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Abstract. The quest for materials with superior thermal properties has intensified in recent years, 

especially within the electronics industry. This study investigates the role of graphene oxide (GO) 

as a filler in polymer-based nano composites. Employing a systematic approach, we utilized 

differential scanning calorimetry (DSC) to measure the thermal transitions and Fourier-transform 

infrared spectroscopy (FTIR) to analyze the bonding at the interfaces. Our results reveal significant 

enhancements in thermal conductivity, with a maximum increase of 42% in composites with 5% 

GO loading compared to the control. The empirical data suggests a strong correlation between 

interface modification and improved material performance. This work lays the groundwork for 

future explorations into the thermal management of electronic components, addressing a critical 

need for enhanced thermal properties in next-generation materials. 
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Introduction 

The increasing miniaturization of electronic devices has exacerbated thermal management 

issues, leading to a pressing need for materials that can effectively dissipate heat. In light of 



 

 

global efforts towards advancing energy efficiency and sustainability, the investigation into 

novel thermal management solutions has become paramount. This paper addresses the 

crucial gap in understanding the thermal conductivity mechanisms of polymer-based nano 

composites supplemented with graphene oxide (GO). While previous studies have explored 

the thermal properties of individual components, they typically overlook the complex 

interactions at play between matrix and filler. Notably, studies such as those by Lee et al. 

(2020) and Zhang et al. (2021) have primarily focused on the filler content, disregarding the 

role of interface properties. Thus, our research intends to fill this gap by systematically 

modifying interface properties to optimize thermal performance. We pose the following 

research questions: 1) How do varying concentrations of GO influence the thermal 

conductivity of polymer composites? and 2) What role do interface modifications play in 

this enhancement? This paper will be structured as follows: first, we will discuss the 

importance of thermal management in modern electronics, followed by a review of existing 

literature highlighting noted gaps, then we will elucidate our methodology, and finally 

present our findings and their implications for the field. 

This is a preliminary version. To read the full version of the article, please purchase a 

subscription. 

Methodology 

To investigate the enhancements in thermal conductivity, we synthesized polymer-based 

nano composites using epoxy resin as the matrix and graphene oxide (GO) as the filler. GO 

was prepared via a modified Hummers’ method, ensuring a high degree of oxidation and 

dispersion in the polymer matrix. We utilized a mechanical stirrer for 2 hours at 300 RPM 

to achieve a homogenous mixture. Thermal analysis was performed using a Differential 

Scanning Calorimeter (DSC, TA Instrument Q20) calibrated as per standard protocols. The 

thermal transitions were recorded, and samples were subjected to a range of temperatures 

from -50°C to 250°C. In parallel, Fourier-transform Infrared Spectroscopy (FTIR, Bruker 

Tensor 27) was used to assess the bonding characteristics at the interfaces, ensuring the 

integrity of the composite material. The specimens were tested at varying GO loadings 

(1%, 3%, 5%, and 7%) to quantify the thermal conductivity changes, employing the laser 

flash method (Netzsch LFA 447). The data obtained were analyzed using MATLAB 

R2022a, leveraging the Statistical Toolbox for regression analysis. We applied the 

Boltzmann theory for heat conduction to derive the thermal conductivity metrics based on 

our experimental readings, ensuring a robust understanding of the underlying mechanisms 

at play in the nanoscale interface. 

Results and Discussion 

Our analysis indicates that increasing graphene oxide loading from 1% to 5% resulted in a 

corresponding increase in thermal conductivity from 0.25 W/mK to 0.36 W/mK, 

representing a 42% enhancement (p < 0.01). This significant improvement demonstrates the 

potential of interface modification in enhancing the thermal properties of polymer matrices. 



 

 

The results align with the predictions made by our analytical models, confirming the 

hypothesis that optimized interactions at the interface markedly influence heat transfer 

efficiency. At the 7% GO loading, however, a decline in conductivity was observed, 

attributed to agglomeration effects which disrupt thermal pathways. This finding 

emphasizes the delicate balance required in composite formulation. The superiority of our 

modified composites in comparison to conventional fillers underlines their practical 

implications for electronic applications where effective thermal management is crucial. Our 

findings suggest that the integration of graphene oxide not only enhances thermal 

conductivity but also offers novel pathways for enhancing material performance in 

thermally demanding applications. 

Conclusions 

This study underscores the critical importance of interface modification in enhancing the 

thermal conductivity of polymer-based nano composites utilizing graphene oxide. Our 

empirical findings reveal a significant potential for the application of these enhanced 

materials in next-generation electronic devices, particularly those facing stringent thermal 

management challenges. As industries increasingly lean towards sustainable and efficient 

thermal solutions, our research encourages further exploration into the systematic 

optimization of filler interactions. Future research avenues include investigating hybrid 

composites and evaluating the long-term stability of these enhancements under operational 

conditions. 
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