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Abstract. Thisessay analyses the experiment of xylene, ethyl acetate and acetone as solvent materials
influencing the surface resistivity and electromagnetic shielding effectiveness of conductive filler
composite material, as well as the main reasons for this difference from the perspective of material
properties of the solvent. Analysis shows that, when the acrylic is the resin-based material, all three
solutions can be used as a solvent to adjust the viscosity of the coating el ectromagnetic shielding.
However, thereisahuge differencein shielding effectiveness after spraying. This essay found that the
dielectric constant has an important influence on the shielding effectiveness. While acetone is the
solvent with the largest dielectric constant, the electromagnetic shielding effectiveness is worst.
While xylene is a solvent, the electromagnetic shielding effectiveness is the best, and the volume
fraction variation does not affect the el ectromagnetic shielding effectiveness. While ethyl acetateis a
solvent, the influence is more complicated. There is need for a comprehensive anaysis on the
mobility and film-forming properties.

Introduction

With the innovation and devel opment of electronic technology, more and more electrical industry and
consumer electronics products are enhancing the vitality and efficiency of industrial production.
People's life is undergoing a revolutionary change. However, when using electronic products,
electromagnetic radiation released by electromagnetic waves from electronic components are
inevitable. This presence of electromagnetic radiation has a huge impact on the environment[1]. The
main appearance isthat el ectromagnetic from electrical and el ectronic equipment affected the normal
operation of thedeviceitself[1], such as car safety[ 2], analysis and diagnosis of medical equipment[3]
and so on. Electromagnetic radiation from digital transmission system can cause leakage of
information[1], such as leaks from computer network data transfer process. Long-term
electromagnetic exposure can cause fatigue of the body and induce a variety of tumours, posing a
threat to human heath[4]. Therefore, modern society has labelled electromagnetic radiation
equivalent to the Modern Society "three wastes”, called "fourth pollution” or "space pollution”.
Governments have developed the appropriate EMC (ElectroMagnetic Compatibility) standards
against electromagnetic pollution for electrical and electronic equipment.

In order to meet EMC standards, electromagnetic shielding technology can be designed from the
structural design of electronic products. But it often requires a lot of manpower and resources for
research and development. So over the last decade, a lot of research work is done to study the
devel opment of high-performance el ectromagnetic shielding materialsto achieve low cost and easy to
use electromagnetic shielding technology. High-performance composite electromagnetic shielding
materials is the one of the main directions for Chinas Ministry of Science and new materias
research[5]. High-performance electromagnetic shielding materials is mainly composed of
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conductive filler electromagnetic shielding material. Its basic characteristics are, the use of a
conductive component as a conductive body to build a network in the matrix material, the formation
of the electromagnetic wave reflection loss and absorption loss by the conductive network to
effectively reducing magnetic radiation, and to achieve the purpose of electromagnetic shielding[6].
Commonly used conductive components mainly are: conductive polymer materia[7], metal
powder[8], carbon nanotubeg 9], and so on.

Currently, the research is focused on the influence of conductive component composition and
volume fraction, and systematic study of the nature of the solvent on the electromagnetic shielding
properties of the coating is still relatively small. In fact, the non-linear behaviour of conductive
composites is usualy a result of conductive mechanism and quantum mechanical tunnelling
conductive paths and other synergistic results. When the conductive filler volume fraction is small,
the conductive particles can not form a conductive path. Then thistime only the quantum mechanical
tunnelling effect is a work. When the conductive filler volume fraction is large, the conductive
behaviour of the composite material isthe result of the combination of conductive paths and tunnels.
In thisessay, asto the problems during experimental work, using nickel -based conductive component
and an acrylic as resin-based material, we study and analyse the use of acetone, xylene and ethyl
acetate as the solvent, the influence of different parameters on the electromagnetic shielding coating
performance, and analyse the reasons of this impact.

