranged to emit carbon dioxide gas for use in carbonating the precursor liquid. In some embodiments, the carbon
dioxide source may include a charged molecular sieve, such as a zeolite that is in solid form (e.g., pellets) and has adsorbed carbon dioxide,
that releases carbon dioxide in the presence of water. A second cartridge portion may be provided in the cartridge chamber where the second
cartridge portion contains a beverage medium arranged to be mixed with a liquid precursor to form a beverage. The system may be arranged
to carbonate the precursor liquid using the carbon dioxide gas emitted by the first cartridge portion and to mix the beverage medium of the
second cartridge portion with the precursor liquid. The precursor liquid may be carbonated in the first cartridge portion, or in one or more
other areas (such as a reservoir or membrane carbonator) to which carbon dioxide is delivered. Mixing of the precursor liquid with beverage
medium may occur before or after carbonation, and may occur in the second cartridge portion or in another location, such as a mixing
chamber separate from the second cartridge portion.

The system may include a carbon dioxide activating fluid supply arranged to provide fluid to the cartridge chamber for contact with the
carbon dioxide source to cause the carbon dioxide source to emit carbon dioxide gas. For example, the carbon dioxide activating fluid
supply may be arranged to control an amount of fluid (such as water in liquid or vapor form) provided to the cartridge chamber to control an
amount of carbon dioxide gas produced by the carbon dioxide source. This may allow the system to control a carbon dioxide gas pressure
used to carbonate the precursor liquid. Thus, the cartridge chamber may be arranged to hold at least the first cartridge portion in the cartridge
chamber under a pressure that is greater than an ambient pressure. A carbon dioxide gas supply may be arranged to conduct carbon dioxide
gas emitted by the carbon dioxide source, under pressure greater than the ambient pressure, to beverage precursor liquid to carbonate the
precursor liquid. The carbon dioxide may be conducted to a carbonation tank, a membrane contactor, or other suitable arrangement for
carbonation. For example, the system may include a carbonator that includes a membrane that separates a liquid side from a gas side of the
carbonator, where the carbon dioxide gas is provided to the gas side and the beverage precursor liquid supply provides precursor liquid to
the liquid side such that carbon dioxide on the gas side is dissolved in the precursor liquid on the liquid side. A pump may move precursor
liquid from a reservoir through the carbonator for subsequent discharge as a beverage, or the precursor liquid may be circulated back to the
reservoir for one or more additional passes through the carbonator.

In some embodiments, the system may mix the beverage medium with precursor liquid to form a beverage such that none of the beverage
contacts the carbon dioxide source. However, in other embodiments, the precursor liquid may contact the carbon dioxide source, e.g., where
the liquid is passed through the first cartridge portion to be carbonated. The first and second cartridge portions may each be part of
respective first and second cartridges that are distinct from each other, or the cartridge portions may be part of a single cartridge. If part of a
single cartridge, the first and second cartridge portions may be separated from each other, e.g., by a permeable element such as a filter, or an
impermeable element such as a wall of the cartridge that may or may not be frangible, burstable (such as by suitable pressure), piercable or
otherwise breached to allow the first and second cartridge portions to communicate with each other. A cartridge associated with the first and
second cartridge portions may be pierced while in the cartridge chamber to allow access to the first and second portions. For example, if the
cartridge portions are in separate cartridges, the two cartridges may be pierced by closing of the cartridge chamber to allow fluid to be
provided to and/or gas to exit from the first cartridge portion, and to allow the beverage medium to exit the second cartridge portion whether
alone or with a mixed precursor liquid.

In some embodiments, the first and cartridge portions may each have a volume that is less than a volume of carbonated beverage to be
formed using the cartridge portions. This can provide a significant advantage by allowing a user to form a relatively large volume beverage
using a relative small volume cartridge or cartridges. For example, the system may be arranged to use the first and second cartridge portions
over a period of time less than about 120 seconds to form a carbonated liquid having a volume of between 100 - 1000 ml and a carbonation
level of about 2 to 4 volumes. Carbonation may occur at pressures between 20-50 psi, or more. The cartridge portions in this embodiment
may have a volume of about 50 ml or less, reducing an amount of waste and/or adding to convenience of the system.

In another aspect of the disclosure, a method for forming a beverage includes providing first and second cartridge portions in a cartridge
chamber where the first cartridge portion contains a carbon dioxide source arranged to emit carbon dioxide gas for use in carbonating a

liquid, and the second cartridge portion contains a beverage medium arranged to be mixed with a liquid precursor to form a beverage. A
fluid, such as water in liquid or vapor form, may be provided to the cartridge chamber to cause the carbon dioxide source to emit carbon
dioxide, and a precursor liquid may be carbonated by dissolving at least a portion of the carbon dioxide emitted from the carbon dioxide
source in the precursor liquid. The precursor liquid may be mixed with a beverage medium to produce a beverage, either before or after

carbonation.
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As noted above, the carbon dioxide source may be in solid form in the first cartridge portion, e.g., including a charged zeolite. An amount of
fluid provided to the first cartridge portion may be controlled to control carbon dioxide gas production by the carbon dioxide source, e.g., to
maintain a pressure of gas produced by the carbon dioxide source to be within a desired range above an ambient pressure. In one
embodiment, the carbon dioxide source includes a charged zeolite, and an amount of fluid provided to the cartridge chamber is controlled so
as to cause the charged zeolite to emit carbon dioxide over a period of at least 30 seconds or more.

Carbonation of the precursor liquid may include providing carbon dioxide gas to a reservoir that contains precursor liquid, providing carbon
dioxide to a gas side of a membrane such that carbon dioxide on the gas side is dissolved in the precursor liquid on a liquid side of the
membrane, spraying precursor liquid in a carbon dioxide-filled space, passing the precursor liquid through the first cartridge portion under
pressure, and so on.

As mentioned above, the first and second cartridge portions may each be part of respective first and second cartridges that are distinct from
each other, or the cartridge portions may be part of a single cartridge. If part of a single cartridge, the first and second cartridge portions may
be separated from each other, e.g., by a cartridge wall. Mixing of the precursor liquid may occur before or after carbonation, and may occur
in the second cartridge portion or in another location, such as a mixing chamber separate from the second cartridge portion.

In one embodiment, the steps of providing a fluid and carbonating may be performed over a period of time less than about 120 seconds (e.g.,
about 60 seconds) and using a gas pressure of 20-50 psi to form a carbonated liquid having a volume of between 100 - 1000 ml (e.g., about
500 ml) and a carbonation level of about 2 to 4 volumes. Thus, systems and methods according to this aspect may produce a relatively
highly carbonated beverage is a relatively short period of time, and without requiring high pressures.

In a first aspect of the invention, a beverage making system according to independent claim 1 is provided. The ability to control carbon
dioxide gas production, and thus pressure, in a relatively simple way of controlling fluid flow into the cartridge chamber, may provide
advantages of a simple control and system operation.

The beverage precursor liquid supply may include a reservoir that contains precursor liquid, a carbonator that includes a membrane that
separates a liquid side from a gas side of the carbonator, a pump that moves precursor liquid from the reservoir through the carbonator or
other portion of the system, one or more filters or other liquid treatment devices, and so on. The cartridge chamber may be arranged to hold
the cartridge in the chamber under a pressure that is greater than an ambient pressure, e.g., within a pressure range that is suitable for
carbonating the precursor liquid. In some embodiments, gas pressure used for carbonation may be between about 20 and 50 psi, although
higher (and lower) pressures are possible.

In a second aspect of the invention, a method for forming a beverage according to independent claim 10 is provided The precursor liquid
may be mixed with a beverage medium to produce a beverage, either before or after carbonation, whether in a cartridge or other area. In one
embodiment, the cartridge may be pierced using a beverage making machine to provide liquid to the cartridge. As with the embodiments
above, the liquid may be carbonated in the cartridge or other area, such as a carbonator or reservoir, the cartridge may include a second
portion that includes the beverage medium (or a second cartridge may be used with the beverage medium), and so on.

In another aspect of the disclosure, a method for forming a carbonated beverage includes providing a cartridge having an internal space that
is sealed to enclose a carbon dioxide source in the internal space where the carbon dioxide source is in solid form, opening the cartridge
(such as by piercing) and causing the carbon dioxide source to emit carbon dioxide, and carbonating a liquid by dissolving at least a portion
of the carbon dioxide emitted from the carbon dioxide source in the liquid. The liquid may be mixed with a beverage medium by passing the
liquid through a cartridge chamber that contains the beverage medium to produce a beverage. By mixing the liquid with beverage medium in
a cartridge, the need for a separate mixing chamber may be avoided, and flavor contamination between consecutively made beverages may
be reduced (because the cartridge serves as the mixing chamber and is used only once).

In one embodiment, the cartridge that encloses the carbon dioxide source also includes the cartridge chamber that contains the beverage
medium. For example, liquid may be introduced into a first portion of the cartridge where the carbon dioxide source is located for
carbonation, and pass from the first portion to a second portion where the beverage medium is located. In another embodiment, the cartridge
chamber where liquid is mixed with beverage medium may be part of a second cartridge separate from the cartridge that encloses the carbon
dioxide source.

Carbon dioxide gas from the cartridge may be routed to an area where the carbon dioxide gas is dissolved in the liquid, e.g., to a membrane
contactor, a reservoir that holds a substantial portion of the liquid, or other arrangement. A pressure of the carbon dioxide may be controlled
by controlling an amount of fluid provided to the cartridge. As with other aspects of the invention, various embodiments and optional
features described herein may be used with this aspect of the invention.

In another aspect of the disclosure, a kit for forming a beverage includes a first cartridge having an internal space that is sealed and contains
a carbon dioxide source in the internal space. The carbon dioxide source may be in solid form and arranged to emit carbon dioxide gas for
use in carbonating a precursor liquid. The first cartridge may be arranged to have an inlet through which fluid is provided to activate the
carbon dioxide source and an outlet through which carbon dioxide gas exits the first cartridge. For example, the first cartridge may be
pierced to form the inlet and outlet, or the first cartridge may have a defined inlet/outlet. A second cartridge of the kit may include an
internal space that is sealed and contains a beverage medium for use in mixing with the precursor liquid to form a beverage. The second
cartridge may be arranged to mix a precursor liquid with the beverage medium in the second cartridge, and thus may be pierceable or
otherwise arranged to allow inlet of liquid and outlet of mixed liquid/beverage medium. The first and second cartridges may each have a
volume that is less than a volume of beverage to be formed using the first and second cartridges, e.g., the cartridge may have a volume of
about 50ml and be used to make a beverage having a volume of about 500 ml. The first and second cartridges may be joined together, e.g.,
such that the cartridges cannot be separated from each other, without use of tools, without damaging at least a portion of the first or second
cartridge. In one embodiment, the first and second cartridges may be joined by a welded joint or by interlocking mechanical fasteners.

