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Abstract 

Polymeric nanocomposites (PNCs) are one of the advanced materials which have 

applications in many areas such as aerospace, defence, packaging, stealth, etc. PNCs 

can revolutionize the advanced composites with their use as matrices for 

microreinforcement such as glass fibre, carbon fibre, etc. PNCs based on high 

performance plastics such as polyetherimide, polyetheretherketone, polysulfones, etc. 

have superior mechanical strength and thermal stability to that of their neat polymers. 

The use of PNC as matrix for reinforcement with glass fabric leads to a concept of fabric 

reinforced nanocomposite-matrix composite (FRNC). 

Among many advanced applications, radar transparent structures are in demand 

to shield the antenna from operating environment. The applications require these 

materials to be structurally strong, thermally stable and transparent to radar i.e. 

electromagnetic (EM) waves. In the present study PEI/nanoclay composites have been 

prepared, characterized and evaluated and the PEI/nanoclay composite film, with 

optimum properties, was used as matrix with E-glass fabric as the reinforcement to make 

FRNC. 

Organoclay (ONC) (Grade: Cloisite 30B) reinforced polyetherimide (PEI) and 

untreated nanoclay (UNC) (Grade: K10) reinforced PEI nanocomposites were prepared 

by vibration casting method and properties were evaluated and compared. Vibration 

casting apparatus was designed and fabricated. Vibrations not only prevented the settling 

of nanoclay particles, but also, led to intercalation and exfoliation of nanoclay. The 

processing parameters for vibration casting were established. N,N'-dimethyl acetamide 

was used as the solvent for dissolving PEI and as the casting medium. The samples were 

fabricated with varying content (0.5% 1.0% 2.0% and 3.0%) of ONC and UNC. 

Intercalation and exfoliation were observed in PEI/ONC nanocomposites in wide angle 

X-ray diffraction (WAXD), scanning electron microscopy (SEM) and transmission 

electron microscopy (TEM). Whereas, formation of tactoids was observed for PEI/UNC 

nanocomposites in WAXD and SEM. In PEI/UNC nanocomposites, the phase separation 

and segregation of UNC was observed in SEM micrographs. UNC tactoids were present 

in PEI/UNC nanocomposites. There was uniform dispersion of nanoclay in the form of 

vi 



intercalation and exfoliation in PEI/ONC nanocomposites. Minor segregation and phase 

separation of ONC were observed at 2 wt. % and above for ONC, but, in case of UNC, 

even at 1 wt. % content, this effect was profound. The morphology was in correlation 

with thermal, mechanical and dielectric properties. 

Thermal behaviour of PEI/ONC and PEI/UNC nanocomposites was evaluated by 

differential scanning calorimetry, thermo gravimetric analysis and isothermal aging 

process. Thermal stability of PEI/ONC nanocomposites were found to be superior to that 

of PEI/UNC nanocomposites. The best thermal behaviour was observed for 1 wt. 

ONC reinforced PEI nanocomposite. 

The values of dielectric constant, loss tangent, transmission loss and reflection 

loss were measured at 8 to 12 GHz frequency. These properties were found to be lesser 

for PEI/ONC nanocomposites than that for PEI/UNC nanocomposites. Here, too, the 

least transmission and reflection losses were observed for PEI/ONC (1 wt. 

composition). Therefore, PEI/ONC (1 wt. % composition) was found to have optimum 

mechanical, thermal and dielectric properties along with least transmission and 

reflection losses among all other composition developed in this study. 

Fabric reinforced nanocomposite-matrix Composites (FRNC) were fabricated by 

compression moulding technology using 1 wt. % ONC reinforced PEI as a matrix and E-

glass fabric as reinforcement. The processing parameters were established. In order to 

compare the effect of PEI/ONC matrix, E-glass reinforced PEI composites were 

fabricated using the same processing parameters. The mechanical, thermal and 

dielectric performances of FRNC were found to be superior to E-glass/PEI composites. 

There was no significant difference in transparency to electromagnetic wave between 

these two composites. 

In all, the developed glass/PEI/organoclay based FRNC was radar transparent 

high and performance polymeric nanocomposite which had potential to be used for 

specialized applications in aerospace, defence, automotives, pressure vessels, etc. Radar 

transparent FRNCs are the promising materials for nose cones of supersonic aircrafts, 

radar domes (radomes) for missiles, domes for satellite communication antenna, covers 

for radio frequency sensors for automobiles, etc. 
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