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Abstract: this paper presents basic notions about microwaves and studies of the authors about some
nonconventional uses for microwaves in several domains; also, an electronic experimental device is shown,
which allows microwave treatments with settable parameters, according with the required processing.

1. BASIC NOTIONS ABOUT MICROWAVES
Microwaves are electromagnetic waves with frequencies in the 300 MHz + 300 GHz range
(fig.1). In order to avoid the interferences with the communication systems (which is one of
the many uses of microwaves), the 2450 MHz (12.25 cm) and 915 MHz (33.3 cm) ranges
were allocated for industrial, scientific and medical applications (ISM).
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Fig.1. Microwaves, in the electromagnetic waves spectrum.

A classification of the microwave frequency ranges is shown in tab.1, which includes the
meter (1 m + 10 m), decimeter (0.1 m + 1 m), centimeter (0.01 m + 0.1 m) and millimeter
waves (0.001 m + 0.01 m). The S (1.55 + 5.20 GHz) range is used in the microwave
heating technique.
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Tab.1. Classification of microwave frequency ranges.

Indicative Frequency range [GHz] Wavelength [cm]
P 0.225 + 0.39 133.3+76.9
L 0.30 +1.55 76.9 +19.3
S 1.55+5.20 19.3 +5.77
X 5.20 + 10.90 5.77 + 2.75
K 10.90 + 36.00 2.75+0.834
Q 36.00 + 46.00 0.834 + 0.652
\Y; 46.00 + 56.00 0.652 + 0.536
W 56.00 + 100.00 0.536 + 0.300

Compared to the classical thermal energy, the microwave energy features important
advantages: it is non-pollutant and flexible, it acts instantaneously upon the treated object
without any transmission medium, it gives important energy savings, it reacts immediately
to adjustments and it ensures highly hygienic operating conditions.

Shortly, the electric polarization phenomenon is responsible for the behaviour of the
dielectric material in the microwave field. Considering the polarization P, the electric
induction D and the electrical field E as complex quantities, one can notice that P and D
are retarded from E, which we call electric viscosity, and can distinguish the complex
relative permittivity ¢, =&/ —j-¢ and the dielectric hysteresis loss factor:

"
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The heating of the dielectric materials in high-frequency electromagnetic field is due to the
variable electric component, which produces hysteresis dielectric losses, to which the
electric conduction losses are added. They all together give the total dielectric losses,
characterized by the tangent of the total loss angle:
tgd>tgd, (2)
The conversion specific volume power P, is the heat developed over the time unit in the
volume unit of the dielectric material between the plates of a capacitor:
P=w¢,¢ E tgd (3)
This is an important quantity, which determines the capacitive heating rate. According to
the above equation, for a given dielectric material and in identical thermal conditions,
where the relative permittivity ¢, and the total loss angle & can be considered as

approximately constant, the enhancement of the heating rate is possible by increasing the
frequency w=2nv and the applied electric field E. However, the electric field cannot be
increased too much because of the breakdown risks, so the frequency increase proves
itself to be very useful, thus the use of microwaves is a very good option.

The electromagnetic field features a great penetration depth in the dielectric material, so
the heat is rapidly and evenly produced in all its volume. The small thermal conductivity
values of the transmission medium or of the treated material itself cannot impede on the
heating rate, as in the case of classical conduction and convection heaters. Nowadays, the
possibilities of the microwave heating of dielectric materials in vacuum are not yet fully
used, and may provide new efficient techniques in electrothermia.

2. DIAGRAM OF A MICROWAVE SYSTEM

Fig.2 shows a complete system which generates, transmits and uses the microwave
energy. Its components will be shortly presented as follows.

The microwaves are produced by the magnetron and are emitted in a waveguide segment.
Because arcing may occur in the waveguide in case of mismatch or other faults, the
system has got an arc detector, which immediately halts the system at the occurrence of
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this unwanted phenomenon. Also, the magnetron itself is protected against overheating by
means of a temperature sensor (thermal cut-out).
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Fig.2. System for microwave supply, transmission and use.

The electromagnetic energy is sent to the applicator (resonant cavity), where the treated
material is placed. Because the perfect matching between the load, applicator, waveguide
and magnetron is almost impossible to attain, there always will be reflections towards the
magnetron. This is why a circulator is inserted, which allow the microwaves to pass only
form the magnetron to the load (incident power) and from the applicator to an absorbent
load (reflected power). In order to monitor the incident and reflected power levels, a
directional coupler with output sensors is also inserted, which separates the incident power
from the reflected power and measures them both.

