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Abstract. The development of EMI shielding material has been increased due to 

the increased market request, especially on the electrical car industry. This paper 

introduced one new designed carbon fiber composites, the composites with suf-

ficient thermal conductivity and enhanced electromagnetic shielding can be used 

for many of practical applications (e.g. boxes for electrical batteries in electric 

cars). Aim of this paper is design and evaluation of the multilayer composite 

structures reinforced by carbon web and conductive cuprous particles covered 

central layer. From the test result, after integrate the Meftex30 layer into the com-

posites material, the EMI shielding performance is significantly improved more 

than 30%, but the bulk density of the composites still shows good superiority 

compared with metal material. The thermal property test shows the composites 

material has good heat preservation property which can be suitable for the appli-

cation for the battery case of the electrical car. 

Keywords: Carbon Web, Multilayer Composites, Electrical Conductivity, EMI 

Shielding.  
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1 Introduction  

With the continuous increase in the production and ownership of communication in-

dustry in the global market, the problems of electromagnetic interference (EMI) and 

extra EMI shielding become increasingly prominent [1][2]. In order to build an safe 

and anti-EMI environment for people and sensitive equipment, researchers around the 

world have been actively promulgating increasingly new materials in recent years [3], 

[4]. Another remarkable application for electromagnetic shielding materials is as bat-

tery casings for electric vehicles [5]. While ensuring certain mechanical properties, it 

also has electromagnetic shielding characteristics to protect electric vehicle drivers 

from excessive electromagnetic wave radiation [6]. 

Polymeric EMI shielding materials have been widely used in many fields in the last 

few years. In many studies the researchers compared to conventional EMI shielding 

material made from  metallic materials owing to their ease of processing, lightweight, 

remarkable corrosion resistance, economical fabrication methods, etc. [7]. The conven-

tional method of making an electrically conductive  composite for EMI shielding ap-

plications is to mix conductive fillers such as metallic fibers[8], metal coating[9], car-

bon black[10], graphite[11], graphene [12], and carbon nanotubes [13] into the polyme-

ric matrix. Along with polymer-based EMI shields, the research has also shifted to ma-

terials such as biodegradable EMI shields, EMI shields based on textile materials, ce-

ment-based EMI shields, EMI shields that can be used at high temperatures, metallic 

alloys-based EMI shields, ceramic EMI shields, etc. [14]. 

Considering about the application in the battery pack of electrical, only the static and 

dynamic stability of the box body can ensure that the power battery does not have abu-

sive conditions and make the power system run smoothly. The conventional EMI 

shielding materials can’t fulfill these requests due to the poor mechanical performance 

and balance of the shielding effectiveness. Regarding to the mechanism of EMI shield-

ing, when the electromagnetic wave is absorbed by the material, the energy will be 

converted into heat, in this case, this will not be suitable for the battery heat dissipation. 

This paper systematically investigates a new type of EMI shielding textile composite 

material that meets the new energy vehicle battery pack box, including the material's 

lightweight, electromagnetic shielding effect and excellent thermal insulation perfor-

mance. By using the sandwich structure one reflection layer is integrated into the carbon 

fabrics layer, the EMI shielding effectiveness is improved significantly. 

2 Method 

2.1 Materials 

The twill carbon fabric with gsm 245 g/m2 is supplied from the Havel composite com-

pany, Czech Republic. The central layer is polyester nonwovens with gsm 30 g/m2 

plated with copper particles, which is supplied from Bochemie company, Czech Re-

public, under the name Meftex 30.  The epoxy resin ChS Epoxy 200 and other resins 

used in the composites processing are from Havel composite company, Czech Repub-

lic. 
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The hybrid composites fabrication is manufactured by hot press molding procedure. 

Regarding to the sample with the matrix of epoxy resin(C/Cu/Epx), all layers is applied 

the epoxy resin individually in the form of a dispersion of epoxy resin and dried at an 

elevated temperature. Then arrange the layers in a sandwich structure and press in a 

heated hand presser at a temperature of 180 °C for 30 minutes. The other sam-

ple(C/Cu/MePh) is manufactured by using different matrix, which is a copolymer of 

melamine formaldehyde and phenoxy resin. The individual layers are impregnated in a 

dispersion mixture of the mentioned resins, dried at an elevated temperature. Then ar-

range the layers in a sandwich structure and press in a heated hand presser at a temper-

ature of 120 °C for 30 minutes. 

 

2.2 Characterization 

Density 

 

  Density is one of the most important factors in determining the properties of polymer 

composites material and is defined as mass of the material per unit volume, measured 

as per standard ASTM D1895[15]. 

