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Abstract. The article presents the research results of electromagnetic radiation reflection
and transmission characteristics in the frequency range 0.7-17.0 GHz of the hydrolytic lignin,
impregnated to saturation with the electrolyte water solution, at different temperatures of this
material. The research is aimed at simultaneously solving of two problems: 1) search for new
inexpensive materials for electromagnetic shielding; 2) experimental substantiation of a new
promising method of hydrolysis lignin utilization. Based on the research results, it is possible
to conclude the hydrolytic lignin is prospective for use for the manufacture of moisture-
containing materials that attenuate electromagnetic radiation energy. Such materials could be
used in the architectural electromagnetic shielding systems (including in the systems
operating under conditions other than standard) in the form of filler for air gaps of walls and
floors or filler for the building mixtures. In practice, such systems are used for protection
radioelectronic equipment or people, located inside of the buildings, from the impact
of external electromagnetic radiation.
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1. Introduction

In works [1-3] the problem of the lignin utilization and processing is actualized. The problem
is due to the following reasons:

1) an average of 70 million tons of lignin is produced in the world annually;
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2) industrial processing of lignin at present seems to be a difficult task, which is associated with
the complex composition of this material, as well as with the instability of its chemical
properties due to the dependence of the latter on the nature of the thermal effect exerted on it;

3) in dry form, lignin is a flammable, combustible and explosive material.

Lignin is a waste of the physicochemical processing of plant raw materials (mainly
wood). There are several modifications of lignin, depending on the specifics of the
production, during which it is formed:

1) hydrolytic (sulfur-free or powder) lignin, which is a waste product from the
processing of raw materials used in the hydrolysis industry; lignin of this modification is stored
in special storage facilities of the hydrolysis industry enterprise;

2) sulfate lignin, which is a waste product of the processing of raw materials used in the
cellulose industry, characterized by the property of solubility in water; lignin of this
modification is largely utilized in power plants of the cellulose industry;

3) sulfite lignin, as well as sulfate lignin, which is a waste product from the processing
of raw materials used in the cellulose industry, characterized by the property of solubility in
water; unlike sulfate lignin, lignin of the considered modification is partly stored in special
storage facilities of a pulp industry enterprise, and partly goes along with wastewater from
such an enterprise into rivers and/or lakes [4].

Thus, the problem of hydrolytic lignin utilization and processing is more urgent than the
problem of sulfate or sulfite lignin processing.

Nowadays, the following ways of lignin utilization are known:

1) use of the lignin like the carbon source [5-7];

2) manufacturing hydrogel on the base of the lignin [8-10];

3) use of the lignin like the component of air filtering materials [11,12];
4) use of the lignin like the component of UV absorbers [13-15].

It was noted in paper [16], that new strategies of lignin use should be developed, due to
the fact, that the problem of this material utilization is still unresolved. In connection with the
above, the aim of the presented work was to experimentally substantiate of new approach of
the hydrolytic lignin utilization. According to this approach, lignin could be used as the base
for obtaining moisture-containing materials that are suitable for use in the architectural
electromagnetic shielding systems (including in systems operated under conditions other than
standard). In practice, such systems are used for protection radioelectronic equipment and
people, located inside the buildings, from the impact of external electromagnetic radiation.
The aim has been set according to the following premises:

1) hydrolytic lignin is characterized by the sorption properties [17-19];

2) moisture-containing materials are effective ones for proving electromagnetic radiation losses
[20-22];

3) hydrolytic lignin (both dry and wet) is characterized by the thermal insulation properties [23].

To achieve the aim, the following tasks have been solved:

1) methods for study the electromagnetic radiation reflection coefficient (S;;) and
electromagnetic radiation transmission coefficient (S;1) characteristics have been developed;
2) S11and Sy; characteristics of moisture-containing hydrolysis lignin at different temperatures
have been obtained.

2. Materials and Methods
To carry out the research, the experimental sample has been made on the basis of hydrolysis
moisture-containing lignin in accordance with the procedure, which includes the following
stages.

Stage 1. Preparation of calcium chloride water solution of equilibrium concentration,
which is 30.0 wt. %.
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Stage 2. Impregnation of hydrolysis lignin until saturation with the prepared solution (the
ratio of the mass of hydrolysis lignin and the maximum mass of the water solution that it can
absorb and retain in the pores of its particles is 2:3).

