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INVESTIGATION OF MICROWAVE DRYING OF SEEDS
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Agricultural products, such as seeds are highly perishable due to the moisture content [1]. Until
recently convective drying was generally used to remove unwanted water from the products. Hot air
drying by itself is relatively efficient for removing free water from the surface environment [1].
However, moving internal moisture to the surface takes rather a long time. Convective air drying has
low energy efficiency especially during the falling rate period of the drying curves. It is well known that
high temperature or long drying time may lead to serious damage to flavor, color, and nutrients. it can
also cause shrinkage, case hardening, and the reduction in the rehydration capacity of the dried product
[1-3] The major research goal is to eliminate these problems to improve the product yuality and achieve
fast and effective drying by developed altering methods and/or process conditions. The use of
microwave energy for moisture removal seemed to be a good solution to overcome some of the
problems associated with convective drying methods [4]. During microwave drying, heat is generated
through the wet material, which results in a faster heating rate and a shorter drying time than in the case
of convective drying. The unique “pumping action” of microwave energy provides an efficient way of
removing internal water. As a result, drying is more efficient in the falling rate period compared with
that of hot air drying. Another special characteristic of microwaves is that they can easily penetrate the
dry layers of the material to be absorbed directly by the moisture at the water front. Microwave
processing can be considered as an energy efficient system in respect that most of the electromagnetic
energy is converted into heat when microwaves interact with dielectric material. However, it is
important to note, that only 50%-70% of the line power is converted into microwave radiation by
magnetrons and only a part of this field is absorbed by the material to be dried depending on its
dielectric properties, moisture content, etc. The microwave drying process can easily be controlled
because the heat is transferred into the material without any kinetic limitations. Based on this property it
is possible to improve energy efficiency of the process by using an adequate temperature control.
Microwave drying, however, has also some drawbacks, such as physical damage of the products. As a
result of overheating and uneven temperature distribution, local temperature is rising continuously with
the reduction in moisture content.

The drying experiments convective and hybrid drying were carried out in a developed hybrid
apparatus of big laboratory size using moistened wheat as model material. The moisture content of the
wheat was 20 %. water/g dry material. The moistening process was performed in a FBD to promote
uniform water distribution. The calculated amount of water was sprayed onto the moving wheat layer.
The moistened wheat was then filled into a well closing vessel and was held in this for 36 h to equalize
the water content.

Drying experiments were carried out under different conditions to determine the energy
consumption; the maximum microwave power output was 450 W. In order to maximize the absorbed
microwave energy and the minimum reflected energy partial operational optimization was carried out
with the following optimization variables:

* the height of the spouted bed consisting of wheat,
* the W/g specific microwave power,

¢ the volumetric velocity of the drying air,

* the temperature of the entering air.

Microwave processing can be considered as an energy efficient system since most of the
electromagnetic energy is converted to heat when microwaves interact with dielectric material.
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However, it must be mentioned that only 45 %-65 % of the line power is converted into
microwave radiation by magnetrons and only a part of this field is absorbed by the material to be dried
depending on its dielectric properties, moisture content, etc. The microwave drying process can easily
be controlled because the heat is transferred in the material without any Kkinetic limitations. Utilizing
this feature of microwaves, by energy efficiency of processing can be improved using adequate tem
perature control. Microwave drying, however, has also some drawbacks, such as physical damage of
the products, as a result of over-heating and uneven temperature distribution, the rising of local
temperature simultaneously with the reduction in moisture content. Experimental investigations were
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Fig. 1. The scheme of installation for research of
kinetics of drying of grain materials at

microwave and convective heating:

1 - doors; 2 - magnetron; 3 - magnetron cooling
systems; 4 - experimental cell with material for
research; 5 - working chamber; 6 - electric heater; 7
- fan

carried out in three series. The experimental error
resulting from five parallel experiments of each run
was obtained by calculating the maximal deviation
between the measured and mean concentrations. The
maximum  deviation between five parallel
experiments was 0.25 %-0.7 %. Based on the results
of series 1, it was concluded that the most effective
drying effect low drying time and energy
consumption could be achieved by hybrid drying.
The specific energy consumption was almost the
same for microwave and convective drying;
however, the drying time when using the convective
method was very long. During the experiments
carried out to investigate the effect of the magnetron
waste energy utilization the magnetron cooling air
was used Instead of the electrical heated air, it could
be stated that the drying time could be decreased
from 35 min to 13 min, furthermore the specific
energy consumption was diminished from 4,6 to
6,7Wh/g. A hybrid system was set up in which the
magnetron waste energy was utilized to obtain the
best drying conditions and also a temperature
control was applied to avoid the overheating of the
dried product.
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