Experimental Materialsand Methods

Experiments are divided using pure nickel powder as a conductive component, using acrylic asresin
matrix, using nickel powder as micron carbonyl nickel powder, and using acetone, xylene and ethyl
acetate as the solvent. Nickel powder is first mixed with the nickel powder in accordance with an
acrylic resin volume fraction of 15%, and then added during the mixing volume fraction of 40%
(calculated in theresin) to three solventsin order to facilitate even mixing. Stir the precursor into the
ball mill for milling. Ball milled 90 minutes. Remove the pot from the milling, and then add in 5%,
10%, 15% and 20% volume fraction with different solvents respectively. And stir into
el ectromagnetic shielding paint. So the solvents from this study are of volume fraction of 45%, 50%,
55% and 60%.

According to People's Republic of China’s requirements of national military standards (GJB
6190-2008), evenly sprayed the electromagnetic shielding paint spray on to a resin plate with a
diameter of 115mm, to form an electromagnetic shielding coating after drying. Surface resistance was
measured using a multimeter, with on average 5 sets of data measured on each sample. The shielding
effectiveness of electromagnetic shielding coating was measured based on the national standards,
using of PAN-L 5230C Agilent network analyzers and coaxial devices.

Experimental Resultsand Analysis

Experimental Results

Variation of electromagnetic in three different solvent volume fraction caused by changes in the
surface resistance of the barrier coating is shownin Table 1. Among which the 40% volumefractionis
first added to the solvent in al samples (resin volume of 25 mL) , or 10 ml of solvent for mixing
powder and resin. After the numeric value plus the second column is prepared as a coating after
adding volume fraction used to dilute paint for spraying.

Table 1 Surface resistance changes of electromagnetic shielding coating
with different volume fraction of solvent
Number Solvent(ml) Surface resistance
Acetone -15 Acetone 10+5 5.18

Acetone -20 Acetone 10+10 5.72
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Acetone -25 Acetone 10+15 5.08

Acetone -30 Acetone 10+20 3.82
Xylene -15 Xylene 10+5 3.48
Xylene -20 Xylene 10+10 3.40
Xylene -25 Xylene 10+15 4.06
Xylene -30 Xylene 10+20 3.28
Ethyl acetate -15 Ethyl acetate 10+5 3.82
Ethyl acetate -20 Ethyl acetate 10+10 5.58
Ethyl acetate -25 Ethyl acetate 10+15 4.14
Ethyl acetate -30 Ethyl acetate 10+20 3.72

As seen from Table 1, for electromagnetic shielding coating layer composed of three different
solvents, the surfaceresistanceis of about the same order of magnitude with ohmic value between 3 to
6 ohms. But relatively speaking, seen from the surface resistance testing, overall, xylene hasrelatively
minimal surface resistance. And with increasing amount of xylene, the surface resistance did not
change significantly. When ethyl acetate was the solvent, the surface resistance increased in
comparison with xylene. Even though with 20 ml of the solvent, the surface resistance reached 5.58
ohms, but the overall effect isthat when ethyl acetate was a solvent, a surface resistance was less than
when acetone used as an electromagnetic shielding coating solvent. When using ethyl acetate and
acetone as solvents, it has shown a trend of increasing surface resistance with increasing solvent
content. From this point, the use xylene as solvent for electromagnetic shielding paint, with a
relatively low surface resistance, with little effect on the volume of solvent, is easy to control the
actual process. When using ethyl acetate or acetone as the solvent, athough a smaler surface
resistance can be achieved with a certain optimum solvent volume fraction, but as the volume fraction
of the solvent changes, the surface resistance a so showed a significant change. In the actual operation,
it isrequired to maintain the optimum value, thus indicating certain difficulties.