Stage 3. Arrangement of hydrolysis lignin, impregnated to saturation with calcium
chloride water solution of equilibrium concentration, in a container made of polymer heat-
resistant material.

The length and width of the manufactured sample were 100 cm, its thickness was 0.5+0.1 cm.

To change the temperature of the manufactured sample (decrease from 25°C to 0°C and
—20°C) during the measurement of its S;; and Sy; values, as well as the temperature of the
hydrolysis lignin, impregnated to saturation with calcium chloride water solution of equilibrium
concentration, used for its manufacturing climatic test chamber "Mini Sabzero MS-71" has been
used. The indicated limits were chosen on the basis that calcium chloride water solution
of equilibrium concentration crystallizes at a temperature of ~ —20.0°C [24], and the process of
water evaporation from it begins at a temperature of 25.0°C.

Figure 1 demonstrates the dynamics of changes in the temperature of the manufactured
experimental sample in the range from —20°C to 70°C under standard conditions [25].

A MobIR M4 thermal imaging camera has been used to record the temperature of the
manufactured experimental sample. The specified device is characterized by the measured
temperatures range from —25°C to +250°C and the temperature measurement accuracy of +2°C.
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Fig. 1. Temperature dynamics of the manufactured sample

Figure 1 shows that the mathematical model of the changing process of the temperature
(t) within the range of —20°C to 25°C with time (T) of the manufactured experimental sample
can be approximated by aset of linear and logarithmic functions and, taking into account
the accuracy of the measurements, is represented by the following expressions:

4.0-T -20.0,if T €[0; 5];
10.0-1gT +2.0,if T e(5;16].

Measurements of Sy; and S; values of the manufactured sample have been carried out in
the frequency range 0.7-17 GHz. In this case, the certified measuring system has been used. It
consists of the following devices:

- the sweeping frequency generator (SFG) and the measurement signal processing unit
(panoramic meter of transmission and reflection coefficients SNA 0.01-18);
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- transmitting and receiving broadband horn lens antennas (operation frequency range
is 0.7-17,44 GHz; the aperture size is 351x265 mm?);
- blocks of directional couplers (blocks B and A/R) to isolate and detect electromagnetic waves
incident, reflected and transmitted through the sample.

To set the measurement parameters (frequency range, type of measured value) and
systematize their results, special software has been used. The measurement process included the
following stages.

Stage 1. Calibration of the measuring system before measuring of S;; values of the
manufactured sample. The calibration allowed to establish the optimal level of electromagnetic
radiation power for the operation of its detectors. Figure 2 shows the connection scheme of the
measuring system devices when calibration before measuring of S;; values. It is necessary to
note, that short circuit should be used during such calibration. This element is indicated like
"SC" in Fig. 2.
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Fig. 2. The connection scheme of the measuring system devices when calibration
before measuring of S;; values

The metal plate was used like short circuit when calibration before measuring of S;;
values of the manufactured sample. The distance between the plate and transmitting antenna
was equal to the thickness of the manufactured sample (0.5+0.1 cm). The appearance of the
measuring system when calibration before measuring of S;; values is presented in Fig. 3.
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Stage 2. Measurement of S;; values of the manufactured sample. The measurement has
been implemented in short circuit mode, when the manufactured sample was located between
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the measurement antenna and metal plate. On the base of the measurement results obtained in
such mode, it is possible to estimate the properties of the sample to absorb the electromagnetic
radiation.

Figure 4 shows the connection scheme of the measuring system devices when measuring
of Sy; values.
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Fig. 4. The connection scheme of the measuring system devices when measuring of S;; values
of the manufactured sample

In the course of measuring of Sy; values, the SFG formed a signal, which was fed through
the block A/R to the transmitting antenna. The measurement signal processing block was used
to record the amplitude of the electromagnetic radiation reflected from the surface of the
manufactured sample.

Stage 3. Calibration of the measuring system before measuring of S;; values of the
manufactured sample. The transmitting and receiving antennas were located opposite each other
during the calibration. The distance between the antennas was equal to the thickness of the
manufactured sample (0.5+0.1 cm). Figure 5 shows the connection scheme of the measuring
system devices when calibration before measuring of Sy; values.
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Fig. 5. The connection scheme of the measuring system devices when measuring
of Sy; values of the manufactured sample
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The appearance of the measuring system when calibration before measuring of S;;
values is presented in Fig. 6.
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Fig. 6. The appearance of the measuring system when calibration before measuring of Sy;
values

Stage 4. Measurement of S,; values of the manufactured sample. In this case, the SFG
formed a signal that was fed through the block A/R to the transmitting antenna. The
measurement signal processing block was used to record the amplitude of electromagnetic
radiation that passed through the sample under study (Fig. 7).
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Fig. 7. The connection scheme of the measuring system devices when measuring
of electromagnetic radiation transmission coefficient values of the manufactured sample

According to the technical characteristics of the used measuring system, the modulus of
measuring error S;; and Sy; values, provided by this system, does not exceed 10 %.

