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ABSTRACT

There are several electricity applied sterilizers
such as sterilizer with high frequency, sterilizer
with ozone, sterilizer with high voltage, and so
on. Those sterilizers feature "because there is no
process, there iz ne  secondly
environmental pollution”. At the power
conversion part, ZVS and ZCS methods have
been used that it results in reduced switching
less, miniaturized size, and lightened weight.

chemical

Besides, the current in the device is smaller than
that of existing method. Thus, it is expected
that the cost of sterilization process, when
quality of the device is measured hy power
consumption, will be reduced.

1. Introduction

There are several electricity applied sterilizers
such as sterilizer with high frequency, sterilizer
with ozone, sterilizer with high wvoltage, and so
on. Those sterilizers feature "because there is no
chemical process, there is no  secondly
environmental  pollution”, Among them, the
sterilizer with high voltage uses only corona
discharge, so it has bheen reported that bacteria
are eliminated by accumulated electro charge or
residual current on cell walll Such way of
bacteria  elimination has been numercusly
reported about liguid state. However, there was
almost no report on  solid or powder state
sterilizing.

In order to eliminate bacteria in manufacturing
of  chinese medicines, high  temperature
sterilization is traditionally used hut this method
brings reduced effect of the medicines due to
some destroyed elements In the medicines.
Besides, chemical method is not suitable because
there are poisonous remainders in _the medicines.
Nowadays, radioactive rays are used to eliminate

bacteria, but there are scme defects such as
protection of radicactive source, inconvenience in
usage, pollution during transporting, high cost,
and so on. Therefore, the goals of this study are
to solve the problem of the existing medicines
sterilization, investigate economical and effective
method, and intreduce improved sterilizer by the
sterilizer with high field.

<Table 1> The specification of High Electric Field
Generation unit

item experimental unit contents

Input 380V 60Hz

Output BkVDC ~ 20kVDC
efficiency 90%upper

High [requency High
voltage transformer
Control method

NLNZ = 14:510
ZVS, ZCS switching

Generally, condenser input rectifier circuits are
mainly used for DC-link part in power
transformation devices.

Input current of this circuit bhecomes pulse type
at peak part of input voltage, so it makes low
input power factor. Also,

the current has lots of harmonic elements
which have a bad effect on power system. Thus,
by applying partial resonant switching whose
input power factor is controlled almost by unit
power lactor, it is expected that switching loss
will De decreased, harmonic will be reduced, and
power factor will be improved, Then, stable AC
power supplies high field with the sterilizer
through high frequency high field transformer.

2. Principles of the sterilizer with high field

Fatal effect on bacteria depends upon electric
field intensity, processing time, number of pulse,
and attenuation time constant, and there are
studies which have been investigating that
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sterilizing effect is affected by apolied voltage,
carona electricity, processing time, and so on.
This study is based on existing research data
that inactive ratios are 60% at a minute
processing time and 99.99% at over 7 minutes
processing time when microorganisms  are
exposed under 20kV electric field peak. From the
data, the device for applying high electric field is
composed, then sterilizing ratio is examined. The
power transformation device for this experiment
is an inverter ecircuif, that uses 2Z2CS, ZVS3
switching loss less mode, and AC 20kV is
applied to the device through high frequency and
high voitage transformer from rectified input 3
phase 380V(AC).

1

7

L 2

Fig.1 The sterilizer for powders with High Electric Field
(1) The plate electrode, which has needie (2) The
ground line
power converter

(3) The high freguency high voltags

Fig. 1 shows the experimental stenlizer that
consists of 46%3l¢m aluminum sheet electrode
and 45x30%30cm acryl hox which covers the
electrode. Once discharge electrode is star tvpe
wire, corona current appears bigger. On the
contrary, when plate electrode, which has needle
is used, the current disperses well. Thus, for
this experiment, the electrode, which has needle,
is used and AC high voltage(60Hz) is applied,
that gives highest sterilizing power, and under
those condition, sterilization effect is examined.

Dicte Briglyz CCMVERTER one INVERTES

Fig. 2 The configuration of main power converter system

3. Design of the high voltage generating device

Composition  of the power transfommation
system is shown Fig.2 Input 3phase 380V(AC) is
rectified through diode bridge and is supplied to
the inverter through DC-link part which uses
boost up chopper of the opartial resonant
switching control. Again, output AC voltage
from the inverter generates high voltage high
glectric field at the sterilizer through the high
frequency high voltage transistor.

4. Simulation and resuit

4.1 Mouid used in this experiment

A variety type of dry things whichh human
beings take in, according to dryving method, can
be mingled with various microorganisms from
nature, Depending on  situation, these hacteria
can cause diseases. In order to eliminate the
bacteria, 1t 13 commonly used te boil or heat the
dry  things, bBut in case of polluted
micreorganisms, it is difficult to he perfectly
sterilized with that  method.  Especially,

microorganisms can he
relatively  short time  heat
treatment, sporiferous microorganisms (generally

non-sporiferous
eliminated by

mould), hawever, have strong tolerance of simple
drv  heat sterilization. If those bacteria are
sterilized over 1707 with long time, the product
bthat includes dry  things will be degraded.
Besides, the mould used in this eXperiment ig
aspergillus niger thal appears everywhere and is
used at fermentation indusiries on a big scale
with starch or albumen resolvent enzyme. That
mould 15 the worst microorgamsm to be
eliminated in normal sterilizers., Therefore, when
artificially added spores of the aspergillus niger
to the experimental product are sterilized and
siumultaneously, elements of the product are
preserved in this experiment, it is assumed that
each and every microorganism 1s sterilized which
is poisonous to human beings.

