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“High-field plasma” technique in an atmospheric pressure has been developed to control and keep the
environmental atmosphere in clean state. Here the “high-field plasma” system has no apparent discharges

between electrodes and the electric field inside the plasma area is high as V/m61043  in the

atmospheric pressure. It is demonstrated that fresh fruits are preserved for much longer duration without
apparent bacterial contamination compared with the conventional method. In order for this purpose special
refrigerator has been developed, equipped with high-field plasma system. In the present refrigerator, usage
of harmful or poisonous materials such as ozone, OH radicals or UV light is suppressed.

1. Introduction
In the contemporary world, it is important

requirement to supply the fresh foods stably.
Therefore, it is necessary to develop the
preservation system of fresh plants including foods
for a long duration without consuming much energy.
The plasma phenomena are employed as one of the
possible tools for solving these problems and many
new techniques are under developing.

The corona or glow plasma is one of the useful
candidate for the present purpose due to its easy operation
at atmospheric pressure, and this is applied to many
industrial field such as electrostatic precipitation,
generation of ozone, sterilization of bacteria and many
others [1]-[4]. In reforming or decomposing and/or
sterilization of gases by using electrical discharges
in atmospheric pressure, however, harmful ozone
was generated, and new serious problems were
taken place so far, such as change of color of crops,
poisonous for human body and so on. When UV
light is employed instead of discharge system, the
same problems were arisen. In addition, more
important thing is quite low energy conversion
efficiency from electricity to UV lights.

We have developed new technique [5]-[9],
named “High-Filed Plasma” system. This means
that the plasma has no apparent discharges, such as
corona or silent discharges, and the electric field
inside the plasma area is as high as V/m1043 6 in
the atmospheric pressure. From now on we wish to
use the terminology of “high-field plasma” instead

of just “plasma” or “discharges”. The precise
mechanism on high-field plasma has been
explained in Ref.[9]. In the present system the
ozone generation and/or UV light related effects
were suppressed and no apparent effects appeared.

The plants are breathing to put off the ethylene
gas. As ethylene gas has strong ripe effects on the
fresh plants, it is necessary to remove it from the
preservation spots in order to keep crops in fresh
state for a long duration. The purposes of the
present study include carbon hydrate decomposition
by using high-field plasma system.

2. Experimental setup
The experimental apparatus have been shown in

Ref.[10]. In the refrigerator, the air circulating system with
high field plasma is set under well controlled conditions in
temperature and humidity. The temperature can be
adjusted within C1 accuracy and the humidity is

5 % to the set values.
2-1 The case of grape preservation test;

The grapes were kept in two refrigerators; one
with high-field plasma system and the other without
it, both were kept under the temperature 2±1ºC and
humidity 90%±5 % through the experimental
duration.
2-2 The case of banana preservation test;

The bananas were kept in two refrigerators with
clear glass windows. The measured parameters
were ethylene gas amounts, weight changes and
apparent changes. All bananas were kept at 12±1ºC
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and humidity at 85%±5%.
2-3 The case of peach preservation test;

In the case of peach preservation, one refrigerator
was employed without high field system; instead
activated carbon (charcoal) was installed within an
air flow duct for absorbing ethylene gas under the
temperature 2±1ºC and humidity 80%±5%.

3. Preservation results
In the present paper, only the results on banana

preservation results are shown only because of space
limitation. Figure 1 shows the result how the ethylene gas
exhausted from the bananas inside of the refrigerator was
treated by the high-field plasma system. In the case shown
by the “blue” color, plasma system was turned off or on in
the way of the experiments. When the high-field plasma
was turned-off, ethylene gas amount increases, but once
the high-field system was turned-on, the gas concentration
quickly went done.

Figure 1. Exhausted ethylene gas amount vs. time. Here,
high-field plasma system was turned-on or off while
running the system (blue colored case).

The preservation results are shown in Fig.2 by
sample photographs, where the photos of bananas
with starting days and week later are shown. As
clearly seen the bananas stored in the refrigerator
with high-field plasma system shows much smaller
damage (color change) than the case without
high-field system. This is resulted from the fact that
the high-field system decomposes ethylene gas and
ripe effects on bananas from ethylene gas were
weak.

4 Discussions
In the present system, no corona or silent

discharges occurs at all, rather high electric-field is
built between electrodes. For the present purpose
the electric field between electrodes should be
strong enough to accelerate electrons in the ambient
atmospheric air. The field strength is uniform over
most of the electrode area with 61036.0  ,

(V/m) depending on the applied voltages.

Figure 2. Sample photos of experimental results.

The bonding energy of O-H is about 4.74 eV, that
of H-H is 4.44 eV, and that of C-H is 4.22 eV [11].
Therefore, electrons with energy more than 5 eV
could decompose these bonding, and as a result
oxygen, hydrogen and carbon could be produced as
final products.

These processes can decompose many kinds of
chemical bonding including the origin of polluted
materials in the air, bacteria, and drying action of
the air. This technique is extended to apply for the
contaminated gas cleaning system or for
sterilization devices of contaminated air with
bacteria [10].
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