In another aspect of the disclosure, a cartridge for forming a beverage includes a container having an internal space that is sealed and
contains a carbon dioxide source in the internal space. The carbon dioxide source may be in solid form (such as a charged zeolite or other
molecular sieve) and arranged to emit carbon dioxide gas for use in carbonating a precursor liquid. The container may be arranged to have
an inlet through which fluid is provided to activate the carbon dioxide source and an outlet through which carbon dioxide gas exits the
container for use in carbonating the precursor liquid. In one embodiment, the container may be pierceable by a beverage making machine to
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form the inlet and to form the outlet, e.g., at the top, bottom, side and/or other locations of the cartridge. In one arrangement, the container
may include a lid that is pierceable by a beverage machine to form both the inlet and outlet. The container may have at least one portion that
is semi-rigid or flexible, e.g., that is not suitable to withstand a pressure over about 80 psi inside the cartridge without physical support. The
container may include a second chamber that contains a beverage medium for use in flavoring the precursor liquid to form a beverage, and
the second chamber may be isolated from a first chamber in which the carbon dioxide source is contained. The container may have a volume
that is less than a volume of carbonated beverage to be formed using the cartridge.

In another aspect of the disclosure, a beverage making system includes a cartridge chamber arranged to hold a cartridge under a pressure that
is greater than an ambient pressure, and a cartridge including an internal space containing a carbon dioxide source arranged to emit carbon
dioxide gas for use in carbonating a liquid. The cartridge may have a volume that is less than a volume of beverage to be created using the
cartridge, e.g., a volume of 50ml or less for use in carbonating a volume of liquid of about 100-1000ml to a carbonation level of about 2 to 4
volumes. A beverage precursor liquid supply may provide precursor liquid into the internal space of the cartridge to cause the carbon
dioxide source to emit carbon dioxide gas and cause at least some of the carbon dioxide gas to be dissolved in the precursor liquid while in
the internal space. Carbonating the liquid in a cartridge chamber can simplify system operation, e.g., by eliminating the need for carbonation
tanks or other carbonators. Instead, the cartridge may function as a carbonator, at least in part. In one embodiment, the cartridge includes a
second chamber that contains a beverage medium for use in mixing with the precursor liquid to form a beverage. The second chamber may
be isolated from a first chamber in which the carbon dioxide source is contained, or the first and second chamber may communicate, e.g.,
liquid may be introduced into the first chamber to be carbonated and pass from the first chamber to the second chamber where the beverage
medium is located.

In another aspect of the disclosure, a method for forming a beverage includes providing a cartridge having an internal space that is sealed to
enclose a carbon dioxide source in the internal space where the cartridge has a volume that is less than a volume of beverage to be created
using the cartridge. Liquid may be provided into the cartridge to cause the carbon dioxide source to emit carbon dioxide, and the liquid may
be carbonated by dissolving at least a portion of the carbon dioxide emitted from the carbon dioxide source in the liquid while the liquid is in
the cartridge. The liquid may be mixed with a beverage medium to produce a beverage, either before or after carbonation in the cartridge. In
fact, the cartridge may include a second chamber that contains a beverage medium for use in mixing with the precursor liquid to form a
beverage, and the cartridge may have a volume that is less than a beverage to be made using the cartridge. The cartridge may be pierced
using a beverage making machine to form an inlet and an outlet.

In another aspect of the disclosure, a beverage making system includes a beverage precursor liquid supply, a cartridge chamber arranged to
hold a cartridge in a chamber, and a cartridge including an internal space containing a carbon dioxide source that is in solid form and is
arranged to emit carbon dioxide gas for use in carbonating a liquid. A carbon dioxide activating fluid supply may provide liquid to the
cartridge chamber for contact with the carbon dioxide source to cause the carbon dioxide source to emit carbon dioxide gas. The system may
also include a carbonator that has a membrane that separates a liquid side from a gas side, where the carbon dioxide gas emitted by the
cartridge is provided to the gas side and the beverage precursor liquid supply provides precursor liquid to the liquid side such that carbon
dioxide on the gas side is dissolved in the precursor liquid on the liquid side. The cartridge chamber may be arranged to hold the cartridge in
the chamber under a pressure that is greater than an ambient pressure, e.g., within a pressure range used to carbonate the liquid in the
carbonator. A carbon dioxide gas supply may be arranged to conduct carbon dioxide gas emitted by the carbon dioxide source, under
pressure greater than the ambient pressure, from the cartridge chamber to the gas side of the carbonator. The membrane of the carbonator
may include a plurality of hollow fibers where an interior of the hollow fibers is part of liquid side and an exterior of the hollow fibers is part
of the gas side.

In another aspect of the disclosure, a method for forming a beverage includes providing a cartridge having an internal space that is sealed to
enclose a carbon dioxide source in the internal space that is in solid form and arranged to emit carbon dioxide gas, opening the cartridge
(such as by piercing) and causing the cartridge to emit carbon dioxide gas, and carbonating the liquid by dissolving at least a portion of the
carbon dioxide gas emitted from the carbon dioxide source in a liquid. The carbon dioxide gas may be located on a gas side of a membrane
and the liquid being located on a liquid side of the membrane. The membrane may be formed by a plurality of hollow fibers where the liquid
side is located at an interior of the fibers and the gas side is at an exterior of the fibers. A gas pressure at the gas side may be controlled
based on controlling an amount of liquid provided to the cartridge.

These and other aspects of the invention will be apparent from the following description and claims.
BRIEF DESCRIPTION OF THE DRAWINGS

Aspects of the invention are described with reference to the following drawings in which like numerals reference like elements, and
wherein:

FIG. 1 shows a illustrative embodiment of a beverage making system having a removable reservoir;

FIG. 2 shows a illustrative embodiment of a beverage making system having a contactor arranged to circulate precursor liquid;

FIG. 3 shows a illustrative embodiment of a beverage making system in which liquid is carbonated in a single pass through a carbonator;
FIG. 4 shows an illustrative embodiment of a beverage making system in which a gas cartridge is located in a carbonation reservoir;
FIG. 5 shows an illustrative embodiment of a cartridge chamber;

FIG. 6 shows an illustrative embodiment of gas and beverage medium cartridges joined together;

FIGs. 7 and 8 shown perspective and top views, respectively, of gas and beverage medium cartridges;

FIG. 9 shows an illustrative embodiment of a cartridge arranged to carbonate a liquid in the cartridge;

FIG. 10 shows an illustrative embodiment of a cartridge arranged to carbonate a liquid in the cartridge in an alternative orientation; and
FIG. 11 shows an illustrative embodiment of a cartridge having isolated chambers containing a gas source and a beverage medium.

DETAILED DESCRIPTION

It should be understood that aspects of the invention are described herein with reference to the figures, which show illustrative
embodiments. The illustrative embodiments described herein are not necessarily intended to show all embodiments in accordance with the
invention, but rather are used to describe a few illustrative embodiments. Thus, aspects of the invention are not intended to be construed
narrowly in view of the illustrative embodiments. In addition, it should be understood that aspects of the invention may be used alone or in
any suitable combination with other aspects of the invention.
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In accordance with one aspect of the invention, a fluid (such as water, water vapor, or other) may be provided to a carbon dioxide source in a
cartridge so as to cause the carbon dioxide source to emit carbon dioxide gas that is used to carbonate a liquid. In one embodiment, beverage
forming machine may include a carbon dioxide activating fluid supply arranged to provide fluid to a cartridge chamber for contact with the
carbon dioxide source so as to cause the carbon dioxide source to emit carbon dioxide gas. A carbon dioxide gas supply of the machine may
be arranged to conduct carbon dioxide gas emitted by the carbon dioxide source, under pressure greater than the ambient pressure, to a
precursor liquid to carbonate the precursor liquid. In some embodiments, the carbon dioxide source may be in solid form, such as a zeolite,
activated carbon or other molecular sieve that is charged with carbon dioxide, and the use of a cartridge may not only isolate the carbon
dioxide source from activating agents (such as water vapor in the case of a charged zeolite), but also potentially eliminate the need for a user
to touch or otherwise directly handle the carbon dioxide source.

Having a carbon dioxide activating fluid supply may enable the use of another aspect of the invention, i.e., a volume or other measure of the
fluid provided to the cartridge may be controlled to control the rate or amount of carbon dioxide that produced by the carbon dioxide source.
This feature can make the use of some carbon dioxide sources, such as a charged zeolite material, possible. For example, zeolites charged
with carbon dioxide tend to release carbon dioxide very rapidly and in relatively large quantities (e.g., a 30 gram mass of charged zeolite can
easily produce 1-2 liters of carbon dioxide gas at atmospheric pressure in a few seconds in the presence of less than 30-50ml of water). This
rapid release can in some circumstances make the use of zeolites impractical for producing relatively highly carbonated liquids, such as a
carbonated water that is carbonated to a level of 2 volumes or more. (A carbonation "volume" refers to the number of volume measures of
carbon dioxide gas that is dissolved in a given volume measure of liquid. For example, a 1 liter amount of "2 volume" carbonated water
includes a 1 liter volume of water that has 2 liters of carbon dioxide gas dissolved in it. Similarly, a 1 liter amount of "4 volume" carbonated
water includes a 1 liter volume of water that has 4 liters of carbon dioxide dissolved in it. The gas volume measure is the gas volume that
could be released from the carbonated liquid at atmospheric or ambient pressure and room temperature.) That is, dissolution of carbon
dioxide or other gases in liquids typically takes a certain amount of time, and the rate of dissolution can only be increased a limited amount
under less than extreme conditions, such as pressures within about 150 psi of ambient and temperatures within about +/- 40 to 50 degrees C
of room temperature. By controlling the rate of carbon dioxide production for a carbon dioxide source, the total time over which the carbon
dioxide source emits carbon dioxide can be extended, allowing time for the carbon dioxide to be dissolved without requiring relatively high
pressures. For example, when employing one illustrative embodiment incorporating one or more aspects of the invention, the inventors have
produced liquids having at least up to about 3.5 volume carbonation levels in less than 60 seconds, at pressures under about 40 psi, and at
temperatures around O degrees Celsius. This capability allows for a carbonated beverage machine to operate at relatively modest
temperatures and pressures, potentially eliminating the need for relatively expensive high pressure tanks, conduits and other components, as
well as extensive pressure releases, containment structures and other safety features that might otherwise be required, particularly for a
machine to be used in the consumer's home.

