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Nanotechnology has emerged as one of the most transformative scientific fields of the twenty-first 

century, enabling the manipulation of materials at atomic and molecular scales to achieve exceptional 

functional properties [1-3]. In materials science, the incorporation of nanoscale fillers—such as metal 

oxides, nanofibers, and carbon-based nanostructures—into polymer matrices has led to the 

development of advanced polymer nanocomposites with enhanced mechanical, thermal, and electrical 

performance [4-6]. These materials are increasingly utilized in energy storage, electronics, protective 

coatings, and construction sectors, where durability, strength, and thermal resistance are critical 

requirements [7, 8]. Polymer nanocomposites reinforced with nanostructured additives have attracted 

significant research interest due to their tunable microstructure, multifunctionality, and cost-effective 

processing routes [9, 10]. Among various fabrication techniques, the solution casting method remains 

one of the most versatile and reliable approaches for preparing polymer-based nanocomposites [11, 

12]. This method allows precise control over filler concentration, uniform dispersion, and film 

thickness, while minimizing processing defects [13-15]. In solution casting, polymer granules are 

dissolved in a suitable solvent, followed by the incorporation of nanofillers under ultrasonic agitation 

to prevent agglomeration, after which the mixture is cast and dried to obtain composite films [16, 17].  

 

This technique is particularly suitable for polyvinyl acetate (PVA), owing to its excellent solubility, 

film-forming ability, and compatibility with carbon nanostructures, which promote strong interfacial 

bonding [18]. Carbon nanotubes (CNTs) have emerged as highly effective reinforcing agents due to 

their extraordinary mechanical strength, high aspect ratio, and superior thermal and electrical 

conductivity [19, 20]. When uniformly dispersed within polymer matrices, CNTs significantly enhance 

stiffness, strength, and thermal stability through efficient load transfer and interfacial adhesion [21-23]. 

However, their tendency to agglomerate due to strong van der Waals interactions poses a major 

challenge, necessitating optimization of CNT loading and dispersion strategies [24-26]. The present 

study addresses the limitations of conventional PVA materials used in construction adhesives and 

coatings, which often suffer from low mechanical strength and poor thermal resistance. The novelty of 

this work lies in the systematic synthesis and evaluation of CNT/PVA nanocomposites tailored for 

construction applications. By incorporating minimal CNT concentrations, this research aims to 

simultaneously enhance crystallinity, mechanical integrity, and thermal stability. CNT/PVA 

nanocomposites with CNT loadings of 0–1.0 wt.% are prepared via solution casting and 

comprehensively characterized using structural, morphological, thermal, and mechanical analyses, 

demonstrating their potential for advanced construction material applications. 
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