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B Introduction

With the rapid development of wireless
communication in the fields of industry
and commerce and the military field,
electronic devices tend to be more minia-
turised and have higher frequency. How-
ever, the wide use of wireless devices
such as mobile phones, radar and other
electronic devices will cause great harm
to human health, electronic instruments,
and national security [1-4]. Therefore, the
electromagnetic interference and electro-
magnetic pollution problem is paid great
attention. Through study we found that
shielding material and wave-absorbing
material was an effective way to solve
problems of electromagnetic interference
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Abstract

In this subject, a single-layer coated composite for nickel powders was prepared using
PU2540 polyurethane as the matrix, nickel powder as the wave-absorbing functional particle,
and coating technology on plain cotton fabric. The influence of wave-absorbing functional
particles on the dielectric, shielding effectiveness and mechanical properties of the single
-layer coated composite for nickel powders was mainly analysed and compared. Results
showed that the real and imaginary parts and loss tangent of the dielectric constant were
all the largest when the iron powder was mixed with the nickel powder, and its polarizing
ability, loss ability and attenuation ability with respect to electromagnetic waves were all the
maximum. When the graphene was mixed with the nickel powder, the shielding attenuation
ability with respect to electromagnetic waves was the best.

Key words: nickel powders, single-layer coating, electromagnetic shielding, dielectric
properties.

[5-9]. Electromagnetic shielding materi-
al has always followed the research idea

(graphene, silver-coated copper pow-
ders, graphite, silver-coated glass beads

of “thin, light, wide and strong”, as well
as trying to use a variety of composite
materials to meet process requirements
[10-14]. Ideal electromagnetic shielding
material should meet the following re-
quirements: (1) it has ideal impedance
matching, in order to attenuate the elec-
tromagnetic energy in the absorbing me-
dium; (2) the energy formed by the elec-
tromagnetic wave incident to the material
shall be converted into electrical energy,
heat energy, mechanical energy and other
forms of energy, so that it is attenuated in
a large amount, even experiencing con-
sumption [15-21].

In this study, a single-layer coated com-
posite for nickel powders was prepared
using PU2540 polyurethane as the ma-
trix, nickel powder as the wave-absorbing
functional particle, and coating technolo-
gy on plain cotton fabric. The influence
of wave-absorbing functional particles

Table 1. Main experimental drugs.

Drug/reagent name Specification

Graphite powders Q/HG3991-88

and iron powders) (the ratio of nickel
powders and wave-absorbing function-
al particles was 1:1) on the dielectric
properties, shielding effectiveness and
mechanical properties of the single-layer
coated composite for nickel powders was
mainly analysed and compared.

B Experimental

Main experimental materials

Main experimental materials: cotton
(plain woven), provided by Nantong Lin-
ya Textile Co., LTD.

The main experimental drugs were shown
in Table 1.

(1) The chemical composition of car-
bonyl nickel powder is as follows:
nickel: 99.79%, carbon: 0.090%, ox-
ygen: 0.11%, sulfur: 0.0010%, carbon

Manufacturer

Tianjin Fengchuan Chemical Technology Co., LTD

Carbonyl nickel powders W-5 Shenzhen Changxinda Shielding Materials Co., LTD
Graphene 5~15 uym Tianjin Kairuisi Fine Chemical Co., LTD.
Silver-coated copper powders P-30 Shenzhen Changxinda Shielding Materials Co., LTD
Silver-coated glass beads CXD-SG3020 = Shenzhen Changxinda Shielding Materials Co., LTD
Micron iron powders 1~3 uym Shenzhen Changxinda Shielding Materials Co., LTD
Guangzhou Yuheng Environmental Protection
Polyurethane PU2540 Materials Co.. LTD
Thickener 7011 Guangzhou Dianmu Composite Operating

Department
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Figure 1. Test cell of the dielectric spectrometer:

monoxide: 0.001%, and iron: 0.001%;
and physical properties — apparent den-
sity 0.58 g/ecm3, and average particle
size 2.37 pm, in the form of powder
groups. The particle size distribution is
D50:5 um. (2) The chemical composi-
tion of the silver-coated hollow glass
beads is as follows: Ag content 20%,
and the physical properties: Scott density
1.43 g/cm?, powder resistivity 1.1 W-cm,
average particle size 30 pum, distribution
of particle size D10: 15 pm, D50:30 pm,
and D90:35 pm, in a spherical form.
(3) The properties of silver-coated copper
powders are as follows: apparent density
1.6~1.8 g/cm?, reference paint resistance
0.02 W-cm, distribution of the particle
size D10: >215.0 um, D50:26.7~27.3 pm,
and D90: <50 um, with a silvery white
flake appearance: PU2540 polyurethane
resin has a 40% waterborne polyurethane
dispersion, with excellent performance,
which has the advantages of good tough-
ness and bending resistance. The den-
sity of PU2540 polyurethane resin is
1.04 g/cm3. At 25 °C, the viscosity of
PU2540 polyurethane resin is less than
300 mPa-s. The viscosity of PU2540 pol-
yurethane resin is less than 300 mPa-s.
The role of the thickener is to regulate
the viscosity of polyurethane; the more

thickener there is, the greater the viscosi-
ty of polyurethane.

Preparation of materials

(1) An adequate quantity of wave-ab-
sorbing functional particles and polyure-
thane were taken according to the formu-
la of the coating, leading to the mass of
the absorbing agent occupying a certain
proportion of that of polyurethane; and
then polyurethane was mixed with ad-
ditives, and stirred for 40 minutes with
an electric blender. (2) After the whole
absorbing agent was added into the pol-
yurethane, the thickener was added to
increase the viscosity of the coating to
achieve the standard required in the ex-
periment. The stirred coating was poured
into a beaker within a suitable range, and
the viscosity was measured by a viscosi-
ty meter. Finally, the preparation of the
coating was finished. (3) A needle plate
with a base cloth was fixed on a coating
machine for small samples, adjusting pa-
rameters such as the thickness and stroke,
and acoating with a certain thickness
and length of 30 cm could be prepared.
(4) After the coating, the coated fab-
ric was immediately placed in a drying
oven, whose temperature was maintained
at 80 °C, and then dried for a certain

time. At this point, the preparation of the
single-layer coating for the fabric was
finished. After drying, the coating was
removed and kept at room temperature
until it had dried naturally.

Specific requirement of parameters
of the coating

The wave-absorbing functional particle
was used as the variable, and the absorb-
ing agent of the coating (relative to the
polyurethane) was selected, whose con-
tent was 10%. The viscosity was main-
tained at 40000 mPa-s, and the coating
thickness of the nickel powders was
0.5 mm. A single-layer coated composite
of five different wave-absorbing func-
tional particles was prepared by changing
the wave-absorbing functional particles.

Test indicators
Test of the dielectric constant

Tests of the real and imaginary parts of the
dielectric constant and loss tangent were
carried out according to GB/T 5597-1999
(Test Method of the Microwave Complex
Dielectric Constant of the Solid Dielec-
tric). The sample was correctly placed in
the measuring head of a dielectric spec-
trometer and clamped tightly. The calcu-
lated thickness was inputted, the parame-
ters required were then set, and finally the
test was started. Figure I shows the test
cell of the dielectric spectrometer.

Test of the shielding effectiveness

The measurement method for the shield-
ing effectiveness of electromagnetic
shielding materials is in the GB/T12190
standard. The shielding effectiveness of
the coating was measured using a vector
network analyser.

Test of tensile properties

According to the experimental method of
GB 1447-2005 for the tensile properties
of fibre-reinforced plastics, the sample
size was 5 cm % 20 cm and the clamping
distance 10 cm.

Table 2. Process parameters of nickel powders combining with different wave-absorbing functional particles.

Wave-absorbing functional

Number particles and its proportion
1 Graphene: nickel powders = 1:1
2 Silver-coated copper powders:
nickel powder = 1:1
3 Graphite: nickel powders = 1:1
4 Silver-coated glass beads: nickel
powders = 1:1
5 Iron powders: nickel powders = 1:1
76

Percentage relative | Stirring Viscosit Coating
to polyurethane, time, mPa sy’ thickness,
% min mm
10 40 40000 0.5
10 40 40000 0.5
10 40 40000 0.5
10 40 40000 0.5
10 40 40000 0.5

Velocity of the Temperature | Drying

coating machine, | of the drying time,
cm/min oven, °C min

60 80 10

60 80 10

60 80 10

60 80 10

60 80 10

FIBRES & TEXTILES in Eastem Eurgpe 2020, Vol. 28, 5(143)



AL

1 1 1 1 1 1

42r =2 030}
-3
-4
4.0 | -5
= 025}
2 381 g
= £
E 3.6 c
£ oor S o020t
o
341
0.15F
3.2}
3.0 1 1 1 1 1 1 1 1 1 0.10 1 1
00 02 04 06 08 10 12 14 16

Frequency, GHz

Figure 2. Influence of wave-absorbing functional particles on the
real part of dielectric constant of single-layer coated composites.

