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carbon dioxide and water. The ripening process is thus controlled by both removing ethylene and producing carbon dioxide,
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FRUITS AND VEGETABLES COMPARTMENT OF A REFRIGERATOR WITH
MEANS FOR PRESERVING FRESHNESS

The present invention relates to a compartment of a refrigerator for storage of
fruits and vegetables provided with means for preserving freshness. More
particularly, the invention relates to a compartment of a refrigerator provided with
means for controlling the ripening process and extending or preserving the
freshness of fruits and vegetables by modifying the atmosphere within the
compartment via a photo-catalytic process.

Refrigerators typically have special compartments, or "crisper drawers”, to store
fruits and vegetables, sometimes with mechanisms to control the humidity in the
drawer.

Many vegetables are sensitive to ethylene, a chemical released by many fruits and
some vegetables. In general, fruits release more ethylene than vegetables in the
natural ripening process. Foods that emit ethylene include: apples, avocados,
bananas, pears, peaches, piums, cantaioupes, honey dew melons, mushrooms,
and tomatoes. Vegetables that absorb ethylene include: brassicas, leafy greens,
beans, carrots, cucumbers, eggplant, peas, peppers, and potatoes.

In general, ethylene increases the ripening process of fruits and vegetables. Such
process includes a degradation of complex insoluble carbohydrates to simple
soluble sugar compounds (e.g. glucose, fructose), which in turn cause an
increasing in the sweetness and a loss of consistency of the foodstuff. The overall
result is reduction of freshness and of shelf life.

As fruits and vegetables ripen in the closed compartment of a refrigerator,
ethylene is released and accumulated in the atmosphere of the closed
compartment, which accelerates the ripening process of the surrounding produce,

thereby reducing the shelf life and the freshness of the produce.

SUBSTITUTE SHEET (RULE 26)
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Since ethylene is physiologically active in traces (0.1ppm), it would be desirable to
separate produces that are sensitive to ethylene from those releasing large
amounts of such gas, and store them in separate and spaced-apart
compartments. This, however, may not be a viable option due to the limited space
available in a refrigerator.

The ripening process could be slowed down by reducing oxygen or ethylene
content and/or increasing the concentration of inhibitor gases such as carbon
dioxide.

U.S. 5,253,448 discloses a vegetables storage drawer of a refrigerator equipped
with a gas-absorbing member disposed over the drawer to absorb noxious gases
emitted by the vegetables. The absorbing member is a plate shaped from a
traditional zeolite powder and is placed under a UV lamp that is switched on and
off according to a predetermined time sequence. When the lamp is on, the
absorbing member saturated with the noxious gases is regenerated, namely it
turns to unsaturated and is ready to absorb noxious gases again.

The refrigerator storage drawer described above is based on the absorption of
gases, including ethylene, by a zeolite material. It is not disclosed, however, what
is the zeolite regeneration process, in particular it is not disclosed whether the
absorbed gases are re-emitted into the drawer, which would not solve the
problem, or are transformed into other substances.

Japanese patent publication JP 72-70044A discloses a gas removing device for a
vegetable storage drawer of a refrigerator. The device includes an optical catalyst
such as titanium or zinc oxide and an ultraviolet lamp. This latter activates the
catalyst which decomposes ethylene or other ripening agents or substances

causing bad smell. The gas removing device is confined in the ceiling of the
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vegetable storage drawer and comprises an elongated UV lamp (26) surrounded
by the catalytic element (25) separated from the storage drawer by a perforated
plate (29). The shape and size of the catalytic element, however, do not seem to
be such as to provide a maximum contact area with the air in the drawer, which
would be required to ensure an optimal catalytic efficiency. The only active part in
controlling ripening is directly related to the lighting system and not to gases
associated with the system itself. Also, the device is not designed to optimize the
contact of the air containing the undesired gases with the catalytic surface since a
protective cover consisting of a perforated plate is placed between the device and
the storage compartment. Also, mounting of the device within the refrigerator
requires certain modifications of the typical structure of the refrigerator inner parts.
Therefore the effectiveness of this device is in doubt.

There remain, thus, several disadvantages to, or problems not solved by, the
vegetables storage drawers disclosed in the prior art documents mentioned above.
There is a need, therefore, for a fruit and vegetable compartment of a refrigerator
that efficiently and effectively removes undesired ripening substances released by
fruits and vegetable, thereby extending the shelf-life and freshness of such
produces in a cost-effective way and minimizing the modifications to be made to
the structure of the refrigerator.

It is therefore the overall object of the present invention to disclose an improved
fruit and vegetable compartment of a refrigerator capable of controlling the
ripening process of fruits and vegetables by preventing or limiting undesired and/or
exceedingly fast ripening.