Inside the applicator takes place the proper microwave irradiation of the treated material.
The applicators come in different dimensions and shapes, in order to provide an optimal
matching of the load, an uniform or concentrated electric field, continuous or discontinuous
loading etc. The applicator is fitted with temperature sensors, as thermocouples (which are
used only when the magnetron is stopped or in places with minimum electric field), infrared
radiation or laser pyrometers (usable during emission) etc.

The entire system is fed by means of a power supply, which provides the adequate
voltages and currents for the magnetron and for the command and control devices, which
allow the operator to input the parameters of the heating process and, according to the
received signals, they supervise the maintaining of the functional parameters in the safety
range and, in case of overheating, overloads or other faults, sets of the alarm and
immediately stop the system.

This is an ideal situation, where all these elements do exist. In reality, many microwave
systems are simplified, and do not contain the circulator and the directional coupler and its
sensors. In this case, the mismatching and backward reflections are accepted, which
implies that the power measurement errors may get quite large, so the only adequate way
of measurement is the direct one, by calorimetric methods.
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3. MICROWAVE APPLICATIONS

The best-known effect of microwaves is the heating of the irradiated dielectric materials.
So microwaves are used more and more frequently for applications that require uniform
and controlled heating of non-metallic materials. However, as seen before, the dissipated
power is limited by the maximum intensity of the electrical field; if exceeded, unwanted
phenomena may occur, as electric breakdown, which destroy the treated object.

The heat is generated directly inside the treated material by the applied electrical field.
Also, the heat is more intense as the loss factor is larger; this is why it is necessary to
know the dielectric properties of the treated materials at microwave frequencies, as well as
their variations with temperature, which is also very important.

Microwaves are used in applications of food industry (drying, thawing, heating, dry honey
processing, pest removal and/or sterilization of seeds etc), medicine, pharmaceutical
industry etc.

3.1. Rubber Vulcanization

Shortly, the vulcanization transforms the rubber from a plastic material intro an elastic one,
with enhanced properties: increased elasticity over a larger temperature range, better
resistance to chemical and mechanical agents, impermeability to gases, good electrical
insulating qualities. The vulcanization process requires large amounts of heat, and the
microwaves proved themselves to be very useful to this purpose. Thus, the profitability can
be dramatically improved by enhancing the extrusion lines, by means of the adequate
combination of microwave, hot air and infrared heating. These specialized devices must be
fitted with accurate and automated electronic control, which can result in greatly increased
productivity, improved product quality and reduced waste. Nowadays, the use of
microwave heating is a well-established technique in rubber vulcanization, and each such
system is adapted to the production requirements and to the the implied physical and
chemical processes. Fig.3 shows a microwave rubber vulcanization unit, and fig.4 shows a
microwave tunnel RC-MW 12/6.

Fig.4. Microwave tunnel RC-MW 12/6.
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3.2. Ceramics Drying

The actual classic drying processes are based on the transfer of heat into the material by
means of convection and conduction. Most of the conventional dryers are convection-type
and they use air as thermal agent. The conventional drying process is slow, and the
temperature gradient between the material outer surface and the interior limits the water
transfer rate. Furthermore, if this gradient becomes too large, very dry zones may appear
which prevent the heat transfer and may cause the destruction of the treated material.

The microwave techniques are successfully used in the ceramics industry. The microwave
energy is efficient for the drying and burning of bricks, tiles, porcelain, refractory bricks,
sanitary objects etc. The conventional drying consumes 22% of the total energy required
for the finite product, and the conventional burning consumes 64%. According to the
experiments carried out so far, it is estimated that the use of microwaves will reduce the
energy consumption by 50% compared to classical drying, and to 90% compared to
conventional burning, as shown in tab.2, the data being provided by the Energy Ministry of
Ontario, Canada.

Tab.2. Energy consumption for ceramics processing (x 10° kWh/year).

. Classic Microwave Classic Microwave
Material . . . .
drying drying burning burning
Bricks, tiles 56.10 28.05 198.90 19.90
Porcelain 4.53 1.76 12.48 1.25
Glazed ceramics 16.63 8.30 58.97 5.89
Tiles 1.96 0.98 6.94 0.69
Refractory bricks 10.87 5.40 38.53 3.85
Ceramics for sanitary objects 1.30 0.65 4.60 0.46

According to the preliminary results, we can express the following conclusions:

» the drying rate increases with the emitted microwave power; thus, when injecting the
microwave energy into the applicator, stabilization occurs to an equilibrium point, which
depends upon the initial humidity content; in this stage the humidity is eliminated, and
the crack occurrence risk is avoided by carefully choosing the heating rate;

» when the final humidity content is reached, the microwave power absorption in the
treated object decreases, no matter of the injected power in the applicator;

» the energy balances show a 35 — 40% reduction of the total energy consumption,
compared to the classic drying processes;

» the radiant-type elements connected as applicators have provided an uniform heating
of the material, a regime which eliminates the crack occurrence risk caused by
pressure and temperature gradients inside the treated material;

» the calculations and execution of the radiant-type element has proven correct, and it
will be used in the future microwave drying installations.