In another aspect of the invention, a portion of a precursor liquid that is used to form a beverage may be used to activate the carbon dioxide
source. This feature may help simplify operation of a beverage making machine, e.g., by eliminating the need for special activation
substances. As a result, a beverage making machine, or a method of forming a beverage, may be made less expensively and/or without
special purpose ingredients. For example, in the case of a machine making carbonated water, all that is needed to activate the carbon dioxide
source may be a portion of the water used to form the beverage. It should be understood, however, that other aspects of the invention need
not require the use of a portion of precursor liquid to activate a carbon dioxide source, and instead may use any suitable activating agent,
such as a citric acid in aqueous form that is added to a bicarbonate material. For example, the cartridge that includes the carbon dioxide
source may include (as part of the source), an activating agent whose addition to another component of the carbon dioxide source is
controlled to control carbon dioxide production.

FIG. 1 shows one illustrative embodiment that incorporates at least the aspects of providing a fluid to a cartridge and/or cartridge chamber to
activate a carbon dioxide source, as well as controlling the fluid flow to control carbon dioxide production, and the use of a portion of
beverage precursor liquid to activate a carbon dioxide source. The beverage making system 1 of FIG. 1 includes a beverage precursor liquid
2 that is contained in a reservoir 11. The beverage precursor liquid 2 can be any suitable liquid, including water (e.g., flavored or otherwise
treated water, such as sweetened, filtered, deionized, softened, carbonated, etc.), or any other suitable liquid used to form a beverage, such as
milk, juice, coffee, tea, etc. (whether heated or cooled relative to room temperature or not). The reservoir 11 is part of a beverage precursor
supply 10, which also includes a lid 12 that engages with the reservoir 11 to form a sealed enclosure, a pump 13 to circulate the precursor
liquid 2, and a nozzle, showerhead or other component 14 that serves to disperse the precursor liquid 2 in a headspace in the reservoir 11. Of
course, the precursor supply 10 may be arranged in other ways, e.g., to include additional or different components. For example, the
reservoir 11 and lid 12 may be replaced with a closed tank that has suitable inlet/outlet ports, the pump 13 and/or nozzle 14 may be
eliminated, and or other changes.

In this embodiment, the reservoir 11 is initially provided with the precursor liquid 2 by a user, who provides the liquid 2 in the reservoir 11,
e.g., from a water tap or other source. The user may also provide ice or other cooling medium in the reservoir 11 as desired, so as to cool the
ultimate beverage made. In other embodiments, the system 1 may include a refrigeration system or other cooling system (such as that found
in refrigerators, air conditioning units, thermoelectric cooling units, or other devices used to remove heat from a material) to cool the liquid
2. In some arrangements, cooling the precursor liquid 2 may help the carbonation process, e.g., because cooler liquids tend to dissolve
carbon dioxide or other gas more rapidly and/or are capable of dissolving larger amounts of gas. However, in one aspect of the invention, a
carbonated liquid may be cooled after the carbonation process is complete, e.g., just before discharge using a flow through chiller. This
feature may allow the system 1 to chill only the beverage, and not other portions of the system, such as the reservoir 11, carbonator, pump,
etc., reducing the heat output by the system 1. Although a user initially provides the beverage precursor liquid 2 in the reservoir 11, the
precursor supply 10 may include other components to provide liquid 2 to the reservoir 11, such as a plumbed water line, controllable valve,
and liquid level sensor to automatically fill the reservoir 11 to a desired level, a second water reservoir or other tank that is fluidly connected
to the reservoir 11 (e.g., such as a removable water tank found with some coffee making machines along with a pump and conduit to route
water from the removable tank to the reservoir 11), and other arrangements.

The beverage making system 1 also includes a carbon dioxide activating fluid supply 20 that provides a fluid to a cartridge 4 so as to
activate a carbon dioxide source 41 to release carbon dioxide gas. In this embodiment, the carbon dioxide source 41 is located in a portion of
the cartridge 4 and includes a charged adsorbent or molecular sieve, e.g., a zeolite material that has adsorbed some amount of carbon dioxide
gas that is released in the presence of water, whether in vapor or liquid form. Of course, other carbon dioxide source materials may be used,
such as charcoal or other molecular sieve materials, or source materials that generate carbon dioxide by chemical means, such as sodium
bicarbonate and citric acid (with the addition of water if the bicarbonate and acid are initially in dry form), or others. In addition, aspects of
the invention are not necessarily limited to use with carbon dioxide gas, but may be used with any suitable gas, such as nitrogen, which is
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dissolved in some beers or other beverages. In one embodiment, the charged adsorbent is a zeolite such as analcime, chabazite, clinoptilolite,
heulandite, natrolite, phillipsite, or stilbite. The zeolite may be naturally occurring or synthetic, and may be capable of holding up to about
20% carbon dioxide by weight or more. The zeolite material may be arranged in any suitable form, such as a solid block (e.g., in disc form),
particles of spherical, cubic, irregular or other suitable shape, and others. An arrangement that allows the zeolite to flow or be flowable, e.g.,
spherical particles, may be useful for packaging the zeolite in individual cartridges. Such an arrangement may allow the zeolite to flow from
a hopper into a cartridge container, for example, simplifying the manufacturing process. The surface area of the zeolite particles may also be
arranged to help control the rate at which the zeolite releases carbon dioxide gas, since higher surface area measures typically increase the
gas production rate. Generally, zeolite materials will release adsorbed carbon dioxide in the presence of water in liquid or vapor form,
allowing the zeolite to be activated to release carbon dioxide gas by the addition of liquid water to the zeolite.

The carbon dioxide activating fluid supply 20 in this embodiment includes a conduit that is fluidly coupled to the pump 13 and a valve 21
that can be controlled to open/close or otherwise control the flow of precursor liquid 2 into the cartridge 4. As can be seen, circulation of the
liquid 2 by the pump 13 can allow the activating fluid supply 20 to divert some (e.g., a first portion) of the precursor liquid 2 to the cartridge
chamber 3 to cause the creation of carbon dioxide gas, e.g., by opening the valve 21. Other arrangements or additions are possible for the
carbon dioxide activating fluid supply 20, such as a suitably sized orifice in the conduit leading from the pump 13 outlet to the cartridge 4, a
pressure-reducing element in the conduit, a flow-restrictor in the conduit, a flow meter to indicate an amount and/or flow rate of liquid into
the cartridge 4, and so on. In addition the liquid source 20 need not use precursor liquid 2 to activate the carbon dioxide source 41, but
instead may use a dedicated source of fluid for activation. For example, the carbon dioxide activating fluid supply 20 may include a syringe,
piston pump or other positive displacement device that can meter desired amounts of liquid (whether water, citric acid or other material) that
are delivered to the cartridge 4. In another embodiment, the activating fluid supply 20 may include a gravity fed liquid supply that has a
controllable delivery rate, e.g., like the drip-type liquid supply systems used with intravenous lines for providing liquids to hospital patients,
or may spray atomized water or other liquid to provide a water vapor or other gas phase activating fluid to the cartridge 4. Moreover,
although FIG. 1 suggests that the activating fluid supply 20 provides liquid to a top of the cartridge 4, the liquid source 20 may provide the
fluid to a bottom of the cartridge 4, e.g., to flood the bottom of the cartridge, or other suitable location. It is also conceivable that an
activating liquid can be provided in the cartridge with the carbon dioxide source 42, e.g., in a chamber that is pierced to allow contact of the
liquid with the source 42.

In accordance with one embodiment, the cartridge 4 (having one or more portions) may be located in a cartridge chamber 3 during carbon
dioxide production. As a result, the cartridge 4 may be made of a relatively flexible material or otherwise constructed so that the cartridge 4
cannot withstand a relatively high pressure gradient between the interior and exterior of the cartridge 4. That is, the cartridge chamber 3 may
contain any pressure generated by the carbon dioxide source 41 and support the cartridge 4 as necessary. In this illustrative embodiment, the
cartridge 4 is contained in a closed and sealed chamber 3 that has a space or gap surrounding all or most of the cartridge 4. The pressure
between the interior space of the cartridge 4 and the exterior of the cartridge 4 is allowed to equalize, e.g., by allowing some of the gas
emitted by the carbon dioxide source 41 to "leak" into the space around the cartridge 4, and so even if the cartridge 4 is made of a relatively
semi-rigid, flexible or weak material, the cartridge 4 will not burst or collapse. In alternate arrangements, the cartridge 4 may be made to fit
areceiving space in the cartridge chamber 3 so that the chamber 3 supports the cartridge 4 when pressure is built up inside the cartridge 4.
This support may be suitable to prevent the cartridge 4 from bursting or otherwise preventing the cartridge 4 from functioning as desired. In
yet other embodiments, the cartridge 4 may be made suitably robust (either in whole or in part) so as to withstand relatively high pressures
(e.g., 1 atm or more) in the cartridge interior space. In such a case, the cartridge chamber 3 need not function as much more than a physical
support to hold the cartridge 4 in place or otherwise establish a connection to the cartridge for gas output by the cartridge 4 and/or liquid
supply to the cartridge 4. In another embodiment, the cartridge may be mechanically robust enough to withstand pressures up to 90 psig,
e.g., like a conventional carbonated soft drink can.

A carbon dioxide gas supply 30 may be arranged to provide carbon dioxide gas from the cartridge chamber 3 to an area where the gas is
used to carbonate the liquid 2. The gas supply 30 may be arranged in any suitable way, and in this illustrative embodiment includes a
conduit 31 that is fluidly connected between the cartridge chamber 3 and the reservoir 11, and a filter 32 that helps to remove materials that
may contaminate the precursor liquid 2, such as particles from the carbon dioxide source 41. The gas supply 30 may include other
components, such as pressure regulators, safety valves, control valves, a compressor or pump (e.g., to increase a pressure of the gas), an
accumulator (e.g., to help maintain a relatively constant gas pressure and/or store gas), and so on. In this embodiment, the conduit 31
extends below the surface of the precursor liquid 2 in the reservoir 11 so that the carbon dioxide gas is injected into the liquid 2 for
dissolution. The conduit 31 may include a sparging nozzle or other arrangement to aid in dissolution, e.g., by creating relatively small gas
bubbles in the liquid 2 to increase the dissolution rate. Alternately, the conduit 31 may deliver the gas to a headspace (if present) in the
reservoir 11 rather than below the surface of the liquid 2.