It is a further object of the present invention to disclose an improved fruit and

vegetable compartment of a refrigerator capable of removing ethylene released
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during the ripening process of fruits and vegetables and converting it into
substances that do not accelerate or limit the ripening process of fruits and
vegetables.

It is a still further object of the present invention to disclose an improved fruit and
vegetable compartment of a refrigerator which is cost-effective both during the
manufacturing process and when functioning during the entire life of the
refrigerator.

The present invention addresses these needs by providing a compartment of a
refrigerator for storage of fruits and vegetables comprising a photo-catalytic
element and a source of UV light, said compartment comprising a bottom and un
open upper part defining an inner chamber open upwards, said compartment
being characterized in that:

- said photo-catalytic element is housed on the bottom of said inner chamber
of said compartment or is mounted directly above said inner chamber, said
photo-catalytic element comprising at least a portion extending along or
being superimposed to the peripheral portion of the bottom of said
chamber; and

- said source of UV light comprises a plurality of UV lamps arranged above
said photo-catalytic element, so that the UV light emitted by said lamps hits
directly said photo-catalytic element.

More particularly, the invention relates to a compartment of a refrigerator for
storage of fruits and vegetables provided with means for controlling the ripening
process and extending or preserving the freshness of fruits and vegetables by
modifying the atmosphere within the compartment via a photo-catalytic process

that converts ethylene into carbon dioxide and water.
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Volatile organic compounds (VOC) present in the air at low concentrations can be
oxidized to carbon dioxide and water when exposed to particles of titanium dioxide
irradiated with near UV light. Suitable titanium dioxide particles are produced from
titanium dioxide-sol generated by controlled hydrolysis of titanium isopropoxide.
Titanium dioxide particles supported on suitable supports exhibit higher photo-
catalytic activity than unsupported titanium dioxide pellets.

The photo-assisted catalytic degradation of ethylene carried out by means of
photo-reactors packed with TiO, pellets prepared by sol-gel method is described
in the literature. The reaction rate depends on the on the light intensity, feed
composition (ethylene, oxygen and water vapour) and temperature. It is reported
that more than 95% ethylene was always completely mineralized irrespective of
the reaction conditions.

It is known to a skilled person that other oxides of transition metals exert a photo-
catalytic action in the conversion of ethylene or other VOC to carbon dioxide and
water. Zinc oxide is an example of such photo-catalytic transition metals oxides.
According to an aspect of the present invention, a refrigerator having a fruits and
vegetable compartment is provided with means to carry out a photo-assisted
catalytic degradation of ethylene and other VOC present in the atmosphere of the
refrigerator.

According to another aspect of the present invention, the carbon dioxide produced
by the reaction of ethylene and VOC conversion is substantially confined within
the compartment and kept in contact with the produces contained therein, so that
such carbon dioxide exerts an inhibitory effect of the ripening process of such

produces.
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Therefore, according to an aspect of the present invention a photo-catalytic
element is directly housed in the fruits and vegetables compartment of the
refrigerator or is mounted directly above said compartment without any protective
cover or other parts interposed between the catalytic element and the fruits and
vegetables stored in the compartment. This serves the twofold function of
maximising the contact between the ethylene/air mixture contained in the
compartment and the photo-catalytic element to promote the conversion of
ethylene to carbon dioxide, and maximise the contact of the carbon dioxide so
produced with the fruits and vegetable, whereby the ripening process is inhibited
or prevented.

According to an aspect of the present invention the photo-catalytic element
comprises a support and an amount of TiO, particles of from 2 to 30% by weight,
preferably from 5 to 20% by weight, more preferably from 8 to 15% by weight.
According to another aspect of the invention the photo-catalytic element comprises
TiO; particles having an average size of from 0.1 to 20 um, preferably from 0.5 to
15 um, more preferably from 1 to 10 um. Preferably the TiO, particles are in the
anatase polymorphic form.

According to an embodiment of the invention the photo-catalytic element
comprises a polymeric film coated with TiO, particles obtained by applying a layer
of a suspension of TiO; particles in a suitable dispersing medium.

For example, a titanium dioxide-coated food packaging film prepared by using a
colloidal suspension of anatase TiO, was tested for its catalytic properties towards
the photo-degradation of ethylene. The TiO, suspensions were coated onto the
surface of oriented-polypropylene film (OPP) using a bar coater and dried in air.