4.2 Simulation waveforms
Fig.A-1 shows current and voltage ol switches
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at the partial resonant boost up and down
switching, When the switches are tumed on
there is ZCS operation, and on the contrary,
ZVS operation is occurred at turning off.

Fig.4-2 shows unipolar gate control signal, and
output voltage and current wave forms. Fig.4-3
shows

s T T : ; i T ; 1 R
100 : H : . ! ! .
: ————i e

@ 0(sa.2}

a UCz:1,0r2-1)

=
o L)

1. s

99NN
s Hh1, 2y

o U{E2)
1gk.

s
o I(A1}

Fig. 4-2 The Uni-polar Gate control signal and
output V, T waveform
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Fig. 4-3 The input V,I of power—converter

mput voltage and current waveforims of the
device, and it is
understandable that the power factor is almost

power  iransformation

unit power factor according to the figure,

4.3 Photo of the slerilizer
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Fig, 4-5 the sterilizer experiment unit (Left) The
overall meodel (Right} The pole of needle and the
pole of plate

Fig, 4-6 The cvonfiguration of total system

4.4 Result
» The vsing a culture ground : ¥YM agar
* The time of cultivation : 20 -~ 24hour at

constant termmperature

e dilution method : The each sample 10%times
diluting on 1g

* The spacing of a sample and the neesdle pole :
2.5(cm)

« During the Electric [ield time : Sminute

« Expenmental results

- before sterilization 1,800 10%numbers

<{Table 2* The input woltage and sterilizing ratiom
180T | 181V | 20(1kV]

_Inpul veltage 1120V
detected mould

numbears 1070% 10" 695;4 10 595;”\ 10 50[]3% 10
{random .
samphing}

sterilizing rano ~
£ 439 614 | B85 | 722
percent (%) |

Owing to the inperfect design of needle
electrode  arrangement for cemposing  uniform
electric  {ield, the thacteria weren't sterilized
equally. Therefore, sterilizing ratio was getting
lower when the experimental product located
further from needle electrode than other products



which were closer to the pole.  According to
applied  voltages, Fig. 4-8 shows cultivated
moulds after sterilization. Those photos indicate
that the higher wvoltage the sterilizer has, the

better the bacteria are eliminated.

113 ey Qv

Fig. 4~7 The graph of sterilizing ration and input
voltage

{b) 1BkV

(c) 18kV (d) Z0kv
Fig. 4-8 The picture of mould cultivated wnich 1s
after sterilization for input voltage

5. Conclusion

By the low power consumption high voltage
power  transformation  device for  sterilizer,
sterilizing ratic has been measured through the
process that powder, which had diluted moulds,
was put into the experimental device then AC
voltage was varled, And results are summarized
below,

{1} Diluted moulds in powder can be elfectively
eliminated by 60Hz AC corona discharge.

(2) The operation that eliminates or destroys
moulds is caused mainly by corona current.

(3) By means of using the partial resonant boost
up DC-link part, reduced switching loss and

high power factor(power factor 1) can be
obtained.

(4)  The tigh frequency and high voltage
transistor can be miniaturized and corona current
is extremely small, thus, it is possibie to design
low cost and low power consumption sterilizers.
Problems on the device design were losses by
unsatislactory msulation what was supposed to
prevent consecutive discharge which occurred on
surface of the sterilizer and local discharpge that
occurred on corners of the sterilizer, Next goal
of this study is treating perfect insulation to
prevent thase losses and obtaining optimized
values with the sterilizer but other electrode and
experimental product.

[This work  was  Sponscred by grant No.l

161999-2-302-014-3}) hom the interdisCiplinary3i
‘research program ol the KOSEF |

REFERENCES

[1] AMizung, Proc. of 1983 Annual Meeting of the
Instituie ol Flecirostatics Japan, 1988, 373-376.

[2]  UZimmermann, P.Scheuarich, GPilwat and
R.Benz, Angew.Chem.Ini.Ed Engi., 20(1981) 325,
3] JH Sale and W.A Hamilten, Bicchem.

Acta, 148 (1967) 789

(4] Y.CKim, HW.Les, KY.Suh, JH.Chun, "A Study
on power faclor and efficiency correction of AC-DXC
beost converter by parlial resonant type using a
L25C" PCC-Nagaoka, pp.391--399, 1597

5] 32% old$ 5 THAE ol&¥ 29 dEA
g A daAses 24 A £4F RFEEY =
T3, pp4d6-48, 1999.12.4

Biophys

- h38 -