3.3. Microwave and hot air combined drying of pasta

The worldwide attempts to use microwaves to cook and dry the bakery and pastry
products are known since the seventies. First, the bread baking was studied, and the
experiments showed that microwaves alone can not adequately bake the bread, but only
in combination with hot air which creates a crisp crust on the baked bread surface. Next,
the microwave drying was applied also to other bakery and pastry products.

A combined microwave and hot air drying technology for pasta has been developed in
Romania. Fig.5 shows a comparison between the actual classic technological flow for
noodle drying (a) and the combined microwave and hot air technological flow (b).
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Fig.5.b. Technological flow for pasta microwave and hot air drying.

The combined microwave and hot air features three main components:
¢ conventional hot air pre-dryer, at the upper part;

» microwave and hot air dryer , at middle level;

% final annealer.

(R

L)

(AR

As shown in fig.5, the mixed microwave and hot air technological flow has the following

steps:

v the product (pasta) enters the pre-dryer with an initial 30% humidity content; in less

than 5 minutes the humidity decreases to 23%;

v the pasta drying continues at decreasing rate for 35 minutes, until humidity content

reaches 18%;

v the product is transferred to the microwave and hot air phase, where the humidity
decreases to 13% in 12 minutes; the installed power of the microwave generator
represents 10% of the total energy required by the entire noodle fabrication process;
the microwave power must be carefully correlated to the noodle quantity, because a
level too elevated will cause bubbles, expansion and other flaws; the hot air used with

microwaves has 83°C temperature, 10 + 15% relative humidity and 304.8 cm®/min flow;

v the final annealing phase, without any microwave or hot air input; a 70 — 80% relative
humidity is maintained to stop drying and to allow the equalization of temperature
gradients and product cooling; the pasta come out from the microwave drying phase
with 74°C temperature, so it is necessary to lower their output temperature, in order to
avoid any thermal shocks that can cause cracks in the product; the annealing takes

about one hour, and the product loses about 0.5 + 1% humidity.

The use of combined microwave and hot air drying procedure for pasta, which replaces

the conventional one, has the following advantages:

o reduced space: the microwave & hot air dryer is about 1 + 2 m long and about 4 + 5 m,

wide, which is average compared to classic dryers;

o reduced time: the microwave & hot air drying time is about 3.5 times shorter then

classic drying;

o better product quality: the microwave & hot air dried pasta feature better quality, longer

validity period due to elimination if infestation danger etc.

o lower operation costs: the specific electric energy consumption is reduced by 25%, and

the operation costs, including utilities, maintenance, hygiene etc., are reduced by 35%.

3.198



ANNALS of the ORADEA UNIVERSITY.
Fascicle of Management and Technological Engineering, Volume IX (XIX), 2010, NR3

3.4. Microwave Seed Treatment

The thermal microwave treatment of seeds gives the possibility of completely destroying
the pathogen fungi, both on the surface and in the interior of the seeds without affecting
their germinative capacity. Unlike the conventional thermal systems, the microwave
treatments feature shorter operation times, which makes them interesting. Tests have
been carried out to eliminate the Fusarium ssp. fungus from the wheat seeds, with good
results.

Currently, the seeds are protected against pathogen agents diseases by means of
chemical treatments. However, the organic farms are not allowed to use such substances,
so the only way they can act is by means of physical treatments. Furthermore, the
reduction of soil pollution is discussed worldwide, and measures have been taken in this
matter, by limiting the pollutant levels and banning of the chemical seed treatment
substances. So it was necessary that science would give alternatives, and it was found
that the seed thermal treatment destroys the pathogen fungi both on the surface and
inside the seed. The classical convection systems are rarely used because of their weak
results and many technological and economical disadvantages.

Microwave seed treatment proved itself possible and a good alternative to chemical
treatment. As a physical process, the microwave heating is also adequate to treat seeds in
organic production systems. The pathogen agents from seeds surface and interior will be
totally destroyed without any chemical substances. The seed microwave heating can be
used in continuous feeding systems; thicker seed layers can be treated by means of
capacitive heating in bulk or continuous systems.

Nevertheless, before effectively building the microwave installation, it is still necessary to
carry on with the research and experiments on several kinds of seeds, with different
microwave treatment devices.