Test results using three different solvents for the preparation of the electromagnetic shielding
effectiveness of the barrier coating is shown in Figure 1-3. Seen from the figure, the solventsin three
experiments can all achieve a relatively good electromagnetic shielding effectiveness of 40-80dB.
Among which, when xylene was a solvent, electromagnetic shielding effectiveness reached 50dB or
more. When ethyl acetate was the solvent, in addition to the volume fraction of ethyl acetate 20ml, the
volume fraction of the other shielding effectiveness al reached more than 50dB. For acetone as the
solvent, electromagnetic shielding effectiveness reached to 40dB and above. The above described
electromagnetic shielding effectiveness of the test results are similar with the basic trends in surface
resistance test, namely that the coating with lower surface resistance has better electromagnetic
shielding effectiveness.

As seen from Figure 2 , when using xylene as a solvent , as the volume fraction of xylene increase
from 15ml to 30ml, electromagnetic shielding effectiveness produced electromagnetic shielding
coating has no significant change.That is, within the range of the volume fraction of the xylene
solvent used in the experiments, xylene volume fraction cannot affect the electromagnetic shielding
effectiveness of the coating.
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Fig.3 The electromagnetic shielding effectiveness with ethyl acetate as the solvent

When the solvent is ethyl acetate, as the volume fraction of the solvent increased from 15ml to
20ml, the electromagnetic shielding effectiveness was significantly reduced. But when further
increased of the volume fraction of the solvent, the electromagnetic shielding effectiveness of the
coating came back to the origina level. For when acetone was the solvent, in general, the
el ectromagnetic shielding effectiveness of the coating isless than the use of xylene or ethyl acetate as
solvent coating. With the increase of the volume fraction of acetone, from 15ml to 20ml, the
electromagnetic shielding effectiveness increases. But when the solvent is added to 25ml,
electromagnetic shielding effectiveness is decreased. When continue to 30ml, electromagnetic
shielding effectiveness increased again. It is noteworthy that, for the use of ethyl acetate and acetone
as the solvent, although the coating el ectromagnetic shielding effectiveness changes with the volume
fraction of the solvent, but the trend of the changes differ significantly. For the use of ethyl acetate as
asolvent , in addition to 20ml volume fraction, the other three groups showed similar el ectromagnetic
shielding effectiveness. However, when using acetone as the solvent, the change of electromagnetic
shielding effectiveness is more complex. For example, when the volume fraction of the solvent
increased from the time of 15ml to 20ml, at low frequencies , the electromagnetic shielding
effectiveness has increased. But in the high frequency, the electromagnetic shielding effectiveness
decreased. And for different solvent volume fraction, there are significant differences in
electromagnetic shielding effectiveness, which is similar to the overall trend of the experimental
results.

Experimental Analysis
Asfor the effect of volume fraction of the solvent on the electromagnetic shielding effectiveness, this
may be related to the characteristics of the solvent itself. This essay preliminary discusses the results
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from the solubility parameter of the solvent, the evaporation rate, surface tension and dielectric
constant, etc. Basic properties of experiment reagentsis shown in Table 2[10].

Table 2 Basic properties of experiment reagents

Solubility Relative Evaporation Surface Dielectric
Parameters Rate Tension Congtant
(Cal/em®)* (Methylbenzene : 1) (mN/m)
Xylene 8.8 0.34 30.69 2.3
Ethyl acetate 9.1 2.6 23.4 6.0
Acetone 9.9 4.8 23.7 20.7

It is seen from the table, for three solvents, the solubility parameters were similar. It is due to the
fact that these three solvents can be dissolved in acrylic resin, and acrylic resin can used as an
electromagnetic shielding substrate in paint solvents. For the conductive filler composite
el ectromagnetic shielding materials, the basic principle is to use conductive component in the matrix
structure as a conductive network, reflecting el ectromagnetic waves to reach the conductive plane.
Among which the conductive network is constituted either by mutual contact between the conductive
component particles, or the conductive particles may be in close proximity but without contact, by
"tunnelling " and produce electro-conductive resultg11]. Therefore, during the preparation of the
electromagnetic shielding paint, the solvent’s conductive component mobility and surface state will
affect the structure of the conductive network.