Carbonation of the precursor liquid 2 may occur via one or more mechanisms or processes, and thus is not limited to one particular process.
For example, while carbon dioxide gas delivered by the conduit 31 to the reservoir 11 may function to help dissolve carbon dioxide in the
liquid 2, other system components may further aid in the carbonation process. In this illustrative embodiment, the precursor supply 10 may
assist in carbonating the liquid by circulating the liquid via the pump 13 and the nozzle 14. That is, liquid 2 may be drawn from the reservoir
13 via a dip tube 15 and sprayed by the nozzle 14 into a carbon dioxide-filled headspace in the reservoir 11. As is known in the art, this
process can help the liquid 2 to dissolve carbon dioxide gas, e.g., by increasing the surface area of liquid 2 exposed to gas. While in this
embodiment the dip tube 15 is separate from the reservoir 11 and extends below the surface of the precursor liquid 2, the dip tube 15 may be
arranged in other ways, such as being made integrally with the wall of the reservoir 11. If the dip tube 15 is made integrally with the
reservoir 11, connecting the reservoir 11 to the lid 12 may establish a fluid connection between the dip tube 15 and the pump 13. Forming
the dip tube 15 integrally with the reservoir 11 may allow the system 1 to accommodate differently sized (and thus different volume)
reservoirs 11. In addition, this arrangement may help ensure that only suitably configured reservoirs 11 (e.g., a container arranged to
withstand system pressures) is used. Alternately, the dip tube 15 could be made flexible or otherwise accommodate reservoirs 11 having a
different height. Whether integral with the reservoir 11 or not, the dip tube 15 may include a filter, strainer or other arrangement to help
prevent small particles, such as ice chips, from being drawn into the pump 13. In some embodiments, the reservoirs 11 can function as a
drinking glass as well as a reservoir 11 in the system 1. That is, a user may provide a reservoir/drinking glass 11 to the system 1 (e.g.,
including a desired amount of water, ice and/or beverage medium), and after carbonation is complete, use the reservoir/drinking glass 11 to
enjoy the beverage. The reservoir 11 may be insulated, e.g., to help keep a beverage cold, as well as made to withstand suitable pressures
experienced in use with the system 1.

The various components of the system 1 may be controlled by a controller 5, which may include a programmed general purpose computer
and/or other data processing device along with suitable software or other operating instructions, one or more memories (including non-



DK/EP 2531080 T3

transient storage media that may store software and/or other operating instructions), a power supply for the controller 5 and/or other system
components, temperature and liquid level sensors, pressure sensors, RFID interrogation devices, input/output interfaces (e.g., to display
information to a user and/or receive input from a user), communication buses or other links, a display, switches, relays, triacs, motors,
mechanical linkages and/or actuators, or other components necessary to perform desired input/output or other functions. In this illustrative
embodiment, the controller 5 controls the operation of the valve 21 of the activating fluid supply 20 as well as the pump 13 of the precursor
liquid supply 10. Also shown in FIG. 1 is a sensor 51, which may represent one or more sensors used by the controller 5. For example, the
sensor 51 may include a temperature sensor that detects the temperature of the precursor liquid in the reservoir 11. This information may be
used to control system operation, e.g., warmer precursor liquid temperatures may cause the controller 5 to increase an amount of time
allowed for carbon dioxide gas to be dissolved in the precursor liquid 2. In other arrangements, the temperature of the precursor liquid 2 may
be used to determine whether the system 1 will be operated to carbonate the liquid 2 or not. For example, in some arrangements, the user
may be required to add suitably cold liquid 2 (and/or ice) to the reservoir 11 before the system 1 will operate. (As discussed above, relatively
warm precursor liquid 2 temperatures may cause the liquid to be insufficiently carbonated in some conditions.) In another embodiment, the
sensor 51 may include a pressure sensor used to detect a pressure in the reservoir 11. This information may be used to determine whether the
reservoir 11 is improperly sealed to the lid 12 or another pressure leak is present, and/or to determine whether sufficient carbon dioxide gas
is being produced by the cartridge 4. For example, low detected pressure may cause the controller 5 to allow more liquid to be delivered by
the activating fluid supply 20 to the cartridge 4, or prompt the user to check that the reservoir 11 is properly engaged with the lid 12.
Likewise, high pressures may cause the flow of liquid from the activating fluid supply 20 to be slowed or stopped. Thus, the controller 5 can
control the gas pressure in the reservoir 11 and/or other areas of the system 1 by controlling an amount of liquid delivered to the cartridge 4
and/or the cartridge chamber 3. The sensor 51 may alternately, or additionally, detect that the reservoir 11 is in place, and/or whether the
reservoir 11 is properly engaged with the lid 12. For example, a switch may be closed when the reservoir 11 is properly seated on a seal of
the lid 12, indicating proper engagement. In another arrangement, the reservoir 11 may include an RFID tag or other electronic device that is
capable of communicating its identity or other characteristics of the reservoir 11 to the controller 5. This information may be used to confirm
whether the reservoir 11 is suitable for use with the system 1, to control certain operating conditions (e.g., an operating pressure may be
limited based on the type of reservoir used, the precursor liquid may be carbonated to a level that corresponds to the reservoir 11, and so on),
and/or for other uses. The sensor 51 could also detect the presence of a cartridge 4 in the chamber 3, e.g., via RFID tag, optical recognition,
physical sensing, etc. If no cartridge 4 is detected, or the controller 5 detects that the cartridge 4 is spent, the controller 5 may prompt the
user to insert a new or different cartridge 4. For example, in some embodiments, a single cartridge 4 may be used to carbonate multiple
volumes of precursor liquid 2. The controller 5 may keep track of the number of times that the cartridge 4 has been used, and once a limit
has been reached (e.g., 10 drinks), prompt the user to replace the cartridge. Other parameters may be detected by the sensor 51, such as a
carbonation level of the precursor liquid 2, the presence of a suitable vessel to receive a beverage discharged from the system 1 (e.g., to
prevent beverage from being spilled), the presence of water or other precursor liquid 2 in the reservoir 11 or elsewhere in the precursor
supply 10, a flow rate of liquid in the pump 13 or associated conduit, the presence of a headspace in the reservoir 11 (e.g., if no headspace is
desired, a valve may be activated to discharge the headspace gas, or if only carbon dioxide is desired to be in the headspace, a snifting valve
may be activated to discharge air in the headspace and replace the air with carbon dioxide), and so on.

To cause the beverage making system 1 to create a carbonated beverage, a user may first provide a desired amount of precursor liquid 2 in
the reservoir 11, along with optional ice and/or a beverage medium. Alternately, the carbonated liquid may be flavored after carbonation is
complete either by automated or manual means. The reservoir 11 is then engaged with the lid 12, such as by engaging a screw thread on the
reservoir 11 with the lid 12, activating a clamp mechanism, or other. A cartridge 4 containing a carbon dioxide source 41 (e.g., in solid form,
such as a charged zeolite) may be placed in the cartridge chamber 3 and the chamber 3 closed. The cartridge chamber 3 may operate in any
suitable way, e.g., like that found in many cartridge-based coffee or other beverage machines. For example, a manual lever may be operated
to lift a lid of the chamber 3, exposing a cartridge receiver portion of the chamber 3. With the cartridge 4 in the chamber 3, the lever may be
again activated to close the lid, sealing the chamber 3 closed. The controller 5 may then activate the system 1 to deliver liquid to the
chamber 3, e.g., to cause carbon dioxide to be generated. The controller 5 may start operation in an automated way, e.g., based on detecting
the presence of a cartridge 4 in the chamber 3, liquid 2 in the reservoir 11 and closure of the chamber 3. Alternately, the controller 5 may
start system operation in response to a user pressing a start button or otherwise providing input (e.g., by voice activation) to start beverage
preparation. The controller 5 may start operation of the pump 13, drawing liquid from the dip tube 15 and discharging the liquid 2 at the
nozzle 14. The valve 21 may be opened to deliver a suitable portion of the precursor liquid 2 to the chamber 3, and carbon dioxide gas
created may be provided to the reservoir 11 by the gas supply 30. Operation may continue for a preset amount of time, or based on other
conditions, such as a detected level of carbonation, a drop in gas production by the cartridge 4, or other parameters. During operation, the
amount of liquid provided to the chamber 3 may be controlled to control gas output by the cartridge 4. Control of the liquid provided to the
cartridge 4 may be made based on a timing sequence (e.g., the valve 21 may be opened for a period of time, followed by valve closure for a
period, and so on), based on detected pressure (e.g., liquid supply may be stopped when the pressure in the chamber 3 and/or reservoir 11
exceeds a threshold, and resume when the pressure falls below the threshold or another value), based on a volume of activating liquid
delivered to the chamber 3 (e.g., a specific volume of liquid may be delivered to the cartridge 4), or other arrangements. When complete, the
user may remove the beverage and reservoir 11 from the lid 12.

FIG. 1 shows only one illustrative embodiment of a beverage making system 1, but other arrangements are possible, including systems that
incorporate other aspects of the invention. For example, in one aspect of the invention, flavoring of a carbonated beverage may be done in
an automated way, and may occur in a cartridge. This feature may make the beverage formation process easier and more convenient for a
user, as well as help reduce the likelihood of cross contamination between beverages and/or the need to rinse a mixing chamber. That is, by
mixing a beverage medium with the precursor liquid in a cartridge (which may be disposable), each beverage made by the system 1 may
effectively be made using its own mixing chamber. For example, if a carbonated cherry beverage is made using the system 1, followed by
leinon beverage, there may be a possibility that the cherry flavor left behind in a mixing chamber will carry over into the subsequent lemon
beverage. Rinsing or other cleaning of a mixing chamber can help eliminate or reduce such flavor cross over, but mixing each beverage in a
cartridge may eliminate the need to rinse a mixing chamber or other system components entirely.