 

EMI shielding 

 

The EMI shielding effectiveness test was processed by the coaxial transmission line 

method according to ASTM 4935-10 [16] to evaluate flat materials. This method pre-

sumes a plane wave impact on a shielding material in the frequency band from 30 MHz 

to 1.5 GHz. This measuring equipment consists of a coaxial specimen holder (supplied 

by Electro-Metrics, Inc., EM-2107A). The input and output signals were transferred to 

a vector network analyzer from A Rhode & Schwarz ZNC3. The analyzer was designed 

to generate and receive an electromagnetic signal. The power ratio can calculate the SE 

(forward transmission coefficient S21) without and with shielding material. The calcu-

lation equation is as following Eq. (1): 

 

𝑆𝐸(𝑆21) = −10𝑙𝑜𝑔
𝑃1

𝑃2
= 10𝑙𝑜𝑔

𝑃2

𝑃1
                                 (1) 

 

P1 is the received power without the shielding material, and P2 is the received power 

with the shielding material present. The electromagnetic wave reflection coefficient 

SER (S11) interpreted that the electromagnetic wave signal from the transmitting an-

tenna was reflected by the shielding material and received by port 1. The ratio of the 

receiving reflected electromagnetic wave power P3 and P1 calculate the input reflection 

coefficient by Eq. (2), 

 

                          𝑆𝐸𝑅(𝑆11) = 10𝑙𝑜𝑔
𝑃3

𝑃1
                                                    (2) 

 

According to the transmission line theory, the total SE can be interpreted by the 

following in Eq.(3)(4) : 
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𝑆𝐸 = 𝑆𝐸𝐴 + 𝑆𝐸𝑅 + 𝑆𝐸𝑀                                                 (3) 

1 = 𝑇𝐸𝑀 + 𝐴𝐸𝑀 + 𝑅𝐸𝑀                                                  (4) 

 

In Eq.(3), SE  is shielding effectiveness, SER is reflection loss, SEA is absorption 

loss, and SEM is multi-reflection loss. Usually, the factor SEM can be mathematically 

positive or negative (in practice, it is always negative) and can be ignored when the 

SEA > 6 dB. It is usually only significant when the shielding material is thin and at low 

frequencies (i.e., below approximately 20 kHz) [17]. 

 

In Eq.(4), the coefficient of the transmittance (TEM) and reflectance (REM) can be 

calculated by Eq.(5), Eq.(6): 

 

𝑆𝐸 = −10 𝑙𝑜𝑔10 𝑇𝐸𝑀                                                             (5) 

     𝑆𝐸𝑅 = −10 𝑙𝑜𝑔10(1 − 𝑅𝐸𝑀)                                                 (6) 

Thermal properties  

 

According to the standard ISO 11092, Alambeta as the thermal properties measuring 

equipment used in this work and thermal conductivity and thermal resistance were se-

lected. Thermal resistance is the value obtained by dividing the temperature difference 

between any two parts by the heat flux flowing between the two points. The sample is 

set on the measuring bottom plate during the test, the head plate will go down and touch 

the sample with a 200 Pa pressure. Then the heat flow value of the sample will be 

analyzed and calculated, and the final thermal resistance and conductivity value will be 

displayed. The measurement ambient temperature was 24°C and the relative humidity. 

Every sample is tested 5 times at different points and the average value was calculated.  

3 Results and discussion 

3.1 Morphology and density 

The morphology of the sample is shown in Fig. 1. 
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Fig. 1. Morphology of carbon fiber composites EMI shielding material (a) C/Cu/Epx (b) 

C/Cu/MePh (c) Cu(Meftex 30) and the sandwich structure of the carbon fabric composites 

From the microscopic image we can clearly identify the Cu(Meftex 30) layer from the 

gap between the carbon filaments. The surface of the sample is relatively flat. Three 

layers after the heat press processing combined intensively.  

The density of all samples (including the reference samples) are listed in the tab 1. 

 

 

Table 1. Density of materials 

Sample Density (g/cm3) 

C/Cu/Epx 0.57 

C/Cu/MePh 1.09 

Cu(Meftex 30) 0.25 

Carbon fabric 0.53 

Carbon + Epoxy 0.99 

 

The density of both composited samples shows good potential to use it in the battery 

cover of electro-car. Considering factors such as cost and processing, the battery pack 

casings of entry-level and economical electric vehicles mostly use steel casings, and 

some new energy vehicle battery packs use metal casing materials. Aluminum is the 

common used material whose density is 2.7g/cm3, it’s obviously higher than the carbon 

composites material. On the other side, the thickness of both samples are relatively thin 

compare to traditional metal materials. 

