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ABSTRACT 

This work is dedicated to the development of high performance EMI shields which exhibit effective 

shielding performance as well as other physical properties, especially in applications regarding 

aerospace, automobiles and next generation portable and wearable electronic devices. For this 

purpose, composites were prepared using poly(ether ketone) as matrix and conducting (MWCNTs, 

CNFs) and dielectric (BaTiO3) materials as fillers. Multiwalled carbon nanotubes (MWCNTs, aspect 

ratio ~158), carbon nanofibers (CNFs, aspect ratio ~200), barium titanate (BaTiO3, average particle 

size ~8.6 microns) were melt-blended with poly(ether ketone) (PEK) in a twin screw extruder 

equipped with fractional mixing element that allow the fabrication of composites containing up to 10 

wt% MWCNTs, 20 wt% of CNFs and 50 wt% of BaTiO3.  

Morphological characterization of PEK/MWCNT composites was done using scanning electron 

microscopy (SEM), transmission electron microscopy (TEM) and X-Ray diffraction. A uniform 

dispersion of MWCNTs was observed in all the samples. Thermal characterization of PEK/MWCNT 

composites  was done using differential scanning calorimetry (DSC) and thermogravimetric analysis 

(TGA) whereas mechanical strength was investigated by using tensile, flexural and impact testing. 

The percent crystallinity increased up to 1 wt%  followed by slight decrease whereas thermal 

stability increased with increase in MWCNTs loading (Tonset ~ 581 
o
C at 10 wt% loading). Tensile 

modulus and tensile strength increased by 39% (4370 MPa to 6084 MPa) and 48% (80.4 MPa to 119 

MPa) respectively relative to PEK matrix whereas flexural modulus and flexural strength increased 

by 27% (4163 MPa to 5304 MPa) and 19% (179 MPa to 213 MPa) respectively at 10 wt% loading. 

Improvement in the mechanical properties was also investigated by Raman spectroscopy. Melt and 

solid state rheological response of composites were investigated using parallel plate rheometer and 

dynamic mechanical analysis respectively. Incorporation of carbon nanotubes in the polymer matrix 
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resulted in an increase of storage modulus of PEK corresponding to the elastic response of 

composites.  

Improved and efficient dispersion of nanotubes in the PEK matrix is reflected in the formation of an 

electrically conductive network at a very low percolation threshold value of 1.28 wt% of  MWCNTs 

with the highest conductivity of ~10
-3

 S/cm at 10 wt% loading. EMI shielding was measured in all 

the available four bands [X band-8.2-12.4 GHz, Ku band-12.4-18 GHz, K band-18-26.5 GHz and 

Ka-band i.e. 26.5-40 GHz). Highest total shielding effectiveness (SET) of -40 dB with very high 

shielding effectiveness due to absorption (SEA ~ -36 dB) was observed at 10 wt% loading of 

MWCNTs in PEK matrix in the frequency range of 26.5-40 GHz (Ka-band). 

Microstructural behavior in terms of dispersion in PEK/carbon nanofibres [CNFs] was assessed by 

using scanning electron microscopy (SEM), transmission electron microscopy (TEM) and wide-

angle X-ray diffractometer. Reinforcement effect due to the homogenous dispersion of carbon 

nanofibers is responsible for enhanced thermal, mechanical and thermomechanical properties. The 

initial decomposition temperature of PEK increased by 27 
o
C i.e. from 554 

o
C for neat PEK to 581 

o
C at 20 wt% loading of CNFs. At 20 wt% loading of CNFs, tensile strength and modulus increased 

by 39% (80.4 MPa to 112 MPa) and 65% (4.3 GPa to 7.2 GPa) whereas flexural strength and 

modulus increased by 14% (179 MPa to 205 MPa) and 33% (4163 MPa to 5536 MPa) respectively. 

Dynamic mechanical analysis (DMA) shows that room temperature storage modulus increases from 

2099 MPa for neat PEK to 2752 for PEKF-20.  

Neat PEK is insulating due to the low value of electrical conductivity (~10
-13

 S/cm). However, 

incorporation of CNFs up to 20 wt% leads to a significant increase in electrical conductivity and 

reaches a value of 1.83×10
-3

 S/cm. Highest value of total shielding effectiveness achieved at 20 wt% 

loading in different bands was  -14 dB (X band), -17 dB (Ku band), -30 dB (K band), -40 dB (Ka-
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band). Shielding effectiveness due to absorption in Ka-band (SEA ~ -37 dB) has been found to be 

twelve times greater than that of shielding effectiveness due to reflection (SER ~ -3 dB).  

The effect of dielectric filler (BaTiO3, 0-50 wt%) on thermal, mechanical, thermo-mechanical, 

electrical conductivity (σ), dielectric properties and EMI shielding effectiveness (SE) of PEK was 

also investigated. SEM studies show that BaTiO3 particles were uniformly distributed in the PEK 

matrix up to 40 wt% loading followed by the formation of agglomerates at higher loading (50 wt%). 

Rockwell hardness and density increased up to 40 wt% loading followed by a decrease at 50 wt% 

loading. Dynamic mechanical analysis (DMA) revealed that storage modulus increases with increase 

in BaTiO3 loading with a maximum value of 3192 MPa at 40 wt% compared to 2099 MPa for neat 

PEK. Dielectric constant of composites measured in the frequency range of 8.2-12.4 GHz increased 

~3 times upon incorporation of 50 wt% of BaTiO3. This increment in dielectric constant is reflected 

in improved electromagnetic shielding properties as loading of dielectric filler (BaTiO3) increases. 

Total shielding effectiveness of -11 dB (~ 92% attenuation) at a loading of 50 wt% of BaTiO3 

justifies the use of these composites for suppression of EM radiations. Summary and conclusions are 

given at the end. 
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