In another aspect of the invention, precursor liquid may be carbonated using a contactor (a type of carbonator) that includes a porous
membrane (e.g., that is porous at least to gas) having a gas side and a liquid side. Precursor liquid on the liquid side of the carbonator may be
exposed to gas on the gas side of the membrane, and since the membrane may be arranged to increase the surface area of the liquid exposed
to gas, dissolution of carbon dioxide or other gas into the precursor liquid may be done more rapidly than using other techniques. In one
embodiment, the carbonator may include a contactor with a hollow fiber arrangement in which hollow fibers made of a hydrophobic
material, such as polypropylene, carry the precursor liquid. The fibers are porous, having holes that, combined with the hydrophobicity of
the material, allow for contact of gas on the exterior of the fibers with the liquid while preventing the liquid from exiting the fiber interior.
Membrane contactors suitable for such use are made by Membrana of Charlotte, North Carolina, USA.
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In yet another aspect of the invention, a cartridge chamber of a beverage making system may be arranged to hold first and second cartridge
portions where the first cartridge portion contains a carbon dioxide source arranged to emit carbon dioxide gas for use in carbonating the
precursor liquid, and the second cartridge portion contains a beverage medium arranged to be mixed with a liquid precursor to form a
beverage. The cartridge chamber may have a single cartridge receiving portion for receiving both cartridge portions, or may include a
plurality of cartridge receiving portions that are separate from each other, e.g., for receiving two or more cartridges that are each associated
with a first or second cartridge portion. Such an arrangement may help simplify use of the system, particularly where the cartridge portions
are arranged for only a single use, e.g., formation of a single volume of beverage and discarded thereafter. For example, a user may be
enabled to place one or two cartridges that include the first and second cartridge portions in receiving portions of the cartridge chamber
without the need for establishing pressure-tight, leak-proof or other connections needed for the system to operate properly. Instead, the
cartridge portions may be simply placed in a receiver, and the cartridge chamber closed, making the system ready for beverage production.

FIG. 2 shows another illustrative embodiment that incorporates the aspects of using a membrane contactor to carbonate the precursor liquid
with a cartridge-provided gas, mixing a beverage medium with liquid in a cartridge, and the use of a cartridge chamber that receives first and
second cartridge portions that respectively contain a gas source and beverage medium. This embodiment is similar to that in FIG. 1 in many
ways, and may be modified to have one or more components like that in FIG. 1. However, certain alternate arrangements are shown in FIG.
2 to illustrate another few ways in which a beverage making system 1 may be modified in accordance with aspects of the invention. In this
embodiment, the reservoir 11 is a closed tank having no removable lid. The reservoir 11 may have any suitable volume, and is fluidly
coupled to a pump 13 that can circulate the precursor liquid 2 through a contactor 6 and back to the reservoir 11 via a nozzle 14. As
discussed above, the precursor liquid 2 may pass through hollow fibers in the contactor 6 to pick up carbon dioxide or other gas around the
fibers, but this arrangement could be reversed, with gas flowing in the fibers and the precursor liquid 2 located on the exterior of the fibers.
A filter 16 may be provided to remove materials in the precursor liquid 2 that might clog the fibers, pores in the fibers or otherwise interfere
with the operation of the contactor 6. Alternately, or in addition, the filter 16 may condition the liquid 2, e.g., by softening, removing
alkaline or other elements that tend to raise the pH of the liquid 2, by removing elements that may prevent the formation of a good tasting
beverage, and so on. For example, the filter 16 may include an activated charcoal and/or other components found in commonly used water
filters. The contactor 6 may be arranged to have a plurality of hollow fibers extending within a closed tube or other chamber so that the inner
passages of the fibers fluidly connects a fluid inlet of the contactor 6 to a fluid outlet. The gas space around the fibers may communicate
with the carbon dioxide supply 30 via one or more ports on the gas side of the contactor 6. It should be understood, however, that the
contactor 6 may be arranged in other ways, such as having one or more membranes in the form of a flat sheet or other forms other than
tubular to define a liquid side and a gas side of the contactor 6.

The activating fluid supply 20 is arranged similarly to that in FIG. 1, with a controllable valve 21 fluidly coupled to an output of the pump
13. However, in this embodiment, the activating fluid supply 20 introduces liquid near a bottom of the cartridge chamber 3 and the cartridge
4. This arrangement may help the activating fluid supply 20 to better control gas release from the carbon dioxide source 41. For example,
dropping water onto the carbon dioxide source 41 from the top may allow the water to spread over a wide area, allowing charged zeolites or
other source materials spread over a wide area to release gas. By providing liquid from below, the activating fluid supply 20 may flood the
cartridge 4 and/or chamber 3, thereby allowing water to contact source materials 41 starting from the bottom up. This may allow for closer
control of the volume of source materials 41 that are activated to release gas. In the case that the carbon dioxide source 41 can wick or
otherwise move water upwardly (such as by capillary action), portions of the source 41 may be separated from each other by non-wicking
agents. For example, the source 41 may include a set of stacked discs of zeolite material that are separated by a non-wicking material, such
as metal or solid plastic separators. This may allow the fluid supply 20 to stepwise increase the fluid level in the cartridge 4 over a period of
time to sequentially activate individual discs.

Gas produced by the cartridge 4 is routed by the gas supply 30 (via an optional filter 32 and conduit 31) to the gas side of the contactor 6.
The conduit 31 may include a water-buoyant check valve or other arrangement that allows gas to pass to the contactor 6, but prevents liquid
from exiting the cartridge chamber 3. For example, a floating ball in the cartridge chamber 3 may normally leave an opening of the conduit
31 free for gas flow, but may raise upwardly on the surface of liquid in the cartridge 4 to close the opening, e.g., in case that the activating
fluid supply 20 provides an excess of activating liquid. The controller 5 may monitor the gas pressure in the chamber 3, in the conduit 31
and/or in the gas side of the contactor 6 to control the activating fluid supply 20 and gas production. In one embodiment, the activating fluid
supply 20 may be controlled to provide approximately 35-45 psi gas pressure at the gas side of the contactor 6. This pressure has been found
to work at least adequately in carbonating about 400-500ml of water at a temperature of about 0 degrees C in about 30-60 seconds using a
hollow fiber contactor, as described in more detail below in the Examples. As carbon dioxide in the contactor is dissolved into the precursor
liquid 2, the pressure on the gas side will drop, prompting the controller 5 to supply additional liquid 2 to the cartridge 4a to cause additional
gas to be created. Similar to the system in FIG. 1, this process may be performed based on any criteria, such as the passage of a specific
amount of time, the detection of a specified level of carbonation of the liquid 2, exhaustion of the carbon dioxide source 41, a volume of
liquid delivered to the cartridge 4a, etc., so that a pressure of the carbon dioxide gas can be maintained within a desired range above ambient
pressure.

Once carbonation of the precursor liquid 2 is complete, the controller 5 may direct the liquid 2 to a beverage medium cartridge 4b in the
cartridge chamber 3. While the precursor liquid 2 may be caused to flow from the reservoir 11 in any suitable way (such as by gravity, a
pump, etc.), in this embodiment, the controller 5 activates an air pump 7 which pressurizes the reservoir 11 such that the precursor liquid 2 is
forced to flow via a conduit to the cartridge chamber 3 and the beverage medium cartridge 4b. In other embodiments, gas pressure created
by the carbon dioxide source 41 may be used to pressurize the reservoir 11 and drive the flow of the precursor liquid to the beverage
medium cartridge 4b. For example, when carbonation is complete, gas from the cartridge 4a may be routed directly into the reservoir 11
instead of to the contactor 6 so as to pressurize the reservoir 11. Although no valve is shown in the conduit that fluidly couples the reservoir
11 and the cartridge 4b, a controllable valve, pump or other suitable component may be added to control flow as desired. The use of air or
other gas to move liquid 2 through the cartridge 4b (or to expel beverage medium from the cartridge 4b) may allow the system 1 to "blow
down" the cartridge 4b at or near the end of the beverage process, e.g., to remove any remaining material from the cartridge 4b. This may be
useful in making the cartridge 4b less messy to handle (e.g., by reducing the likelihood that the cartridge 4b will drip when removed from
the chamber 3. A similar process may be used to blow down the cartridge 4a, e.g., using an air pump or gas produced by the source 41.

Flow of the precursor liquid 2 through the beverage medium cartridge 4b may cause the liquid 2 to mix with the beverage medium 42 before
being discharged, e.g., to a waiting cup 8 or other container. The beverage medium cartridge 4b may include any suitable beverage making
materials (beverage medium), such as concentrated syrups, ground coffee or liquid coffee extract, tea leaves, dry herbal tea, powdered
beverage concentrate, dried fruit extract or powder, natural and/or artificial flavors or colors, acids, aromas, viscosity modifiers, clouding
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agents, antioxidants, powdered or liquid concentrated bouillon or other soup, powdered or liquid medicinal materials (such as powdered
vitamins, minerals, bioactive ingredients, drugs or other pharmaceuticals, nutriceuticals, etc.), powdered or liquid milk or "other creamers,
sweeteners, thickeners, and so on. (As used herein, "mixing" of a liquid with a beverage medium includes a variety of mechanisms, such as
the dissolving of substances in the beverage medium in the liquid, the extraction of substances from the beverage medium, and/or the liquid
otherwise receiving some material from the beverage medium.) The liquid 2 may be introduced into the cartridge 4b in any suitable way,
and/or the cartridge 4b may be arranged in any suitable way to aid in mixing of the liquid 2 with the beverage medium 42. For example, the
precursor liquid 2 may be introduced into the cartridge 4b so as to cause a spiral or other flow pattern, the cartridge 4b may include a
labyrinth or other tortuous flow path to cause turbulence in the flow to aid in mixing, and so on. One potential advantage of mixing the
precursor liquid 2 in a beverage medium cartridge 4b is that cross contamination of beverage medium that may occur with the use of a
mixing chamber that is used to mix beverage medium and liquid 2 for every beverage made by the system 1 may be avoided. However, the
system 1 could be modified to employ a reused mixing chamber, e.g., a space where beverage medium 42 that is provided from a cartridge
4b and precursor liquid 2 are mixed together in much the same way that fountain drinks are formed by commercial drink machines. For
example, the beverage medium 42 could be driven from the cartridge 4b (e.g., by air pressure, carbon dioxide gas pressure created by the
cartridge 4a, by gravity, by suction created by an adductor pump, venturi or other arrangement, etc.) into a mixing chamber where the
precursor liquid 2 is also introduced. Rinsing of the mixing chamber may or may not be necessary, e.g., to help prevent cross contamination
between beverages. In some arrangements, the entire volume of beverage medium 42 may be discharged into the mixing chamber, causing
initial amounts of flavored precursor liquid 2 exiting the mixing chamber to have a high beverage medium concentration. However, as the
beverage medium 42 is swept from the mixing chamber by the precursor liquid 2, the precursor liquid itself may effectively rinse the mixing
chamber.