B Results and discussion

Influence of wave-absorbing
functional particles on the dielectric
properties of single-layer coated
composites

In order to study the influence of
wave-absorbing functional particles on
the dielectric properties (real and imagi-
nary parts and loss tangent value) of sin-
gle-layer coated composites, single-layer
coated composites of five different types
of wave-absorbing functional particles
were prepared by changing the combi-
nation of wave-absorbing functional par-
ticles (graphene powders, silver-coated
copper powders, graphite, silver-coat-
ed glass beads and iron powders) with
nickel powders on plain cotton fabric.
The specific process parameter is shown
in Table 2.

The percentage relative to polyurethane
referred to the total mass percentage of
two types of wave-absorbing functional
particles occupied for the polyurethane.

Samples of the coated fabric were pre-
pared and the dielectric properties tested
within a range from 10 MHz to 1.5 GHz.
Curves of the real and imaginary parts
and the loss tangent value of the dielec-
tric constant are shown in Figures 1, 2
and 3, respectively.

The dielectric constant can indirectly
evaluate the electromagnetic proper-
ties of microwave absorbing materials.
The dielectric constant was composed of
three parts: the real and imaginary parts
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posites.

and the loss tangent value. The real part
showed the polarisation degree of the
materials under an applied electric field,
where the larger the value of the real part,
the greater the polarisation ability of the
materials. the imaginary part showed the
loss ability of the materials under an ap-
plied electric field. The larger the value of
the imaginary part, which showed the re-
alignment of the electric dipole moment
under an applied electric field, the greater
the loss ability respect to electromagnet-
ic waves [18-19]. The loss tangent value
can also indirectly show the absorption
ability of materials, which was used for
characterising the absorption and attenu-
ation ability of the materials, where the
larger the value thereof, the greater the
attenuation ability [22-26].

As can be seen from Figure 2, within the
range of 0.01 to 0.3 GHz, the real part
of the dielectric constant for sample 5#
decreased the fastest, followed by 1#,
4#, 2# and 3#. Within the range of 0.3
to 1.5 GHz, the real part of the dielectric
constant for the five samples continued
to decrease, among which the real part
of the dielectric constant for sample 5#
decreased the fastest, followed by 4#, 1#,
3# and 2#. Within the range of 0.01 to
1.5 GHz, with increasing frequencies of
the applied electric field, the real part of
the dielectric constant for the five sam-
ples: 1#, 2#, 3#, 4# and 5# all gradually
decreased, as with the polarising ability;
thus, we can know that this type of sin-
gle-layer coated composite was suitable
for absorbing electromagnetic waves at
alow frequency. When the frequency

00 02 04 06 08 10

12 14 16
Frequency, GHz

Figure 3. Influence of wave-absorbing functional particles on the
imaginary part of dielectric constant of single-layer coated com-

was 0.01 GHz, values of the real part of
the dielectric constant of each sample
were all at the maximum, and the polaris-
ing ability of the magnetic field produced
in the coating with respect to the applied
magnetic field was the strongest. Within
the range of 0.01 to 1.5 GHz, with in-
creasing frequencies of the applied elec-
tric field, the real part of the dielectric
constant was the largest for sample 5#,
whose polarising ability with regard to
electromagnetic waves was the strongest,
followed by 1#, 3#, 4# and 2#. Name-
ly, within the range of 0.01 to 1.5 GHz,
the real part of the dielectric constant of
the coating of iron powders mixed with
nickel powders at the given ratio was
the largest, whose polarising ability was
the strongest, followed by the coatings
with the addition of graphene powders,
graphite powders, silver-coated glass
bead powders and silver-coated copper
powders. The coating of nickel powders
mixed with iron powders at the given
ratio had the maximum value of the real
part of the dielectric constant, and the
strongest polarising ability.