3. Results and Their Discussion

Figure 8 shows S;; frequency dependences in the range of 0.7-17.0 GHz of the manufactured
experimental sample at different values of its temperature. These dependences demonstrate
the property of the sample to absorb the electromagnetic radiation. This is due to the fact that
the dependences have been obtained on the base of the results of S;; values measurement,
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conducted under the conditions, when the sample was located between the measurement
antenna and metal plate.

It follows from Fig. 8 that if the temperature of the sample is 0.0°C, then its S;; values
in the frequency range 0.7-2.0 GHz varies within the range from -1.0 to —4.0 dB, and in the
frequency range 2.0-17.0 GHz — from -3.0 to —12.0 dB. Lower S;; values in the frequency
range 2.0-17.0 GHz of the sample compared to the similar parameter values in the frequency
range 0.7-2.0 GHz are associated with the fact that with an increase in electromagnetic
radiation frequency of, the share of its energy absorbed by the material with which it interacts
increases. It is necessary to note, that manufactured sample provides the absorption of
electromagnetic radiation in the frequency range 9.0-12.0 GHz, due to the fact that they
characterized by Si; values less than —10.0 dB.

A decrease in the sample temperature from 0.0°C to —20°C leads to the following
changes of its S;; values in the following frequency ranges:
1) an increase on 1.0-2.0 dB in the frequency range 0.7-1.1 GHz, on 1.0-5.0 dB in the
frequency ranges 1 1.0-12.0 GHz and 13.0-17,0 GHz;
2) reduction by 1.0-5.0 dB in the frequency range 1.1-2.0 GHz, by 1.0-10.0 dB in the
frequency range 6.0-11.0 GHz, by 3.0 dB at a frequency of 12.5 GHz.

S11 values inthe frequency range 2.0-6.0 GHz of the sample remain practically
unchanged when its temperature decreases from 0.0°C to —20.0°C.

An increase from 0.0°C to 25.0°C of the sample temperature leads to the following
changes of its S;; values in the following frequency ranges:

1) reduction by 1.0-13.0 dB in the frequency ranges 6.0-8.5 GHz and 9.5-17.0 GHz;
2) an increase of 5.0 dB at a frequency of 9.0 GHz.

S11 values inthe frequency range 0.7-6.0 GHz of the sample remain practically
unchanged with an increase of its temperature from 0.0°C to 25.0°C.

In general, based on Fig. 8, it can be summarized that S;; characteristic in the frequency
range 0.7-2.0 GHz of the manufactured experimental sample changes to a greater extent in the
case of a decrease from 0.0°C to —20.0°C rather than an increase from 0.0°C to 25.0°C of its
temperature, and in the frequency range 2.0-17.0 GHz — on the contrary, in the case of an
increase from 0.0°C to 25.0°C, rather than decrease from 25.0°C to —20.0°C of its temperature.
S11 values in the frequency range 0.7-1.1 GHz of the manufactured experimental sample at its
temperature of —20.0°C are higher than the analogous values corresponding to its temperatures
of 0.0°C and 25.0°C; in the frequency range 1.1-2.0 GHz, the opposite relationship is observed.
This may be due to the fact that the mechanisms of electromagnetic radiation interaction with
the manufactured experimental sample at a frequency of less than 1.1 GHz are not affected
by the presence of moisture in its composition, which determines the value of its relative
permittivity and, as a consequence, wave resistance. The mechanisms of electromagnetic
radiation interaction with the water in the gigahertz frequency range are described in detail
in [26].