 

3.2 EMI shielding effectiveness 

One of the main purpose to insert the Cu (Meftex 30) layer into the carbon composites 

material is to enhance the EMI shielding performance. Figure 2 present the test result. 
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Fig. 2.  EMI shielding test results (a) Carbon fabric (b) Carbon epoxy (c) Cu (Meftex 30) (d) 

C/Cu/Epx (e) C/Cu/MePh 

From Figure 2(a)(b) it can be clearly distinguished that no matter adds the epoxy or not, 

the EMI shielding effectiveness (SE) has no significantly different for the carbon fab-

rics. The reason is epoxy is non-conductive polymer, which has no impact to the SE of 

the whole material. The carbon fabric performs around 50dB SE in the frequency band 

30MHz to 3GHz, and the pure Meftex 30 also presented good SE around 58dB in the 

same frequency band (Figure 2c).  

After putting the Cu covered layer into the structure, the SE of the sandwich material 

has significantly increased compare to the material individually measured value. The 

average SE of C/Cu/Epx is 76.5 dB in the frequency band 30MHz to 1.5GHz and the 

SE of C/Cu/MePh is 84.6 dB in the same frequency band. For this value, according to 

the reference[18], these material can be listed as the AAAAA grade for professional 

use, which is sufficient to protect the passenger in the electro-car away from the extra 

electromagnetic radiation.  

The values of SER and SEA reflected the main attenuation of the EMI happened on 

which interface and how strong it is. When the value of SER> SEA we suppose the main 

attenuation of the electromagnetic wave is happened on the surface layer, and if SER< 

SEA we suppose the main attenuation is happened inside the material. From the Figure 

2(d) 2(e) it can be clearly identified that the SER< SEA for all samples, which is reason-

able. Because carbon fiber itself is one kind of good EMI absorption material, after 

integrate the reflection layer in the middle, the main attenuation of electromagnetic 

wave is still inside the material.  
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Fig. 3. Thermal properties test result (a) Thermal conductivity (b) Thermal resistance 

 

3.3 Thermal conductivity and thermal resistivity 

The thermal properties of the sandwich composites material also been studied in this 

paper. The results are shown in Fig. 4a and b.     

The C/Cu/EPX consists of two layers of carbon fabric and one layer of Meftex30. In 

this case comparing with single layer carbon fabric, the thermal conductivity is slightly 

lower. However, the C/Cu/MePh perform better thermal conductivity, this is caused by 

the different thermal property of resin for the sample. Considering about the influence 

of the material thickness, thermal resistance can evaluate the heat preservation property 

of the sample. The C/Cu/Epx performs significantly higher thermal resistance than the 

sample C/Cu/MePh. 

Sandwich structured carbon fiber composites with enhanced EMI             311



Considering about the application of this material as the battery pack for electro-car. 

The working performance of the power battery is greatly affected by the temperature. 

The suitable working temperature is 20℃～40℃. Too high or too low temperature will 

affect its performance and even cause damage. In order to enable the power battery 

pack to work within a suitable temperature range, the power battery pack is usually 

equipped with a thermal management system. The thermal management system of the 

battery pack includes three functions: cooling, heating and heat preservation. Compare 

to metal material, the thermal conductivity of the carbon composites material is ex-

tremely lower. In this case, the thermal insolation property of carbon composites mate-

rial is more suitable for the heat preservation. 

4 Conclusion 

This paper introduced on kind of new EMI shielding material fabricated via sandwich 

structure integrating the reflection layer into carbon fabric composite structure.  The 

sandwich composites is light weight and thin, which is the advantage for many appli-

cation filed. After integrate the reflection layer, the EMI shielding effectiveness is im-

proved significantly. The thermal property test shows the material is good for heat 

preservation. Considering about the application for battery pack of the electrical car, 

with suitable cooling system, the sandwich structured carbon composites material 

shows good potential for this application. 

 

Acknowledgments: This study was supported by the project “Modular platform for 

autonomous chassis of specified electric vehicles for freight and equipment transporta-

tion”, Reg. No. CZ.02.1.01/0.0/0.0/16_025/0007293  

References 

[1] V. David, E. Vremera, A. Salceanu, I. Nica, and O. Baltag, “On the characterization of 

electromagnetic shielding effectiveness of materials.” 

[2] J. R. Jauchem, “Effects of low-level radio-frequency (3 kHz to 300 GHz) energy on hu-

man cardiovascular, reproductive, immune, and other systems: A review of the recent lit-

erature,” Int. J. Hyg. Environ. Health, vol. 211, no. 1–2, pp. 1–29, Mar. 2008, doi: 

10.1016/J.IJHEH.2007.05.001. 

[3] S. Geetha, K. K. Satheesh Kumar, C. R. K. Rao, M. Vijayan, and D. C. Trivedi, “EMI 

shielding: Methods and materials-A review,” J. Appl. Polym. Sci., vol. 112, no. 4, pp. 