The embodiment of FIG. 2 could be modified so that flow of precursor liquid 2 exiting the contactor 6 is routed directly to the beverage
medium cartridge 4b or to another mixing chamber where beverage medium 42 is mixed with the carbonated precursor liquid 2, e.g., like
that shown in FIG. 3. That is, in this illustrative embodiment, carbonated precursor liquid 2 does not circulate from the reservoir 11, through
the contactor 6 and back to the reservoir 11, but instead precursor liquid 2 makes a single pass through the contactor 6 and then proceeds to
mixing with the beverage medium 42 in a mixing chamber 9 and discharge to a cup 8. The mixing chamber 9 may take any suitable form,
e.g., may cause the precursor liquid 2 and beverage medium 42 to move in a spiral, swirl or other fashion to enhance mixing, may have one
or more motor driven blades, impelles or other elements to mix contents in the chamber 9, and so on. The mixing chamber 9 may be cooled
as well, e.g., by a refrigeration system, to help cool the beverage provided to the cup 8. Alternately, the precursor liquid 2 may be cooled in
the reservoir 11 and/or any other locations in the system 1. In the case where the carbonated liquid 2 is not flavored or where the liquid 2 is
mixed with the beverage medium 42 before passing through the carbonator 6, the mixing chamber 9 may be eliminated or arranged to mix
the precursor liquid 2 and beverage medium 42 upstream of the contactor 6. Alternately, the precursor liquid supply 10 may be arranged to
mix the precursor liquid 2 with the beverage medium 42 in the cartridge 4b prior to routing the liquid 2 to the contactor 6. The controller 5
may detect the gas pressure on the gas side of the contactor 6, and control fluid supply to the cartridge 4a accordingly, e.g., to maintain a
suitable gas pressure in the contactor 6. The reservoir 11 may be a water storage tank that is not pressurized in this embodiment, and may be
removable from the system 1, e.g., to make filling by a user easier. The user may add ice and/or beverage medium to the precursor liquid 2
in the reservoir 11, if desired. Alternately, the reservoir 11 and pump 13 may be replaced by a plumbed connection to a pressurized water
supply and an optional control valve and/or pressure reducer. Of course, as with other embodiments, the system 1 may be suitably enclosed
in a housing having a visible display, user input buttons, knobs, or touch screen, user-operated devices for opening/closing a cartridge
chamber, and other features found in beverage making machines.

Other arrangements for a beverage forming system 1 are possible, such as that shown in FIG. 4. In this illustrative embodiment, the cartridge
chamber 3 is combined with the reservoir 11 such that the cartridge 4a having a carbon dioxide source 41 is located in the reservoir 11. The
cartridge 4a may be placed in the reservoir 11/cartridge chamber 3 by removing the lid 12 from the reservoir 11. Liquid may be provided to
the cartridge 4a by any suitable activating fluid supply 20, such as an arrangement like that in FIG. 1, a syringe or piston pump that delivers
a metered amount of liquid to the cartridge 4a, and others. In this embodiment, the carbon dioxide supply 30 is combined with the reservoir
11 such that a portion of the reservoir functions to deliver carbon dioxide gas to the precursor liquid 2. The pump 13 may aid the
carbonation process by circulating the liquid 2 and spraying the liquid 2 into a carbon dioxide-filled headspace in the reservoir 11. In another
embodiment, a contactor 6 may be provided in the reservoir 11 (e.g., at the location of the nozzle 14) so that the liquid 2 flows through
hollow fibers extending downwardly from the lid 12 while carbon dioxide in the headspace is absorbed by the liquid while passing through
the fibers. In yet another arrangements, the membrane portions of a contactor 6 may be at least partially submerged in the precursor liquid 2,
and gas from the source 41 may be passed through hollow fibers of the contactor 6. As a result, the liquid 2 on the outside of the fibers may
pick up carbon dioxide from the gas passing through the fibers.

While the cartridge chamber 3 may be arranged in any suitable way, FIG. 5 shows one illustrative arrangement in which both a carbon
dioxide source cartridge 4a and a beverage medium cartridge 4b can be received by the same cartridge chamber 3. In this embodiment, the
cartridges 4a, 4b (which respectively have a portion that contains a gas source 41 and beverage medium 42) are received in separate
cartridge receivers 33, and each cartridge receiver 33 may include a piercing element 34 at a bottom of the cartridge receiver 33. The
piercing element 34, which may include a hollow needle, spike, blade, knife or other arrangement, may form an opening in the respective
cartridge 4. Alternately, the cartridges 4 may have defined openings, e.g., one or more ports, that include a septum or other valve-type
element that permits flow into and/or out of the cartridge 4. Similarly, the lid 12 may include piercing element 35 that form an opening in
the top of the respective cartridge 4, e.g., when the lid 12 is closed. When closed, the lid 12 may form a sealed chamber in which the
cartridges 4a, 4b are located and isolated from each other. The openings formed in the cartridges 4a, 4b may allow for communi cation with
the interior space of the cartridges 4a, 4b as outlined in FIG. 5. For example, an opening at the top of the cartridge 4a may allow carbon
dioxide or other gas to exit the cartridge chamber 3, while the opening at the bottom of the cartridge 4a may allow for water or other
activating fluid to enter the cartridge 4a. Of course, the openings may be formed in other locations, such as an opening for allowing fluid
input to occur at the top or side of the cartridge. Likewise, gas may exit the cartridge through a bottom, side or otherwise located opening.
As mentioned above, gas may be permitted to leak from the cartridge 4a into the space in the cartridge chamber 3 around the cartridge 4a,
e.g., through the opening in the cartridge 4a, through a hole or other opening in the piercing element 35, etc. This may allow the pressure
around the cartridge to equalize with the pressure inside the cartridge during gas production, helping to prevent bursting of the cartridge 4a.
Alternately, the cartridge 4a may fit closely into the cartridge receiver 33 so that the cartridge chamber 3 can support the cartridge 4a (if
necessary). The opening in the top of the beverage medium cartridge 4b may allow for precursor liquid 2 to be introduced into the cartridge
4b (e.g., for mixing with the beverage medium), or for pressurized air or other gas to enter the cartridge (e.g., for forcing the beverage
medium 42 from the cartridge 4b and into a mixing chamber). The opening at the bottom of the cartridge 4b may allow for beverage to exit
to a waiting cup or other container, or for the beverage medium to travel to a mixing chamber. As with the cartridge 4a, opening in the
beverage medium cartridge 42 may be arranged in any suitable location or locations.
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The cartridge chamber 3 may open and close in any suitable way to allow cartridges 4 to be placed in and/or removed from the chamber 3.
In the FIG. 5 embodiment, the lid 12 is pivotally mounted to the receiver portion of the chamber 3, and may be opened and closed manually,
such as by a handle and linkage arrangement, or automatically, such as by a motor drive, to close the cartridge receivers 33. In other
embodiments, the lid 12 may have two or more sections that are each associated with a respective cartridge receiver 33. Thus, the lid
sections can be moved independently of each other to open/close the cartridge receivers 33. Of course, the lid 12 may be arranged in other
ways, such as being engaged with the receivers 33 by a threaded connection (like a screw cap), by the receivers 33 moving away and toward
the lid 12 while the lid 12 remains stationary, by both the lid and receiver portion moving, and so on. In addition, a cartridge chamber 3 need
not necessarily have a lid and receiver arrangement like that shown in FIG. 5, but instead may have any suitable member or members that
cooperate to open/close and support a cartridge. For example, a pair of clamshell members may be movable relative to each other to allow
receipt of a cartridge and physical support of the cartridge. Some other illustrative cartridge chamber arrangements are shown, for example,
in U.S. Patents 6,142,063; 6,606,938; 6,644,173; and 7,165,488. As mentioned above, the cartridge chamber 3 may allow a user to place one
or more cartridges in the chamber 3 without the need for the user to take special steps to establish a pressure-tight, leak-proof or other
specialized connection between the cartridge and other portions of the system 1. Instead, in some embodiments, the user may be able to
simply place the cartridge in a receiving space, and close the cartridge chamber.

The cartridges 4 used in various embodiments may be arranged in any suitable way, such as a relatively simple frustoconical cup-shaped
container having a lid attached to the top of the container, e.g., like that in some beverage cartridges sold by Keurig, Incorporated of
Reading, Mass. and shown in U.S. Patent 5,840,189, for example. In one embodiment, a cartridge having a frustoconical cup-shaped
container and lid may have an approximate diameter of about 30-50mm, a height of about 30-50mm, an internal volume of about 30-60 ml,
and a burst resistance of about 80 psi (i.e., a resistance to cartridge bursting in the presence of a pressure gradient of about 80 psi from the
inside to outside of the cartridge in the absence of any physical support for the cartridge). However, as used herein, a "cartridge" may take
any suitable form, such as a pod (e.g., opposed layers of filter paper encapsulating a material), capsule, sachet, package, or any other
arrangement. The cartridge may have a defined shape, or may have no defined shape (as is the case with some sachets or other packages
made entirely of flexible material. The cartridge may be impervious to air and/or liquid, or may allow water and/or air to pass into the
cartridge. The cartridge may include a filter or other arrangement, e.g., in the beverage medium cartridge 4b to help prevent some portions
of the beverage medium from being provided with the formed beverage, and/or in the gas cartridge 4a to help prevent carbon dioxide source
material from being introduced into the beverage or other system components.

In one aspect of the invention, the cartridge or cartridges used to form a beverage using the beverage making system may have a volume that
is less, and in some cases substantially less, than a beverage to be made using the cartridge(s). For example, if carbon dioxide and beverage
medium cartridges 4 are used, the cartridges may each have a volume that is about 50 ml or less, and be used to form a beverage having a
volume of about 200-500 ml or more. The inventors have found (as shown in some of the Examples below) that an amount of charged
carbon dioxide adsorbent (e.g., a charged zeolite) of about 30 grams (which has a volume of less than 30ml) can be used to produce about
400-500 ml of carbonated water having a carbonation level of up to about 3.5 volumes. Moreover, it is well known that beverage-making
syrups having a volume of less than 50ml can be used to make a suitably flavored beverage having a volume of about 400-500 ml. Thus,
relatively small volume cartridges (or a single cartridge in some arrangements) having a volume of about 100 ml or less may be used to form
a carbonated beverage having a volume of about 100 to 1000 ml, and a carbonation level of about 1.5 to 4 volumes in less than 120 seconds,
e.g., about 60 seconds, and using pressures under 50 psi.