As can be seen from Figure 3, within
the range of 0.01 to 0.3 GHz, the imag-
inary part of the dielectric constant for
sample 3# increased the fastest, followed
by 5#, 4#(1#) and 3#. Within the range
of 0.3 to 0.7 GHz, values of the imagi-
nary part of the dielectric constant for
the five samples: 1#, 2#, 3#, 4# and 5#
all increased gradually. Within the range
of 0.7 to 1.5 GHz, with increasing fre-
quencies of the applied electric field, the
imaginary part of the dielectric constant
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Figure 4. Influence of wave-absorbing functional particles on the
tangent value loss of single-layer coated composites.

for the five samples — 1#, 2#, 3#, 4# and
5# all remained unchanged at first, and
then had a modest decline. Within the
range of 0.01 to 0.3 GHz, the imaginary
part of the dielectric constant for sample
3# increased the fastest, followed by 5#,
4#(1#) and 3#. Within the range of 0.01
to 0.3 GHz, the imaginary part of the di-
electric constant for the five samples: 1#,
2#, 3#, 4# and 5# all increased gradually.
Within the range of 0.7 to 1.5 GHz, with
increasing electric field frequencies, the
imaginary part of the dielectric constant
for the five samples i.e. 1#, 2#, 3#, 4# and
5# all remained unchanged at first, and
then had a modest decline. Within the
range of 0.01 to 1.5 GHz, with increasing
frequencies of the applied electric field,
the imaginary part of the dielectric con-
stant for the five samples: 1#, 2#, 3#, 4#
and 5# all increased gradually, the loss
ability to electromagnetic waves also
improved gradually. When the frequency
was 0.01 GHz, values of the imaginary
part of the dielectric constant were all at
the minimum for each sample, and the
loss ability with respect to electromag-
netic waves was the weakest. Within the
range of 0.01 to 1.5 GHz, with increas-
ing frequencies of the applied electric
field, the imaginary part of the dielectric
constant for sample 5# was the largest,
and the loss ability with regard to elec-
tromagnetic waves was the strongest,
followed by 1#, 4#, 3# and 2#. Name-
ly, within the range of 0.01 to 1.5 GHz,
the imaginary part of the dielectric con-
stant of the coating when iron powders
were mixed with nickel powders at the
given ratio was the largest, and the loss
ability was the strongest, followed by

78

the coating containing graphene pow-
ders, silver-coated glass beads powders,
graphite powders and silver-coated cop-
per powders.. Within the range of 0.01
to 1.5 GHz, with increasing frequencies
of the applied electric field, the imagi-
nary part of the dielectric constant for
the five samples: 1#, 2#, 3#, 4# and 5#
all showed a trend of increasing at first
and then experiencing a modest decline;
the loss ability with respect to electro-
magnetic waves also showed a trend of
increasing at first and then experiencing
a modest decline. When the frequency of
the applied electric field was 0.5 GHz,
the value of the imaginary part reached
the maximum value, and the loss abili-
ty of the magnetic field produced in the
coating with respect to the applied mag-
netic field was the strongest. The imagi-
nary part of the dielectric constant of the
coating when iron powders were mixed
with nickel powder at the given ratio was
the largest, and the loss ability was the
strongest.

As can be seen from Figure 4, within
the range of 0.01 GHz to 0.7 GHz, the
increased speed of the loss tangent value
for the five samples: 1#, 2#, 3#, 4# and
5# was almost the same. Within the range
of 0.7 to 1.5 GHz, with increasing fre-
quencies of the applied electric field, the
loss tangent value of 5# had a modest in-
crease, while that of 1#, 2#, 3# and 4# re-
mained the maximum. Within the range
of 0.01 to 1.5 GHz, with increasing fre-
quencies of the applied electric field, loss
tangent values for the five samples — 1#,
2#, 3#, 4# and 5# all increased gradually,
and the attenuation ability with regard to

40 60 80 100 120 140 160

Frequency, MHz

Figure 5. Influence of wave-absorbing functional particles on the
shielding effectiveness of single-layer coated composites.

electromagnetic waves also rose gradu-
ally. When the frequency was 0.01 GHz,
the loss tangent values of each sample
were at the minimum, and the attenua-
tion ability with respect to electromag-
netic waves was the weakest. Within the
range of 0.01 to 1.5 GHz, with increasing
frequencies of the applied electric field,
the loss tangent value of 5# was at the
maximum, and the attenuation ability of
electromagnetic waves was the strongest,
followed by 1#, 4#, 2# and 3#. Within the
range of 0.01 to 1.5 GHz, the loss tangent
value of the coating when iron powders
were mixed with nickel powders at the
given ratio was the largest, and the atten-
uation ability was the strongest, followed
by the coating containing graphene pow-
ders, silver-coated glass beads powders,
silver-coated copper powders and graph-
ite powders. Within the range of 0.01 to
1.5 GHz, with increasing frequencies of
the applied electric field, the loss tangent
value of the five samples: 1#, 2#, 3#, 4#
and 5# all remained unchanged after first
increasing. When the frequency of the
applied electric field was 0.8 GHz, the
loss tangent value reached the maximum,
and the attenuation ability of the mag-
netic field produced in the coating with
respect to the applied magnetic field was
the strongest.

