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Abstract: Thermal and athermal effects of microwave irradiation can change the structure of bio-materials
but the dielectric properties of processed material have also effects on the heat transfer simultaneously. The
relationship between the dielectric parameters and the disintegration degree or the biodegradability has not
been investigated for wastewater sludge yet. Therefore our experimental work was focused on the
measurement of dielectric properties of sludﬁe originated from meat processing wastewater, furthermore the
relationship and correlation between the parameters related to the organic matter solubility,
biodegradability and the dielectric parameters, such as the dielectric constant and dielectric loss factor were
also analyzed. Experimental results have verified that during MW processing the structure of wastewater
sludge has been efficiently disintegrated, this effect was manifested in an increased migration ability of ions
liberated from the polymeric matrix of sludge and from intracellular components. These structural changes
have led to increased value of dielectric constant and loss factor. The temperature depending change of
disintegration degree of sludge has a good correlation with dielectric loss factor and biodegradability,
characterized by the ratio of biochemical to chemical oxygen demand.
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1. INTRODUCTION

Professionals in food industry companies face the high disposal costs of bio-wastes and the rising
price of energy sources. Nowadays the renewable energy generation can be often connected to
waste management technologies (Laszlo et al., 2007). For example, since an effective utilization of
food industrial biomass waste has desired, the establishment and optimization of an efficient
biogas production process from these waste materials is very important from perspectives of both
energy and environmental issues (Kalmar et al., 2010).Food industry generates a huge amount of
liquid and solid organic waste and by-products. Beside the considerable environmental risk of
waste, it has a good potential to indirect bio-energy production for example in anaerobic digestion
(AD) process. Biofuel production from agri-food wastes can also contribute to make waste
management more socially acceptable, sustainable and cost effective (Nagy and Farkas, 2013).
Some pre-treatments assist or accelerate the hydrolysis of macromolecules or enhanced
volatilization. Among pre-treatments, microwave irradiation alone or combined it with other
thermal and chemical methods is considered as an intensive process with short process time and
good ability to enhance the disintegration of sludge flocks and to accelerate the biological
degradation of organic materials (Leonelli and Mason, 2010). Application of MW irradiation
combining with the oxidation process, such as ozonation, can also be considered to be promising
technology as pre-treatment before AD of high organic matter containing but less degradable
sludge (Beszédes et al., 2009). Energy transfer carried by microwave irradiation affect the
biodegradability of materials in two ways. Thermal effect is expressed in the increase of internal
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pressure of intracellular liquor caused by internal heating and rapid evaporation, which altogether
can lead to cell wall disruption (Géczi et al., 2013). The non-thermal effect of high frequency
electromagnetic field contributes to alter the structure of macromolecules with polarization of side
chains and breaking of hydrogen bounds (Park et al., 2004; Lakatos et al., 2005).High efficiency of
MW treatments in the biomaterial processing and also on the rate of chemical reactions is often
explained by the non-thermal effects of microwaves due to the direct interaction of
electromagnetic field with molecules (Szerencsi et al., 2009).

Thermal and a-thermal effects of the microwave (MW) irradiation play role in the “hot-spot”
overheating phenomena, and the different dielectric parameter of cell components led to selective
heating manifested in the different thermal stress, which contributes in the intensive degradation
of cell wall components such as cellulose and pectin (Banik et al., 2003). MW pre-treatment has
verified positive effects on cell wall destruction and releasing of organic matter into the soluble
phase, but combining of it with addition of chemicals such as alkali, acid and oxidizer agents cause
synergetic mechanism to accelerate the decomposition under aerobic and anaerobic condition., as
well (Beszédes et al., 2011).The dielectric properties, namely the dielectric constant (¢’) and the
dielectric loss factor (¢”) are important for predicting the behavior of materials during microwave
processing, because both of them determine the interaction between the molecules with the
oscillating electromagnetic field (Géczi et al.,, 2013). Dielectric constant measure the ability of
material to store the irradiated energy, the value loss factor relate to the ability of material to
convert electric energy into heat (Zheng et al., 2009).

The most of MW application aim the rapid heat generation, therefore influence of temperature on
the dielectric parameters was one of the main key issues of microwave research. Dielectric constant
of sludge decreases with increasing temperature, as well as the dielectric loss factor. Contrary to
the MW drying process of solid biomaterials, penetration depth is not changed in a wide
temperature range under 100°C during sludge processing, what do not decrease the energetic
efficiency of the MW operation.

2. MATERIALS AND METHODS

Investigated wastewater sludge was originated from meat industry with a total solid (TS) content
of 9.7%, initial total COD of 105.9 kgm?3, and soluble COD of 20.1 kgm-. The chemical oxygen
demand of sample was measured triplicated using colorimetric standard method (APHA, 2005).
COD in supernatant was determined after separation by centrifugation (12,000 rpm for 10 minutes)
and prefiltration (0.45 pm Millipore disc filter). The biochemical oxygen demand (BOD:s)
measurements were carried out in a respirometric BOD meter (BOD Oxidirect, Lovibond,
Germany), at 20 °C for 5 days.