‘While the carbon dioxide and beverage medium cartridges 4 can be provided separately, in one embodiment, the cartridges 4 may be joined
together, like that shown in FIG. 6. The cartridges 4a, 4b may be connected together by any suitable arrangement, such as tabs 43 that
extend from respective cartridges 4a, 4b and are attached together, e.g., by thermal welding, adhesive, interlocking mechanical fasteners
such as snaps or clips, etc. This arrangement may allow the cartridges 4a, 4b to be made separately in the manufacturing setting, e.g.,
because the cartridges require very different processes for manufacturing. For example, the beverage medium cartridge 4b may require a
highly sterile environment, whereas the gas cartridges 4a need not be made in such an environment. In contrast, the gas cartridges 4a may
need to be manufactured in a water vapor-free environment, whereas the beverage medium cartridge 4b may not be subject to such
requirements. After manufacture of the cartridges 4a, 4b the cartridges may be attached together in a way that prevents their separation
without the use of tools (such as a scissor) and/or damage to one or both of the cartridges. The cartridge chamber 3 may be arranged to
accommodate the attached cartridges, allowing a user to place a single item in the chamber 3 to form a beverage. In addition, the cartridges 4
and/or the way in which the cartridges are attached, together with the arrangement of the cartridge chamber 3 may help ensure that the gas
cartridge 4a and beverage medium cartridge 4b are placed in the proper cartridge receiver 33. For example, the cartridges 4 may have
different sizes, shapes or other configurations so that the combined cartridges 4 cannot be placed into the chamber 3 in the wrong
orientation. Alternately, the controller 5 may detect that the cartridges have been improperly placed (e.g., by communicating with an RFID
tag on one or both of the cartridges, by optically or otherwise identifying the cartridges, etc.), and prompt the user to make a change as
necessary.

FIGs. 7 and 8 show another embodiment in which a pair of cartridges are joined together in a way that helps prevent improper placement of
the cartridges in a chamber and/or enables the cartridges to operate in other orientations. As shown in FIG. 7, the cartridges 4a and 4b are
attached by a connection 43 such that with the cartridge 4a arranged in an upright orientation with the container bottom 44 facing downward
and the lid 45 covering the top of the container facing upward, the cartridge 4b is on its side with the lid 45 facing to the side. FIG. 8 shows
a top view of the embodiment, with the lid 45 of the cartridge 4a facing the viewer and the lid 45 of the cartridge 4b facing downwardly.
This arrangement may be useful in embodiments where the cartridges 4 are pierced only at the lid area, e.g., are not pierced in the bottom 44
or other portions of the container. That is, the gas cartridge 4a may be pierced at the lid 45 to allow liquid to be introduced into the cartridge
4a, and to allow gas to exit. Similarly, the lid 45 of the cartridge 4b may be pierced to allow liquid to be introduced into the cartridge 4b for
mixing with the beverage medium 42 and to allow a flavored beverage to exit the cartridge 4b. Avoiding piercing of the container may be
useful in arrangements where the container is made of a relatively thick and/or rigid material (e.g., to withstand operating pressures for the
cartridge 4).

In another aspect of the invention, a single cartridge may be used to provide a carbonating gas as well as a beverage medium. In fact, in
some embodiments, the precursor liquid can be both carbonated and flavored in the same cartridge. For example, FIG. 9 shows a cross
sectional view of a cartridge 4 that includes both a gas source 41 (e.g., a zeolite carbon dioxide source) and a beverage medium 42. In this
embodiment, the cartridge 4 includes first and second chambers (or portions) 46, 47 that respectively contain the gas source 41 and the
beverage medium 42. The first and second chambers (or portions) 46, 47 may be separated from each other by a permeable element, such as
a filter, or an impermeable element, such as a wall molded with the cartridge container. In this embodiment, the first and second chambers
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(or portions) 46, 47 are separated by a filter 48 that is attached to the lid 45, but could be arranged in other ways. Precursor liquid and/or an
activating liquid may be introduced into the first chamber 46 by a piercing element 35 or other arrangement, such as a port formed as part of
the cartridge 4. The interior space of the cartridge 4 may be maintained under pressure, e.g., 30-150 psi above ambient or greater, so that
dissolution of carbon dioxide gas released by the source 41 occurs more rapidly than would occur at lower pressures. In addition, the system
1 arranged to use such cartridges may include a backpressure valve or other arrangement that helps to maintain a suitable pressure in the
cartridge 4, e.g., as an aid to carbonation. As mentioned above, a cartridge chamber 3 that holds the cartridge 4 may be arranged to closely
fit the cartridge 4 as needed to support the cartridge and prevent the cartridge from bursting. Alternately, pressure in the cartridge 4 may be
allowed to leak into a space around the cartridge 4 to equalize the pressures inside and outside of the cartridge. Carbonated precursor liquid
2 and/or a liquid/gas bubble mixture may pass through the filter 48 into the second chamber 47 for mixing with the beverage medium 42.
Thereafter, the precursor liquid 2 and beverage medium 42 mixture may exit the cartridge 4, e.g., through a piercing element 34 at the
container bottom 44. Dissolution of carbon dioxide into the precursor liquid 2, as well as mixing of the beverage medium 42 with the liquid
2, may continue after the materials exit the cartridge 4. For example, a mixing chamber may be located downstream of the cartridge 4 to
help more thoroughly mix the beverage medium and liquid if needed. Also, a conduit downstream of the cartridge may help continue
dissolution of gas, e.g., by maintaining pressure in the liquid.

In the embodiments above, the cartridge 4 has been described to have a defined bottom and top with the cartridge operating in an upright
configuration. However, as suggested in connection with FIGs. 7 and 8, a cartridge may be operated in any suitable orientation. For
example, FIG. 10 shows an embodiment in which a cartridge configured like that in FIG. 9 is used while the cartridge 4 is on its side. (Note
that the cartridge 4b in FIGs. 7 and 8 may be used in a similar way to that shown in FIG. 10.) Precursor liquid may be introduced into the
first chamber (or portion) 46 (e.g., via the piercing element 35), causing the gas source 41 to emit gas and at least partially flooding the
cartridge 4 interior space. As with the FIG. 9 embodiment, the liquid may be carbonated and mix with the beverage medium 42 before
exiting the cartridge, e.g., via the piercing element 34.

As also mentioned above, a single cartridge 4 may be arranged to have first and second chambers 46, 47 that are isolated from each other.
FIG. 11 shows one such embodiment in which first and second chambers (or portions) 46, 47 are separated by a wall 49. A cartridge like
that shown in FIG. 11 may be used, for example, in a system 1 like that shown in FIG. 2, although the cartridge chamber 3 may need to be
modified to accommodate the single cartridge 4. As shown in FIG. 11, in one embodiment, activating liquid may be provided via a piercing
element 35 at a top of the first chamber (or portion) 46, and gas may exit via the same or a different opening. Alternately, activating liquid
may be introduced via the piercing element 34 at the bottom of the first chamber (or portion) 46, and gas may exit via the piercing element
35 at the top. In yet another embodiment, precursor liquid may be introduced at the top piercing element 35 and carbonated liquid may exit
via the bottom piercing element 34. The first chamber (or portion) 46 may include a filter or other suitable components, e.g., to help prevent
the gas source 41 from exiting the chamber (or portion) 46. Regarding the second chamber (or portion) 47, air or other gas may be
introduced via the piercing element 35 at a top of the second chamber (or portion) 47, causing beverage medium 42 to be moved out of the
piercing element 34 at the bottom of the second chamber (or portion) 47. Alternately, precursor liquid may be introduced via the piercing
element 35 at a top of the second chamber 47, may mix with the beverage medium 42 and exit the cartridge 4 out of the piercing element 34.
As discussed above, the piercing element 34, 35 arrangement in this illustrative embodiment should not be interpreted as limiting aspects of
the invention in any way. That is, piercing elements need not be used, but instead flow into/out of the cartridge 4 may occur through defined
ports or other openings in the cartridge 4. Also, flow ports or other openings in the cartridge need not necessarily be located at the top,
bottom or other specific location.

The cartridge(s) may be made of any suitable materials, and are not limited to the container and lid constructions shown herein. For
example, the cartridge(s) may be made of, or otherwise include, materials that provide a barrier to moisture and/or gases, such as oxygen,
water vapor, etc. In one embodiment, the cartridge(s) may be made of a polymer laminate, e.g., formed from a sheet including a layer of
polystyrene or polypropylene and a layer of EVOH and/or other barrier material, such as a metallic foil. Moreover, the cartridge(s) materials
and/or construction may vary according to the materials contained in the cartridge. For example, a gas cartridge 4a may require a robust
moisture barrier, whereas a beverage medium cartridge 4b may not require such a high moisture resistance. Thus, the cartridges may be
made of different materials and/or in different ways. In addition, the cartridge interior may be differently constructed according to a desired
function. For example, a beverage medium cartridge 4b may include baffles or other structures that cause the liquid/beverage medium to
follow a tortuous path so as to encourage mixing. The gas cartridge 4a may be arranged to hold the gas source 41 in a particular location or
other arrangement in the interior space, e.g., to help control wetting of the source 41 with activating liquid.

Example 1

The release properties of a carbon dioxide adsorbent were measured in the following way: 8 x 12 beads of sodium zeolite 13X (such as are
commercially available from UOP MOLSIV Adsorbents) were obtained. The beads were placed in a ceramic dish and fired in a Vulcan
D550 furnace manufactured by Ceramco. The temperature in the furnace containing the beads was raised to 550 °C at a rate of 3 °C/min and
was held at 550 °C for 5 hours for firing and preparation of the beads for charging with carbon dioxide.

The beads were removed from the furnace and immediately transferred to a metal container equipped with a tightly fitted lid and entrance
and exit ports permitting circulation of gas. With the beads sealed in the container, the container was flooded with carbon dioxide gas and
pressurized to 15 psig. (Note, however, that experiments have been performed between 5-32 psig.) The chamber was held at the set pressure
for 1 hour. During this hold period the chamber was bled every 15 min. At the end of this period a quantity of gas had adsorbed to the beads.

A 30g sample of charged 13X zeolite was measured, and a beaker filled with 250ml of water at room temperature of 22°C. The beaker and
water was placed on a balance and the balance zeroed. The 30g of charged zeolite was then added to the beaker and the change in weight
versus time was measured. It was shown that the change in weight became approximately steady after a period of 50 seconds, and that the
beads lost about 4.2 g (14 wt%) of weight attributed to the release of carbon dioxide. Of course, some carbon dioxide may have been
dissolved into the water.

Time (sec) Weight (grams)
0 :
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Example 2

Charged zeolite 13X was prepared as in Example 1. A 30 g sample of the charged zeolites was then placed in metal chamber with a water
inlet port at the bottom and a gas outlet port at the top. The chamber that held the zeolites was 34 x 34 mm in cross section and had 2 metal
filter discs with 64 1/16" diameter holes to retain the zeolite material. Tap water was then flooded into the bottom of the chamber
perpendicular to the cross-section at an average flow rate of 60 ml/min. Gas evolved through the top outlet port.