3.5. Book Treatment and Pest Removal

Many documentary and patrimony materials, mainly those on paper support, are damaged
by biologic agents, as fungi or other microorganisms, and their destructive effects are
boosted by the high humidity and acid pH. So, in order to preserve these unique precious
objects, it is required to perform complex operations for restoration, conservation,
decontamination, protection etc. The specialists in this field proposed several ways of
action against these degradations, and the conservation and restoration laboratories of the
great museums are working hard for this purpose. Practically, the restoration and
reconditioning action is not aimed to attain a new cultural article, but to bring this particular
object into a state that would best express its original function.

Nowadays, special chemical substances are used to eliminate pests, pH rebalancing,
stopping of the destructive chemical reactions etc. These substances are specific to every
particular case, and their advantages are often accompanied by disadvantages, such as
toxicity for environment or human operators, difficulty of treatment, long-term secondary
effects on the treated object etc.

The action of the above-mentioned chemical substances can be enhanced by the
presence of microwaves, as their thermal effect produces the heating of the treated object
in its whole volume.

As requested by Mr. Vasile Deac, from the Bihor County Library, we carried out an
experiment in order to study the acidity neutralization treatments of paper-supported
collections, by means of specialized chemical substances (magnesia, Borax solution and
calcium hydroxide) combined with exposure to microwaves. Fig.6 shows an old book with
pages affected by high acidity, which leads to flexibility loss, hardening and crumbling of
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paper, and fig.7 the document during treatment by means of the experimental microwave
device at the University of Oradea.

Fig.6. Old book, affected by elevated acidity. Fig.7. Old document, ready for treatment with
magnesia and microwaves in the experimental
microwave research installation at the University
of Oradea.

In order to evaluate the influence of microwaves on the chemical treatment, we carried aut
the experiments and measurements as follows: document untreated and unexposed,
document untreated and exposed for 60s to maximum microwave power, document
treated and unexposed, document treated and exposed to maximum microwave power
(8350W) for 60s, 120s and 180s, The results are shown in tab.3.

Tab.3. Temperatures and pH values for an old document.

Document Ti(°C) | Tf(°C) | AT(°C) | pH
untreated, unexposed 28.2 28.2 - 5.5
untreated, exposed 60s at maximum power 29.5 40.1 10.6 57
treated 1% magnesia solution, unexposed 29.3 29.3 - 7.4
treated 1% magnesia solution, exposed 60s at maximum power 29.4 45.1 15.7 7.8
treated 1% magnesia solution, exposed 120s at maximum power 29.7 58.2 28.5 7.9
treated 1% magnesia solution, exposed 180s at maximum power 31.2 61.5 30.3 8.0

4. EXPERIMENTAL DEVICE

Because the objects must be treated with utmost care, the microwave exposure must be
carried out very attentively and only after performing tests. Also, it is recommended that
the modification of the microwave power level should be made by means of time division
with higher clock frequency, for uniform heating in time of the treated object. For this
purpose, we used the experimental installation, designed and realized within the doctoral
thesis research of Mr.Ursu. This device features accurate minute and second setting of the
treatment time, power level setting in 10 steps of 10% each, as well as setting of clock
frequency which drives the time division of the emitted microwave power. The block-
diagram of the electronic digital settable timer is shown in fig.8, and fig.9 shows the
assembled electronic command device.
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Fig.8. Block-diagram of the electronic digital timer, designed and realized.

Fig.9. Electronic digital timer, designed and realized; 1 — timer and time display, 2 — time divider, 3 —
clock frequency selector, 4 — static relay for filament command, 5 — static relay for anode command.

By means of the designed and realized device, the microwave installation can be
accurately driven according to the parameters of the required operation. The electronic
device sets the treatment time between 1 second minimum and 99 minutes and
59 seconds maximum. The power level (division factor) can be set between 10% minimum
and 100% maximum, in steps of 10% each. The novelty of this device consists in the
choice of the clock frequency for time division.

5. CONCLUSIONS

Microwaves are an advantageous alternative to the conventional heating systems. Due to
its high efficiency, the microwave usage makes possible the rational use of primary energy
sources and the short-term investment recovery, but the limited generator lifetime, the
particular safety measures and the requirements of high-qualified personnel point out that
microwave energy should be used with much caution. Special attention must be paid to the
general and particular safety standards.
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When starting up the microwave installation, as well as during use, it is required that
measurements are carried out in order to detect any microwave leakage that may occur
because of access systems inadequate tightness and of the improper operating conditions
(overload, no-load, overheat etc).
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