2073–2086, May 2009, doi: 10.1002/app.29812. 

[4] R. M. Simon, “Emi Shielding Through Conductive Plastics,” Polym.-Plast. Technol. Eng., 

vol. 17, no. 1, pp. 1–10, 1981, doi: 10.1080/03602558108067695. 

[5] P. Los, A. Lukomska, and R. Jeziorska, “Metal-polymer composites for electromagnetic 

interference shielding applications,” Polimery, vol. 61, no. 10, Art. no. 10, 2016, doi: 

10.14314/polimery.2016.663. 

312             S. Hu et al.



[6] N. Mutoh, M. Nakanishi, M. Kanesaki, and J. Nakashima, “EMI noise control methods 

suitable for electric vehicle drive systems,” IEEE Trans. Electromagn. Compat., vol. 47, 

no. 4, pp. 930–937, 2005, doi: 10.1109/TEMC.2005.857893. 

[7] R. Wilson, J. Kuruvilla, and G. George, Materials for potential emi shielding applica-

tions: processing, properties and current trends. Walthum: Elsevier, 2019. 

[8] S. Shinagawa, Y. Kumagai, and K. Urabe, “Conductive papers containing metallized pol-

yester fibers for electromagnetic interference shielding,” J. Porous Mater., vol. 6, no. 3, 

pp. 185–190, 1999, doi: 10.1023/A:1009619711017. 

[9] S. Jiang et al., “Enhanced electro-conductivity and multi-shielding performance with cop-

per, stainless steel and titanium coating onto PVA impregnated cotton fabric,” J. Mater. 

Sci. Mater. Electron., vol. 29, no. 7, pp. 5624–5633, Apr. 2018, doi: 10.1007/s10854-018-

8531-4. 

[10] D. Xing, L. Lu, Y. Xie, Y. Tang, and K. S. Teh, “Highly flexible and ultra-thin carbon-

fabric/Ag/waterborne polyurethane film for ultra-efficient EMI shielding,” Mater. Des., 

vol. 185, p. 108227, 2020, doi: 10.1016/j.matdes.2019.108227. 

[11] S. S. Azim, A. Satheesh, K. K. Ramu, S. Ramu, and G. Venkatachari, “Studies on graphite 

based conductive paint coatings,” Prog. Org. Coat., vol. 55, no. 1, pp. 1–4, Jan. 2006, doi: 

10.1016/j.porgcoat.2005.09.001. 

[12] S. Kashi, R. K. Gupta, S. N. Bhattacharya, and R. J. Varley, “Experimental and simulation 

study of effect of thickness on performance of (butylene adipate-co-terephthalate) and 

poly lactide nanocomposites incorporated with graphene as stand-alone electromagnetic 

interference shielding and metal-backed microwave abso,” Compos. Sci. Technol., vol. 

195, p. 108186, Jul. 2020, doi: 10.1016/j.compscitech.2020.108186. 

[13] M. Manilo, N. Lebovka, and S. Barany, “Electrokinetic study of impact of laponite plate-

lets on stabilization of carbon nanotubes in aqueous suspensions,” Mater. Sci. Eng., vol. 

40, no. 1, pp. 96–104, 2015. 

[14] T. Kuang, L. Chang, F. Chen, Y. Sheng, D. Fu, and X. Peng, “Facile preparation of light-

weight high-strength biodegradable polymer/multi-walled carbon nanotubes nanocompo-

site foams for electromagnetic interference shielding,” Carbon, vol. 105, pp. 305–313, 

Aug. 2016, doi: 10.1016/j.carbon.2016.04.052. 

[15] “Standard Test Methods for Apparent Density, Bulk Factor, and Pourability of Plastic 

Materials.” https://www.astm.org/d1895-17.html (accessed Aug. 31, 2022). 

[16] ASTM International, “ASTM D 4935 - Standard Test Method for Measuring the Electro-

magnetic Shielding Effectiveness of Planar Materials,” vol. 10, no. January 1986, pp. 1–

10, 1999. 

[17] X. C. Tong, “Advanced Materials and Design for Electromagnetic Interference Shield-

ing,” Adv. Mater. Des. Electromagn. Interf. Shield., pp. 11–16, Apr. 2016, doi: 

10.1201/9781420073591/ADVANCED-MATERIALS-DESIGN-

ELECTROMAGNETIC-INTERFERENCE-SHIELDING-XINGCUN-COLIN-TONG. 

[18] V. Safarova and J. Militky, “Electromagnetic field shielding fabrics with increased com-

fort properties,” Adv. Mater. Res., vol. 677, no. March 2015, pp. 161–168, 2013, doi: 

10.4028/www.scientific.net/AMR.677.161. 

 

Sandwich structured carbon fiber composites with enhanced EMI             313



Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
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