Dielectric constant (¢) and dielectric loss factor (¢”) were determined in a tailor made
dielectrometer equipped with a dual channel NRVD power meter (Rohde & Schwarz). Magnetron
of dielectrometer operates at a frequency of 2450 MHz. &’ and €” was calculated from the reflection
coefficient phase shift, incident and reflected power.

3. RESULTS AND DISCUSSION

In the first series of our experiments the dielectric constant (¢’), the dielectric loss factor (¢”) and
temperature dependency of them were determined. For the analysis two sludge sample were used
with different dry matter content (SL1=9,7 w%; and SL2=14,8 w%). SL2 sludge was prepared from
SL1 sludge by addition of concentrated sludge fraction to achieve higher dry matter content. The
temperature range of measurements was 20-80°C to avoid boiling, because bubbles containing
vapor disturb the analysis of dielectric parameters in the measuring cell of dielectrometer used in
our experiment. Fluctuation of dielectric parameters can occur when boiling point is reached
during the heating, or air bubbles are arisen in the fluid.

Our experimental results show, that despite of the high moisture content of sludge, temperature
depending behavior of & was different that of can be known for water. SL1 sludge had a
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decreasing tendency in the temperature range of 20-60°C, but over a critical value of the
temperature increasing induced an increment in the value of ¢ (Figure 1). SL2 sludge with higher
dry matter content had a different behavior as a function of temperature, because over the
temperature of 60°C increment of € was not significant. Change of dielectric loss factor, as the
function of temperature, has a similar tendency to & for SL1 sludge. Contrary to the different
behavior of ¢, tendency of the change in the value of &” for SL1 was similar to that of measured for
SL2 (Figure 2). The temperature depending breaking point for £” was different for the two type of
sludge with different dry matter content.
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Figure 1. Dielectric constant (¢”) of SL1 and SL2 Figure 2. Dielectric loss factor (¢”) for SL1 and SL2
sludge samples at different temperature sludge

After decreasing phase the value of &” starts to increase at 50°C and 40°C for SL1 and SL2 sludge,
respectively. Therefore, it can be concluded, that the value of dielectric loss factor was influenced
by the temperature moisture content of sludge, as well. Because the quantity of sample and the
water content was not changed during the measurement the special behavior of £” was assumed to
the structural change of sludge.

In order to find explanation for the change of £” and to confirm our hypothesis on structural
change, in other experimental series the ratio of soluble chemical oxygen demand (sCOD) to the
total chemical oxygen demand (tCOD) was determined, which correlate the disintegration degree
and the solubility of sludge organic matters. Our experimental results verified that the change of
sCOD/tCOD has a good linear correlation with the dielectric loss factor (Figure 3).
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Figure 3. Relationship between solubility of organic Figure 4. Correlation between the biodegradability

matter and &” and dielectric loss factor

The thermal treatments resulted in the disruption of cell wall and disintegration of sludge
structure what has an increasing effect of the ratio of fee water content to the bounded water in the
sludge. On the other hand, the degraded cell walls led to the liberation of intracellular substances
and the hydrolysis of macromolecules resulted in a higher concentration and enhanced migration
ability of ions and polar compounds. Above a certain temperature, when sludge disintegration
reach a critical value, the change of dielectric parameters are more influenced by the ionic
migration than the dipole rotation (Leonelli and Mason, 2010).

On the other hand, the change in solubility of organic matter has also effect on biodegradability.
The correlation between solubility and biodegradability given as the ratio of BOD to COD has been
verified earlier (Beszédes et al.,, 2009). Similar to the trends for the solubility change, a good
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correlation was found between the dielectric loss factor and the change of biodegradability
measured by the BOD/tCOD parameter (Figure 4).

Because the biodegradability is linked to the solubility of organic matter content of sludge, the
change of BODs/tCOD parameter show similar trends that of obtained from sCOD/tCOD analysis.
The measurement of dielectric parameters, mainly the dielectric loss factor (¢”), provide an in-line
feasibility for estimation the change in biodegradability and the efficiency of sludge disintegration
during the microwave sludge conditioning process.

4. CONCLUSION

In our work the dielectric constant (¢’) and the dielectric loss factor (¢”) was measured for a meat
processing wastewater sludge. There was found, that & and €” decreasing with increasing
temperature, but over a certain value of temperature (depending on the dry matter content of
sludge) start to increase. This behavior of dielectric parameters is in a relationship with the
structural change of sludge, which was characterized by the sCOD/tCOD ratio and the
biodegradability of organic matter content of sludge, which was given by the ratio of BODs to
tCOD. Our experimental results verified that the change in the value of dielectric loss factor
correlate with the disintegration degree and the biodegradability of sludge, as well Correlation
between the electrical parameters and biodegradability indicators enable to develop a real-time
and in-line measuring and control system for batch and continuous flow microwave sludge
conditioning technology.
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