Establishing the regularity of changes of S;; characteristics in the frequency range
2.0-17.0 GHz of the manufactured experimental sample, depending on its temperature, is not
possible. This may be due to the fact that such characteristic depends not only on the
temperature of the manufactured experimental sample, but also in aggregate on a number of
other factors: the relative dielectric constant of hydrolytic lignin impregnated to saturation with
calcium chloride water solution, the size of the hydrolytic lignin particles and their ratio with
the length of electromagnetic waves of the frequency range 2.0-17.0 GHz interacting with them, the
distribution of particles over the volume of the manufactured experimental sample, the
distribution of calcium chloride water solution in the pores of the particles of hydrolytic lignin
and in the space between these particles. In this regard, the calculation of the average Si; values
in the frequency range 2.0-17.0 GHz has been performed. Based on the results of the
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performed calculation, it was found that if the temperature of the manufactured experimental
sample is —20.0°C, then its average S;; value in the frequency range 2.0-17.0 GHz is 6.7 dB.
At temperatures of the manufactured experimental sample of 0.0°C and 25.0°C, its S;; values
in the frequency range 2.0-17.0 GHz are —6.3 dB and -9.5 dB respectively. Thus, we can
conclude that an increase from —20.0°C to 0.0°C of the temperature of the manufactured
experimental sample does not significantly affect its S;; average value in the frequency range
2.0-17.0 GHz. An increase from 0.0°C to 25.0°C of the temperature of this sample leads to a
decrease of its S;; average value in the frequency range 2.0-17.0 GHz, which may be
associated with a decrease of its wave impedance due to a decrease of its dielectric constant
due to the water evaporation from it at a temperature of 25.0°C.
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Fig. 8. Si; frequency dependences in the range of 0.7-2.0 GHz (a) and 2.0-17.0 GHz (b) of the
manufactured experimental sample at different values of its temperature:
—20.0°C (curves 1), 0.0°C (curves 2), 25.0°C (curves 3)

Figure 9 shows Sy frequency dependences inthe range 0.7-17.0 GHz of the
manufactured sample at different values of its temperature.
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Fig. 9. S, frequency dependences in the range of 0.7-2.0 GHz (a) and 2.0-17.0 GHz (b) of
the manufactured experimental sample at different values of its temperature:
—20.0°C (curves 1), 0.0°C (curves 2), 25.0°C (curves 3)

It follows from Fig. 9 that if the sample temperature is 25°C, then its Sy; values in the
frequency range 0.7-2.0 GHz vary within the range from —12.0 to —25.0 dB, and in the frequency
range 2.0-17.0 GHz — from -15.0 to —25.0 dB. A decrease from 25°C to —20°C of the sample
temperature leads to an increase of 5.0 dB in its Sy; values in the frequency range 0.7-14.0 GHz
and of 3.0 dB in the frequency range 14.0-17.0 GHz. An increase from 0.0°C to 25°C of the
sample temperature leads to decrease of 1.0-5.0 dB of its S,; values in the frequency range
0.7-14.0 GHz and an increase of 1.0-3.0 dB of the considered parameter values in the
frequency range 14.0-17.0 GHz. In general, based on Fig. 9, it can be summarized that the
decrease from 25.0°C to 0.0°C and from 0.0°C to —20.0°C of the temperature of the investigated
experimental sample leads to an increase of its Sy; value in the frequency range 0.7-14.0 GHz.
It could be connected with the increase of specific electrical conductivity of the hydrolysis
lignin included in its composition, impregnated to saturation with calcium chloride water
solution, with changes within the specified temperature limits of this material, and, as a
consequence, a decrease of electromagnetic radiation energy level absorbed by them.
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4. Conclusion
According to the obtained and presented results, we can to conclude, that moisture-containing
hydrolytic lignin (in privacy, lignin, impregnated until saturation with the water solution of
calcium chloride) are prospective for use in the architectural electromagnetic shielding
systems due to its following properties:
1) Sy, in the frequency range 0.7-17.0 GHz of this material are comparable with Sy; of other
porous materials (perlite, hydrogel, wood) [27-30]; in privacy, the material decreases in
10-300 times the energy of electromagnetic radiation in specified frequency range;
2) the shielding performance of this material does not degrade significantly if it is used at
temperatures around 0 (compared with the shielding performance of this material used under the
standard temperature [25]).

The studied material can be used in architectural electromagnetic shielding systems in
one of the following ways:
1) like filler for air gaps of walls and floors of the buildings, where electromagnetic radiation
equipment or people sensitive to the electromagnetic radiation impact are located;
2) like the filler of composite building mixture on the base of cement or gypsum for covering
of the walls and floors of the buildings, specified in the previous point (also such mixture
could be used for manufacturing of the panels for covering of the walls and floors of these
buildings).

Thus, the aim of the presented work has been achieved.
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