The pressure of the gas in the chamber was measured with a pressure gauge and controlled using a needle valve attached to the exit port of
the gas chamber. The needle valve was set to maintain the chamber at a pressure of 35 psig by manually adjusting the valve over the course
of exposing charged zeolites in the chamber to water. Once the valve was set to an operating pressure, the system would perform repeatably
with zeolite samples charged in the same manner.

Example 3

Charged zeolite 13X was prepared as in Example 1. A 30 g sample of the charged zeolites was then placed in a semi rigid 50 ml
polystyrene-polyethylene-EVOH laminate cup container and thermally sealed with a foil lid. The sealed zeolite cartridges were then placed
into a sealed, metal cartridge chamber and pierced on the top and bottom.

Tap water was introduced at the bottom of the cartridge with the flow controlled by a solenoid valve. The solenoid valve was actuated via a
pressure switch connected to the top gas outlet of the cartridge chamber. During three different tests, the pressure switch was set to three
different operating pressures of 5, 22, and 35 psig. The resulting gas at the set pressures was then introduced into the shellside of a
hydrophobic membrane contactor (1x5.5 Minimodule from Liquicel, of Charlotte, North Carolina). The other shellside port was plugged to
prevent gas from escaping. Water from a reservoir containing 400ml of water and approximately 50 g of ice was circulated from the
reservoir, through the contactor, and back to the reservoir (e.g., like that shown in FIG. 2) using an Ulka (Milan, Italy) type EAX 5 vibratory
pump through the lumenside of the membrane contactor. The pressure of the reservoir and contactor was maintained at the same pressure as
the gas was produced. The system produced gas and circulated the water for approximately 60 seconds before being stopped.

The resulting carbonated water was then tested for carbonation levels using a CarboQC from Anton-Paar of Ashland, Virginia. The results
for are shown in the table below:

Thus, the gas was shown to evolve from the zeolites in the cartridges at a controllable rate (based on water delivery to the cartridge
chamber) and then dissolved into water to produce a carbonated beverage. In addition, this illustrates the concept that by controlling system
pressures one can control the level of carbonation of the finished beverage. It is expected that higher system pressures, e.g., of about 40-50
psi above ambient, would produce a 4 volume carbonated beverage (having a liquid volume of about 500 ml) in about 60 seconds or less.

Having thus described several aspects of at least one embodiment of this invention, it is to be appreciated that various alterations,
modifications, and improvements will readily occur to those skilled in the art. Such alterations, modifications, and improvements are
intended to be part of this disclosure, and are intended to be within the spirit and scope of the invention. Accordingly, the foregoing
description and drawings are by way of example only.
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Patentkrav

1. Drikkevarefremstillingssystem (1), der omfatter:

en tilfgrsel af drikkevaregrundvaeske (10) til tilvejebringelse
af en grundvaeske (2);

et patronkammer (3), der er indrettet til at indeholde en
patron (4);

en patron, der inkluderer et indre rum (46), der indeholder en
kulsyrekilde (41), der er indrettet til at udsende kulsyregas
til anvendelse til kulsyretilsetning til grundvesken (2);

en tilfgrsel af kulsyreaktiverende vaske (20), der er
indrettet til at tilfore vaske til patronen (4) i
patronkammeret (3), sa den kommer kontakt med kulsyrekilden
(41), til forarsagelse af at kulsyrekilden (41) udsender
kulsyregas; og

en tilfgrsel af kulsyregas (30), der er indrettet til at lede
kulsyregas, der udsendes af kulsyrekilden (41) under tryk, der
er steorre end det omgivende tryk, til grundvaeske, der tilfegres
via tilfgrslen af drikkevaregrundvaeske (10), til
kulsyretilsetning til grundvesken, der er kendetegnet ved, at
kulsyrekilden (41) er i fast form, der har adsorberet kulsyre,
og tilfgrslen af kulsyreaktiverende vaske (20) er indrettet
til at levere kontrollerede mengder af vaske pa separate,
sekventielle tidspunkter til patronkammeret (3) til kontrol af

mengden af kulsyregas, der udsendes af kulsyrekilden (41).

2. System ifelge krav 1, hvor tilferslen af
kulsyreaktiverende vaske (20) er indrettet til at kontrollere

trykket i1 patronkammeret (3).

3. System ifglge krav 1, hvor patronen (4) omfatter en
enkelt beholder, der definerer et forseglet indre rum med et
fgrste og andet kammer (46, 47), der er adskilt af en
uigennemtraengelig wvaeg (49) og er isoleret fra hinanden, hvor
det fgrste kammer (46) indeholder kulsyrekilden, og det andet
kammer (47) indeholder et drikkevaremedium (42) til blanding
med den kulsyretilsatte grundvaske (2).
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4. System ifglge krav 3, hvor patronkammeret (3) er
indrettet til at indfere gas under tryk i det andet kammer
(47), mens den enkelte beholder er indeholdt i1 patronkammeret
(3), til transport af drikkevaremediet (42) ud af det andet
kammer (47) til blanding med grundvaesken (2).

5. System ifelge krav 1, hvor tilferslen af
drikkevaregrundvaeske (10) inkluderer et reservoir (11), der
indeholder grundvaske, og gastilferslen (30) tilfgrer
kulsyregas til reservoiret (11) til kulsyretilsetning til

grundvaesken (2) 1 reservoiret (11).

6. System ifglge krav 1, hvor patronkammeret (3) er
indrettet til at indeholde patronen (4) i et forseglet rum

under et tryk, der er hgjere end det omgivende tryk.

7. System ifglge krav 1, hvor tilfgrslen af
kulsyreaktiverende vaske (20) er indrettet til at tilfgre en
ferste del af grundvaesken (2) til patronkammeret (3) til

aktivering af kulsyrekilden (41).

8. System ifelge krav 1, hvor tilferslen af
kulsyreaktiverende wvaske (20) er indrettet til at tilfere
vaske til patronkammeret (3), mens patronkammeret (3) er under

et trvk, der er hgjere end det omgivende tryk.

9. System ifglge krav 1, hvor patronen (4) har et wvolumen,
der er mindre end et volumen af kulsyretilsat drikkevare, der

dannes ved anvendelse af patronen (4).

10. Fremgangsmade til anvendelse af en
drikkevarefremstillingsmaskine (1) til fremstilling af en
drikkevare, der omfatter:

tilvejebringelse af en patron (4) med et indre rum, der
indeholder en kulsyrekilde (41);

tilvejebringelse af en wvaske til patronen (4), mens patronen
er i et indesluttet rum i et patronkammer (3) i

drikkevarefremstillingsmaskinen (1) til fordrsagelse af, at
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kulsyrekilden (41) udsender kulsyre;

kulsyretilsaetning til en grundvaeske (2) ved oplegsning af
mindst en del af kulsyren, der udsendes fra kulsyrekilden
(41), 1 grundvaesken (2); og

blanding af grundvasken (2) med et drikkevaremedium (42) til
fremstilling af en drikkevare, der er kendetegnet ved, at
kulsyrekilden (41) er 1 fast form med adsorberet kulsyre, og
ved, at fremgangsmaden vyderligere inkluderer kontrol af
mengden af vaeske, der tilferes til patronen (4) over et
tidsrum, til kontrol af mengden af kulsyregas, der udsendes af
kulsyrekilden (41) i lgbet af tidsrummet, idet vasken tilfgres
pa separate sekventielle tidspunkter og 1 kontrollerede

mengder til patronen (4).

11. Fremgangsmade ifglge krav 10, hvor  patronen (4)
inkluderer en enkelt Dbeholder, der definerer et forseglet
indre rum med et fgrste og andet kammer (46, 47), der er
adskilt af en uigennemtrengelig wveg (49) og er isoleret fra
hinanden, hvor det fgrste kammer (46) indeholder kulsyrekilden
(41), og det andet kammer (47) indeholder et drikkevaremedium

(42) til blanding med grundvaesken (2).

12. Fremgangsmade ifglge krav 11, der vyderligere omfatter
tilfgrsel af gas under tryk i det andet kammer (47), mens den
enkelte beholder er indeholdt i patronkammeret (3), til
transport af drikkevaremediet (42) ud af det andet kammer (47)
til blanding med grundvasken (2).

13. Fremgangsmade ifglge krav 10, hvor kulsyrekilden (41) er

en ladet zeolit.

14. Fremgangsmade ifglge krav 10, hvor trinet
kulsyretilsetning inkluderer tilfgrsel af kulsyregas til et
reservolir (11), der indeholder grundvaske (2), til

kulsyretilsetning til grundveasken.

15. Fremgangsmade ifelge krav 10, hvor trinet tilfgrsel af

veske til patronen (4) inkluderer tilfgrsel af vaeske ind i et
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patronkammer (3), der indeholder patronen (4) 1 det lukkede
rum, og trinet kontrol af en mengde inkluderer kontrol af

mengden af veske, der tilfgres til patronkammeret (3).

16. Fremgangsmade ifglge krav 10, der vyderligere omfatter
gennemboring af patronen (4) ved anvendelse af
drikkevarefremstillingsmaskinen (1) til tilfersel af wvaeske til

patronen (4).

17. Fremgangsmade ifelge krav 10, hvor trinet tilfgrsel af
veske omfatter tilfgrsel af en forste del af grundvaesken (2)

til patronen (4) til aktivering af kulsyrekilden.

18. Fremgangsmade ifglge krav 10, hvor kulsyrekilden
inkluderer en ladet zeolit, og trinet kontrol af mengden af
vaeske, der tilferes til patronen (4), omfatter kontrol af
vaeske, der tilfegres til patronen (4), til forarsagelse af at
den ladede =zeolit udsender kulsyre over et tidsrum pa mindst

30 sekunder.

19. Fremgangsmade ifglge krav 10, hvor patronen (4) har et
volumen, der er mindre end et volumen af kulsyretilsat

drikkevare, der dannes ved anvendelse af patronen (4).

20. Fremgangsmade ifglge krav 10, hvor trinene tilfgrsel af
veske til patronen (4), kontrol af en mengde af vaske, der
tilfgres til patronen (4), og kulsyretilsetning til

grundvaesken (2) ved oplegsning af mindst en del af kulsyren,
der udsendes fra kulsyrekilden (41), i grundvaesken (2) udferes
over et tidsrum pa mindre end ca. 120 sekunder til
fremstilling af en kulsyretilsat vaeske med et volumen pa
mellem 100 og 1000 ml og et kulsyretilsatningsniveau pa ca. 2

til 4 volumener.

21. Fremgangsmade ifglge krav 10, hvor grundvaeske (2), der er
kulsyretilsat og blandet med drikekvaremediet, ikke kommer i
kontakt med kulsyrekilden.
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