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Abstract 

Multi-walled carbon nanotubes (MWCNTs)/ polyvinylpyrrolidone (PVP) composite 

nanofibers having varying amounts of MWCNTs were fabricated with the aim to 

investigate the potential of such nanofibers as an effective light weight 

electromagnetic interference (EMI) shielding material in the frequency range of 8.2–

12.4 GHz (X-band). The TEM and SEM analyses confirmed the presence of individual 

dispersion MWCNTs encapsulated within the electrospun nanofibers and showed 

MWCNTs/PVP composite nanofiber morphologies with diameters of 150-600 nm. 

The EMI shielding efficiency (SE) of MWCNTs/PVP composite nanofibers increased 

up to 42 dB. The MWCNTs/PVP composite nanofibers developed in this study have 

benefits in being light weight and having effective EMI shielding performance and 

can be best candidates for a broad range of electronic applications. 
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Introduction 

The EMI shielding application of MWCNTs composites considerably depend on the 

individual dispersion and alignment of MWCNTs in the matrix, which is considered a 

very difficult job to be done. The difficulty in preparing well-dispersed MWCNTs 

composites has been related to their high specific surface area and very strong van 

der Waals interactions [1]. The effective dispersions have been described by using 

amphiphilic polymers such as PVP, which can be adsorbed onto the hydrophobic 

carbon nanotubes surface. Moreover, PVP is non-toxic, very biocompatible, has high 

thermal and chemical stability, good tensile strength, and good spin-ability [2]. 

Therefore MWCNTs/PVP composite is a promising structure for potential application 

in shielding devices, medical devices, and biological engineering materials. During 

this study, MWCNTs were dispersed by a non-chemical method and then embedded 

and aligned in PVP nanofibers by electrospinning process. The EMI shielding 

behaviors in these composite nanofibers have been investigated using a vector 

network analyzer at the X-band frequencies. 



 

 

Experimental  

The PVP with a molecular weight of 360,000 g/mol was supplied from Sigma-Aldrich. 

MWCNTs (10–20 nm) were provided by US Research Nanomaterials, Inc. The 

effective dispersion approach was accomplished in three steps. First, the solutions 

were prepared by dissolving 0.1 wt. % PVP in DMF using a magnetic stirrer at 25 °C 

for 30 min. In the second step, different weights of MWCNTs were dispersed in the 

PVP/DMF solutions by using a high power ultrasonic homogenizer at 0 °C for 20 min. 

The electrospinning solutions were prepared by dissolving 13 wt. % of PVP in 

sonicated solutions by using a magnetic stirrer at 25 °C for 24 h. The prepared 

solutions were added to a syringe with a stainless steel needle and connected to the 

power supply which can generate DC voltages in the range of 0–40 kV. The 

electrospinning voltage of 15 kV was applied to the needle, while the distance 

between the needle tip and the drum collector was chosen at 20 cm. The feed rate 

of the polymer solutions was 0.25 ml/h and a take-up speed of 100 RPM was selected 

to collect the electrospun MWCNTs/PVP composite nanofibers. The surface 

morphology of the nanofibers was examined by SEM (Philips, XL-30) at an 

accelerating voltage of 25 kV. The EMI shielding measurement has been carried out 

using Agilent 8510C Vector Network Analyzer in the 8.2–12.4 GHz. 

 

Results and Discussion  

Figure 1 shows the SEM images of pure PVP nanofibers and MWCNTs/PVP composite 

nanofibers at different concentrations of nanotubes. As it can be seen, the surface 

morphology of pure PVP nanofibers is smooth and fine beadless nanofibers were 

obtained with 13 wt. % of PVP solution. Moreover, the surface morphology of 

MWCNTs/PVP composite nanofibers is very smooth in the 0.5-5 wt. % ranges of 

MWCNTs concentration. A low surface roughness and unevenness in the 7.5 and 10 

wt% samples were observed, while a still good alignment in the composite structures 

can be seen (Figure 1 (c) and (d)). However, considerable aggregation and local 

irregularities were observed as the MWCNTs content in composite nanofibers 

increased to 15 wt. % (Figure 1 (e)). Accordingly, the regression relationship between 

the average diameter of MWCNTs/PVP composite nanofiber (d) and MWCNTs 

concentration (C) were obtained in the form: d=198+29C (R2=0.968). It should be 

confirmed that this relation is valid only for MWCNTs concentration values lower 

than 15 wt. %. Therefore, the dispersion of MWCNTs behavior plays a very important 

role in determining the morphology of MWCNTs/PVP composite nanofiber. 

 



 

 

Figure 1. SEM photographs of MWCNTs/PVP composite nanofibers samples at the 

magnification of 5000×; (a) MCNF-0, (b) MCNF-5, (c) MCNF-7.5, (d) MCNF-10, and (e) 

MCNF-15. 

The EMI shielding effectiveness (SE) of a composite is expressed in terms of the ratio 

of transmitted to incident energy of the EM waves. The EMI SE in the frequency 

range of 8.2–12.4 GHz (X-band) is very important for many commercial and defense 

systems like radio transmitters, fluorescent lamps, electric motors, weather radars, 

TV picture transmission, telephone microwave relay systems, and radio 

communications applications. The SE of the pure PVP nanofiber and their composite 

nanofibers with various MWCNTs loadings as a function of X-band frequency are 

shown in Figure 2. The total SE of 20 dB is considered an acceptable level of shielding 

for many industrial and defense applications. It is evident that the MWCNTs/PVP 

composite nanofibers with 7.5 and 10 wt. % MWCNTs can be used as excellent 

shielding materials for EMI, especially in X-band, and can meet the commercial 

requirements. 

 



 

 

 

Figure 2. Plot of EMI SE of MWCNTs/PVP composite nanofibers as a function of the 

X-band frequency. 

 

Conclusions 

MWCNTs were homogeneously dispersed in PVP by ultra-sonication to prepare 

MWCNTs/PVP nanofibers applied on building interior wall for EMI shielding 

applications. The EMI SE of ~42 dB was obtained at 10 wt. % MWCNTs loading in the 

8.2–12.4 GHz. Finally it can be concluded that MWCNTs/PVP composite nanofibers 

having 7.5 and 10 wt. % MWCNTs can be used as an effective, light weight EMI 

shielding material. 
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