The resulting film had a milky whitish appearance and it was found that the
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ethylene decomposition rate increased as the TiO, particle size was within the
ranges defined above. An excellent photo-catalytic activity was obtained with the
10% TiO, particles coated film. The reduction of ethylene in the compartment
atmosphere achieved by TiOz-coated film was of about 90% using UV light lamps.
According to another embodiment of the invention the catalytic element comprises
a fabric or nonwoven impregnated with TiO, particles. This may be obtained by
soaking the fabric or nonwoven with a suspension of TiO, particles, followed by a
drying step. Depending on the thickness and size, the fabric or non woven may be
used as such or mounted on a supporting frame to obtain a shaped photo-catalytic
element of suitable rigidity, capable to keep its shape when placed in the
refrigerator.

Some embodiments of the invention are now described with reference to the
attached drawings, which illustrate the invention without limiting it, in which:

- Fig. 1 is a schematic perspective view of a first embodiment of a compartment of
a refrigerator for storage of fruits and vegetables;

- Fig. 1A is a schematic top view of the cover of the compartment of Fig. 1;

- Fig. 1B is a schematic top view of the bottom of the compartment of Fig. 1;

- Fig. 1C is a schematic elevation view of a part of the compartment of Fig. 1;

- Fig. 1D is a schematic enlarged perspective view of a portion of the compartment
of Fig. 1;

- Fig. 2 - Fig. 1 is a schematic perspective view of a second embodiment of a
compartment of a refrigerator for storage of fruits and vegetables;

- Fig. 2A is a schematic top view of the cover of the compartment of Fig. 2;

- Fig. 2B is a schematic top view of the catalytic element of the compartment of

Fig. 2;
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- Fig. 2C is a schematic elevation view of a part of the compartment of Fig. 2;

- Fig. 2D is a schematic enlarged perspective view of a portion of the compartment
of Fig. 2.

With reference to Figures 1-1D, a fruit and vegetable compartment, or crisper
drawer, of a refrigerator is designated with 10. Such compartment is designed to
be housed in a refrigerator (not shown), which typically comprises a refrigerating
compartment, a freezing compartment, an evaporator located in the rear wall of
the freezing compartment and other parts as known to the skilled person.

A crisper drawer consists thus essentially of a container 12 defining an inner
chamber to store produce, open upwards and inserted in the refrigerator below an
horizontal partition 14 forming a supporting plane for other products to be stored.
Partition 14 forms also the cover of the crisper drawer or compartment.

A photo-catalytic element 16 is mounted within the inner chamber on the bottom
18 of the container 12. The photo-catalytic element 16 has the shape of a
rectangular frame whose external size fits into the container 12, resting on the
bottom 18 and extending along the peripheral portion of the bottom 18, so that the
space within the rectangular frame forms a tray for storing produces 22. As
mentioned above, in this embodiment the photo-catalytic element 16 comprises a
polypropylene film 16a of a food packaging grade, coated with a layer 16b of
titanium dioxide.

An array of UV lamps 20 are supported by partition 14, or cover of the crisper
drawer. UV lamps 20 are mounted in cover 14 at positions vertically superimposed
to the photo-catalytic element 16, namely they are placed near the perimeter of the
cover 14. Such arrangement of UV lamps 20 directs the UV light emitted by the

lamps toward corresponding portions of the photo-catalytic element 16, thereby
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exerting a photo-catalytic activity on the conversion of ethylene and other VOC to
carbon dioxide and water.

UV lamps 20 are preferably of the LED type. They form a lighting system that
works preferably according to an on/off algorithm. The photo-catalyzed reaction
does not involve only ethylene reduction but also an increase in carbon dioxide
content, which leads to a delay/inhibition of ripening and senescence. As
previously described, carbon dioxide has a bacteriostatic effect on aerobic bacteria
and mould, and inhibits produce respiration. The photo-formed -OH species, as
consequence of such process, also play a significant effect in microbial and odor
control as a supplementary benefit of the ethylene molecule inactivation.

The algorithm controlling the lighting system can be combined with data from an
infra-red gas sensor suitable to detect carbon dioxide in the compartment. To
avoid fruits and vegetables acidification, carbon dioxide concentration should be
kept below 10%. Since this gas is very soluble in water, if its concentration
exceeds this threshold, undesired acidification can occur and fruit and vegetable
tissue consistency and taste could be modified.

The ripening and senescence delay may thus not only be based on ethylene
degradation but also on control of the carbon dioxide level. The smaller the
compartment air gaps, the less frequently the lighting system needs to be
activated, which helps reducing energy consumption. Also, in order to avoid
temperature increase in the compartment, the lit phase is associated with the
compressor-on phase. The sensor can be selected in such way to directly control
ethylene concentration and indirectly monitor the carbon dioxide content.

Figures 2-2D show a second embodiment of a fruits and vegetables compartment

according to the invention.
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In this second embodiment the photo-catalytic element 30 is a fabric impregnated
with TiO; particles mounted on a rigid frame 32, as described above. The frame is
in turn slidably mounted on drawer rails 34 fixed to the walls of the drawer, below
the cover 14.