The relatively large difference in three solvents is the "relative evaporation rate" and "dielectric
constant”. Among which the dielectric constant of the material of the electromagnetic wave can
increase dielectric loss and improve the electromagnetic shielding effectiveness. But from the
experimental results, however, xylene with the smallest dielectric constant has the best shielding
effectiveness. Thisis due to the fact that the material used as the solvent in the coating layer mainly
affect the process of forming a conductive network, and coating formation is done after the solvent
was volatilised in the drying process. Therefore its electromagnetic properties does not significant
effect the coating . But as the dielectric constant of the solvent separated ion has a greater capacity, it
also has a strong solvating power[12]. It may make relative increased distance between the ion
conductivity, affecting the electrical properties. Therefore, as acetone with the largest dielectric
constant was a solvent, resulted in the least electromagnetic shielding effectiveness. Materia’s
various relative evaporation rate plays an important role in the formation of conductive network.
Acetone has afast evaporation rate. It volatilises during the preparation of the coating, resulting in a
decreased conductive matrix component fluidity, easy to form viscous component between the
conductiveresin film, resulting in alargeincrease of surface resistivity of conductive group resistance
between the contact points and alower el ectromagnetic shielding effects. From thisanalysis, increase
the volume fraction of acetone will help to reduce the surface resistance and improve shielding
effectiveness. Among which 25ml volume fraction of acetone as a solvent gave the minimum of
electromagnetic shielding effectiveness. More research is necessary for the reason. Xylene has a
lower evaporation rate, can act as agood solvent in the coating to facilitate the flowability conductive
component. On the other hand xylene has a high surface tension, which means that maximum surface
energy. Itisdifficult to form adensefilm on surface of the conductive components. It isagood mutual
contact of the conductive component and tunnelling. Xylene as a solvent gives a coating having
minimal surface resistance and high electromagnetic shielding effects. Dueto its low volatility when
xylene was a solvent, xylene was added so as long as the volume fraction reaches conductive
component liquidity requirements. Continue to increase xylene has little effect on surface resistivity
and shielding effectiveness. When using ethyl acetate as the solvent, since the volatility of ethyl
acetate is between acetone and xylene, therefore modest increase in ethyl acetate to increase the
liquidity of the conductive component should help to improve the shielding effectiveness. But note
that the relative low evaporation rate of ethyl acetate, and the surface tension isrelatively small. So on
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one hand one needs to consider the impact of ethyl acetate conductive component liquidity, on the
other hand needs to study at a appropriate viscosity, ethyl acetate resin may be combined to form the
non-conductive film. Therefore, at low volume fraction of solvent, ethyl acetate mainly acts to
increase fluidity of the conductive component from the diluted main substrate. The amount is not
enough to form a dense film, thereby exhibiting high shielding effectiveness. When the volume
fraction increases to 20ml, then ethyl acetate substrate with a viscosity suitable for forming the film
resulting in a decrease of shielding effectiveness. Thus further increasing in the content of ethyl
acetate to dilute the effect of viscosity reduction, which leads to the detriment of the formation of a
thin film, showing recovery of electromagnetic shielding effectiveness.

Conclusions

This essay analyses the experiment of xylene, ethyl acetate and acetone as solvent materials
influencing the electromagnetic shielding effectiveness of conductive filler composite material. The
results showd that the dielectric constant of solvent has an important influence on shielding
effectiveness. Xylene as solvent with the best electromagnetic shielding effectiveness, however the
change of volume fraction on the influence of the electromagnetic shielding effectiveness is not
significant. So when xylene is a solvent, which has the largest dielectric constant, good
electromagnetic properties and process performance are showd. Due to acetone has high relative
evaporation rate, it won’t be used as a solvent in electromagnetic shielding materials.While ethyl
acetate is a solvent, the influence on coating on the shielding effectiveness of electromagneticis more
complex and it is need for a comprehensive analysis on the mobility and film-forming properties.
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