Influence of wave-absorbing
functional particles on the shielding
effectiveness of single-layer coated
composites

In order to study the influence of
wave-absorbing functional particles on
the shielding effectiveness of single-lay-
er coated composites, single-layer coat-

FIBRES & TEXTILES in Eastem Eurgpe 2020, Vol. 28, 5(143)
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Figure 6. Influence of wave-absorbing functional particles on the
shielding effectiveness of single-layer coated composites.

ed composites of five different types of
wave-absorbing functional particles were
prepared by changing the combination
of wave-absorbing functional particles
(graphene powders, silver-coated copper
powders, graphite, silver-coated glass
beads and iron powders) with nickel
powders on plain cotton fabric. The spe-
cific process parameter is shown in 7a-
ble 2.

Samples of coated fabric were prepared,
the t shielding attenuation value was test-
ed in a test range of 100 kHz to 1.5 GHz.
The curve of the frequency-shielding
attenuation value is shown in Figures 5
and 6 (amplification of Figure 5).

Table 1 shows that the resistivity of
graphene was 10¢ W-cm, the resis-
tivity of silver-coated copper pow-
ders 0.02 Q-cm, that of graphite
(8~13)x10* Q-cm, that of silver-coated
glass beads 1.1 Q-cm, that of iron pow-
ders 9.78x10° Q-cm, and that of nickel
powders was 6.9x10° Q-cm. Thus it was
concluded that the order of resistivity
of wave-absorbing functional particles
was graphene < nickel powders < iron
powders < graphite < silver-coated cop-
per powders < silver-coated glass beads,
and the order of conductive properties
of wave-absorbing functional particles
was graphene > nickel powders > iron
powders > graphite > silver-coated cop-
per powders > silver-coated glass beads.
Free electrons in graphene were really
free, which were almost not limited by
carbon atoms; thus, the resistivity was
very small, as well as the resistance, and
the electric conductivity was the best,

FIBRES & TEXTILES in Eastemn Eurgpe 2020, Vol. 28, 5(143)

which was more than that of all metal.
The shielding effectiveness was related
to the electric conductivity, the better the
conductivity of the coating, the better the
shielding effectiveness [33].

As can be seen in Figure 5: within the
range of 0.1 MHz to 150 MHz, with in-
creasing frequencies of the applied elec-
tric field, the shielding attenuation val-
ues of the five samples — 1#, 2#, 3#, 4#
and 5# all gradually decreased, with the
decreasing speed being about the same.
Within the range of 60 to 150 MHz, with
increasing frequencies of the applied
electric field, the shielding effectiveness
of the five samples continued to decrease,
but the decreasing speed had obviously
decreased. Within the range of 0.1 to
150 MHz, with increasing frequencies of
the applied electric field, the shielding at-
tenuation values of the five samples — 1#,
2#, 3#, 4# and 5# all gradually decreased,
and the shielding effect with respect to
electromagnetic waves fell; thus, when
the frequency was 0.1 MHz, the largest
shielding attenuation value was obtained.
When the frequency was 0.1 MHz, the
maximum values of the shielding atten-

10 15 20 25

Displacement, mm

Figure 7. Influence of wave-absorbing functional particles on the
tensile strength of single-layer coated composites.

vation of 1 #, 2 #, 3 #, 4 # and 5 # were
61.56 dB, 61.37 dB, 61.00 dB, 61.51 dB
and 63.80 dB, respectively. As can be
seen from Figure 6, within the range
of 30 to 60 MHz, with increasing fre-
quencies of the applied electric field, the
shielding attenuation value of 1# was the
strongest, as well as the shielding atten-
uation ability with regard to electromag-
netic waves, followed by 5#, 2#, 3# and
4#. Within the range of 0.1 to 150 MHz,
with increasing frequencies of the applied
electric field, the shielding attenuation
value of the coating whose added func-
tional particles were silver-coated glass
beads remained the largest, the shielding
attenuation ability the strongest, and the
shielding effectiveness was the best, fol-
lowed by the coatings with the addition
of graphite powders, silver-coated cop-
per powders, iron powders and graphene
powders. The shielding attenuation value
decreased in turn, and the shielding at-
tenuation with respect to electromagnetic
waves also decreased. Within the range
of 0.1 to 150 MHz, with increasing fre-
quencies of the applied electric field, the
order of shielding effectiveness of the
coating with the addition of functional