In this embodiment the photo-catalytic element extends over the entire width of the
container or drawer 12, so that the photo-catalytic action is exerted on a large
surface of contact with the atmosphere of the drawer.

A lighting system comprising UV lamps 20 as described above is supported by the
cover 14 The position of the UV lamps may be the same as described for the
other embodiment, namely close to the perimeter of the cover 14, or it may be
different, for example including lamps arranged also in the centre of the cover 14
(not shown).

The photo-catalytic element 30 is mounted close to the cover 14 supporting the
lighting system (as shown in Figures 2 and 2D), the optimal distance being a
function of the UV LED intensity.

The crisper drawer can be equipped with a fan to better force air through the fabric
30.

It is apparent that in both the embodiments described above the UV light emitted
by the lamps 20 hits directly the photo-catalytic elements 16 or 30 without any
other part of the compartment or refrigerator intercepting or filtering such light or
generating shadows on the photo-catalytic element, which would reduce the
catalytic action.

Also, carbon dioxide formed by the photo-catalytic conversion of ethylene is in
direct contact with the produces contained in the compartment, and can effectively

exerts its inhibitory action.
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It is clear from the description above that other embodiments of the crisper drawer

are possible within the same inventive concept.
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CLAIMS

1.

Compartment (10) of a refrigerator for storage of fruits and vegetables
comprising a photo-catalytic element (16; 30) and a source of UV light (20),
said compartment comprising a bottom (18) and un open upper part defining
an inner chamber open upwards, said compartment being characterized in
that:

- said photo-catalytic element (16; 30) is housed on the bottom (18) of said
inner chamber of said compartment or is mounted directly above said inner
chamber, said photo-catalytic element (16) comprising at least a portion
extending along or being superimposed to the peripheral portion of the
bottom (18) of said chamber; and

- said source of UV light (20) comprises a plurality of UV lamps arranged
above said photo-catalytic element (16; 30), so that the UV light emitted by
said lamps hits directly said photo-catalytic element.

Compartment (10) of a refrigerator according to claim 1, characterized in that

said photo-catalytic element (16; 30) comprises particles of titanium dioxide.

Compartment (10) of a refrigerator according to claim 2, characterized in that

said photo-catalytic element (16; 30) comprises an amount of TiO; particles of

from 2 to 30% by weight, preferably from 5 to 20% by weight, more preferably
from 8 to 15% by weight.

Compartment (10) of a refrigerator according to claim 2, characterized in that

said photo-catalytic element (16; 30) comprises TiO, particles having an

average size of from 0.1 to 20 um, preferably from 0.5 to 15 pym, more
preferably from 1 to 10 pm.

Compartment (10) of a refrigerator according to claim 2, characterized in that
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10.

11.

12.

13.

13

said photo-catalytic element (16; 30) comprises TiO, particles in the anatase
polymorphic form.

Compartment (10) of a refrigerator according to any of claims 1-5,
characterized in that said photo-catalytic element has the shape of a
rectangular frame (16) whose external size fits into said compartment (10) and
extends along the peripheral portion of said compartment.

Compartment (10) of a refrigerator according to claim 6, characterized in that
said photo-catalytic element (16) having the shape of a rectangular frame
rests on the bottom (18) of said compartment.

Compartment (10) of a refrigerator according to claim 6, characterized in that
said photo-catalytic element (16) comprises a support (16a) coated with a
layer (16b) of particles of titanium dioxide.

Compartment (10) of a refrigerator according to any claims 1-5, characterized
in that said photo-catalytic element (30) is a fabric or nonwoven impregnated
with TiO, particles mounted on a rigid frame (32) slidably mounted on drawer
rails (34) fixed to the walls of said compartment below said cover (14).
Compartment (10) of a refrigerator according to claim 9, characterized in that
said fabric or nonwoven extends over the entire width of said compartment or
drawer (12).

Compartment (10) of a refrigerator according to claim 1, characterized in that
said plurality of UV lamps (20) are supported by a partition (14) of said
compartment.

Compartment (10) of a refrigerator according to claim 10, characterized in that
said plurality of UV lamps (20) are of the LED type.

Compartment (10) of a refrigerator according to claim 11 or 12, characterized
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14.

14

in that said plurality of UV lamps (20) are operated according to an on/off
algorithm which takes into account also data from an infra-red gas sensor
suitable to detect the amount of carbon dioxide in said compartment, whereby
carbon dioxide concentration is controlled.

Compartment (10) of a refrigerator according to claim 13, characterized in that

said concentration of carbon dioxide is kept below 10% by weight.
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