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The electromagnetic interference shielding effectiveness of polymer

composites filled with nanostructured carbon materials depends on

electrical conductivity, morphology, aspect ratio, and filler dispersion.

The electromagnetic interference (EMI) shielding properties of a ma-

terial describe its ability to protect against the penetration of electro-

magnetic waves by, for example, reflecting and/or absorbing electro-

magnetic radiation. Because of the rapid proliferation of electronic and

telecommunication systems, the emission of electromagnetic radiation

has increased, especially at high frequencies (e.g., radio waves, such

as those that originate from cell phones). These signals can negatively

impact the performance of electronic devices, such as computers.1

Metals are the most efficient and commonly used materials for EMI

shielding. However, in recent decades, interest in developing polymer

composites for this purpose—filled with carbonaceous components

such as carbon black (CB), multi-walled carbon nanotubes (MWCNT),

graphene nanoplatelets (xGnP), and expanded graphite (EG)—has in-

creased significantly. This rise in popularity is due to the viability of

producing new lightweight materials with high flexibility and environ-

mental resistance at relatively low cost.2–6 The main challenge asso-

ciated with achieving these properties in the fabricated composites is

in obtaining high electrical conductivity and electromagnetic interfer-

ence shielding effectiveness (EMI SE) at low conductive filler content.7

The EMI SE and electrical conductivity of a nanocomposite depend on

a wide variety of parameters, including the composite’s structure and

properties, the interactions between its constituents (i.e., the polymer

matrix and the filler), and the dispersion and distribution of the filler

in the matrix.2, 8–10 Moreover, measurements are usually performed at

various frequencies and sample thicknesses, thus making it difficult to

obtain a direct comparison of performance across sample types.

In our work,11 we therefore incorporated various nanostructured car-

bon fillers into a polymer and investigated the effect on the electrical

Figure 1. Measurement results showing the electromagnetic interfer-

ence shielding effectiveness (EMI SE) of polyurethane (PU)-based

composites filled with different nanostructured carbon fillers at a range

of filler content. The graph shows the EMI SE in the X-band fre-

quency range. Transmission electron micrographs of the composites

at different loadings (vol%) are also shown. PU/xGnP: PU/graphene

nanoplatelets. PU/EG: PU/expanded graphite. PU/CB: PU/carbon

black. PU/MWCNT: PU/multi-walled carbon nanotubes.11

conductivity and EMI SE of the resultant composites. We used

thermosetting polyurethane (PU), derived from castor oil, and a range

of carbonaceous fillers (CB, MWCNT, xGnP, and EG) to fabricate

samples. For each system, we incorporated fillers at the maximum

achievable volume fraction (i.e., above which the viscosity of the sys-

tem prevented the molding of composites).

Our results11 show that various levels of EMI SE can be achieved by

using carbonaceous fillers at different filler loadings: see Figure 1. For
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composites loaded with the same filler material, an increase in the filler

content improved the EMI SE, but the level of this effect was strongly

dependent on the filler type. We achieved a maximum EMI SE of �76,

�70, �29, and �24dB by using 21.4, 14.6, 18.9, and 3.0vol% of EG,

xGnP, CB, and MWCNT, respectively.

Among our samples, we found that the PU/EG and PU/xGnP com-

posites exhibited the highest EMI SE values, corresponding to 99.999%

of radiation attenuation (at filler content of 16.1 and 14.6vol%, respec-

tively). For the highest CB loading, the EMI SE was significantly lower.

We attribute the good EMI SE performance of PU/xGnP and PU/EG to

the platelike morphology of the fillers, which leads to composites with

elevated aspect ratios and the formation of denser networks. These fac-

tors give rise to a more efficient interaction with incident electromag-

netic radiation. Transmission electron microscopy micrographs showed

that the xGnP particles were well dispersed in the matrix, whereas

EG forms agglomerates within the matrix, indicating the presence of

stacked EG layers. These agglomerates probably arise due to the low

shear rate (i.e., which is too low to exfoliate the filler) of the manual

manufacturing process. Finally, we found that the PU/CB composites

exhibited the lowest EMI SI performance. This is likely a result of the

lower aspect ratio, reduced electrical conductivity, and the tendency of

CB particles to form agglomerates (resulting in regions that are trans-

parent to magnetic waves).

In terms of the EMI SE level, we found that the PU/MWCNT com-

posites displayed the highest values (�24.2dB) at lower filler content

(3vol%). We attribute this result to the higher aspect ratio of MWCNT,

which facilitates the formation of a conductive network and thereby en-

hances the interaction of the composite with electromagnetic radiation.

Composites with xGnP, EG, and CB at similar conductive filler content

showed an EMI SE of about �6, �5, and �4dB, respectively, confirm-

ing that the best efficiency is achieved with MWCNT. If we consider

the behavior of the composites at a given electrical conductivity level,

however, the EMI SE of our composites varies significantly. For exam-

ple, to achieve an electrical conductivity level of around 10�1 S cm�1,

the amount of filler required by each system was 11.4, 16.1, 18.9, and

3vol% (for xGNP, EG, CB, and MWCNT, respectively). At this level of

electrical conductivity, the EMI SE level of PU/xGnP, PU/EG, PU/CB,

and PU/MWCNT was –35, –47, –29, and –24dB, respectively. This

behavior indicates that EMI SE is also dependent on the morphology,

aspect ratio, and dispersion of fillers.

In summary, we fabricated a number of composite samples based

on thermosetting PU (derived from castor oil) with a number of fillers

(i.e., xGnP, EG, CB, and MWCNT) to investigate the potential of poly-

meric composites for EMI shielding applications. We found that the

EMI SE of the composites varied significantly depending on the filler

used. Specifically, the EMI SE of the composites depended on the elec-

trical conductivity, morphology, aspect ratio, and the dispersion and

distribution of the fillers. Based on our results, we conclude that the

most effective filler for enhancing the EMI SE of PU is MWCNT. This

carbon filler type achieved the highest EMI level at a lower filler con-

tent. For example, by using an MWCNT filler at 3vol% in the PU ma-

trix, the resultant composite achieved an EMI SE level higher than is

required for commercial applications (about �20dB12, 13). In the next

stage of our work, we will investigate the effect of sample thickness on

EMI SE. We also hope to improve filler dispersion to achieve higher

EMI SE values with lower filler content.
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