Table 3. Parameters of the mechanical properties of different wave-absorbing functional

particles.
The maximum The maximum
Number load, load-displacement,
N mm
1 385.7225 15.42316
2 364.33765 16.42323
3 507.21219 21.59006
4 394.11127 11.92333
5 44432272 19.75661

The tensile stress value The elasticity

of the maximum load, modulus,
MPa MPa

7.71445 105.24088

7.28675 86.93659

10.14424 94.89884

7.88223 102.56672

8.88645 90.87496
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particles was silver-coated glass beads >
graphite > silver-coated copper powders
> iron powders > graphene.

Influence of wave-absorbing
functional particles on the mechanical
properties of single-layer coated
composites

In order to study the influence of
wave-absorbing functional particles on
the mechanical properties of single-lay-
er coated composites, single-layer coat-
ed composites of five different types of
wave-absorbing functional particles were
prepared by changing the combination
of wave-absorbing functional particles
(graphene powders, silver-coated copper
powders, graphite, silver-coated glass
beads and iron powders) with nickel
powders on plain cotton fabric. The spe-
cific process parameter is shown in 7a-
ble 2.

Atest of the tensile properties of the
materials was carried out on an Instron
universal material experiment machine.
The parameter of the mechanical proper-
ties is shown in Table 3.

Samples of the coated fabric were
prepared. The curve of the displace-
ment-load is shown in Figure 7.

It can be seen from Figure 7 that when
0 <d <5 mm (d was the displacement),
the displacement-load curves of 1#,
2#, 3#, 4# and 5# showed anonline-
ar change, while when 5 < d < 30 mm,
with increasing displacements and loads
increasing gradually, the curves of each
sample started to show a linear change
until the samples experienced rupture.
When the load reached the maximum
(that is, the maximum load-displacement
value), the coated fabric began to experi-
ence rupture, while with increasing dis-
placements, the load decreased. When
0 < d <25 mm, with increasing displace-
ments, 4# reached the maximum load
first, the value of that of 1#, 5# and 3#.
The maximum load of 3 # was the larg-
est, followed by 5#, 4#, 1#, and 2#.

B Conclusions

1. Within the range of 0.01 to 1.5 GHz,
the real part of the dielectric constant
of the coating of iron powders mixed
with nickel powders at the given ra-
tio was the largest, and the polarising
ability was the strongest, followed
by coatings with the addition of
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graphene powders, graphite powders,
silver-coated glass bead powders and
silver-coated copper powders. When
the frequency was 0.01 GHz, values
of the real part of the dielectric con-
stant of each sample were all at the
maximum, and the polarising ability
of the magnetic field produced in the
coating with respect to the applied
magnetic field was the strongest.

. Within the range of 0.01 to 1.5 GHz,

the imaginary part of the dielectric
constant of the coating when iron
powders were mixed with nickel pow-
ders at the given ratio was the largest,
and the loss ability was the strong-
est followed by coatings containing
graphene powders, silver-coated glass
bead powders, graphite powders and
silver-coated copper powders. When
the frequency of the applied electric
field was 0.5 GHz, the value of the
imaginary part reached the maximum
value, and the loss ability of the mag-
netic field produced in the coating
with respect to the applied magnetic
field was the strongest.

. Within the range of 0.01 to 1.5 GHz,

the loss tangent value of the coating
when iron powders were mixed with
nickel powders at the given ratio was
the largest, and the attenuation ability
was the strongest, followed by coat-
ings containing graphene powders,
silver-coated glass bead powders, sil-
ver-coated copper powders and graph-
ite powders. When the frequency of
the applied electric field was 0.8 GHz,
the loss tangent value reached the
maximum, and the attenuation abil-
ity of the magnetic field produced in
the coating with respect to the applied
magnetic field was the strongest.

. Within the range of 0.1 to 150 MHz,

with increasing frequencies of the
applied electric field, the shielding
attenuation value of the coating with
added functional particles of sil-
ver-coated glass beads remained the
largest, the shielding attenuation abil-
ity the strongest, and the shielding ef-
fectiveness was the best, followed by
coatings with the addition of graphite
powders, silver-coated copper pow-
ders, iron powders and graphene pow-
ders, with the shielding attenuation
value decreasing in turn. When the
frequency was 0.1 MHz, the largest
shielding attenuation value of each
sample was obtained.
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