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Abstract 

Aim: The piezo resistive property of Graphene PVDF films and Carbon nanotube PVDF films is 

analyzed and the possibility of replacing solid state resistor (10 ohm) in electronic circuits is 

explored. Materials and Methods: Embedded hardware interface and Wheatstone bridge circuit is 

used to analyze the electrical conductivity of Graphene PVDF films (n=10) and Carbon nanotube 

PVDF films (n=10) of length 2.6 cm and width 1.1 cm. Results: Graphene PVDF films have 

significantly higher Conductivity (0.082 s/m) (p<0.05) than Carbon nanotube PVDF films (0.0108 

s/m). Conclusion: Within the limits of this study Graphene PVDF films offer best Conductivity and 

can be used as a replacement for solid state resistors. 
 

Key-words: Graphene, Carbon Nanotubes (CNT), PVDF (Polyvinylidene Fluoride), 

Nanocomposites, Nanotechnology, Novel Material, Wheatstone Bridge. 

 

 

1. Introduction 

 

Electrical Conductivity of novel materials like graphene and carbon nanotube-based polymer 

films have been explored (Georgakilas 2014) by replacing the solid state resistor with graphene and 

carbon nanotube based-polymer films in the electronic circuits (Georgakilas 2014; Jariwala et al. 

2013). These films are low cost and light in weight. Graphene is the thinnest and strongest material 
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which conducts heat better than other materials and can be applied in electronic devices, circuits, 

sensors, batteries, membranes etc., Carbon nanotubes vary by length, purity, functionality and their 

applications can be found in energy storages, thermal materials and ceramics (Tripathy and Sahoo 

2017). 

Several research articles were published on graphene and carbon nanotube polymer 

nanocomposites in different journals for the past five years. 45 research articles were published in 

IEEE explore and 9809 research articles were published in Science direct. In recent times Christian 

Chandra Darmawan et. al, (Darmawan et al. 2017) explored the fabrication and characterization of 

Graphene-CNT hybrid material and improved heat dissipation in thermal measurement was observed. 

Wei Yan et. al, (Yan et al. 2017) explored the heterostructures of carbon nanotube and graphene. 

Ramos et. al, (Ramos et al. 2016) has investigated the performance and variableness of electrical 

contacts in nanocarbon interconnects. Avash Badakhsh et. al, (Badakhsh et al. 2019) has done 

research on improving the electrical, mechanical and thermal properties of composites by using a 

network of length controlled-carbon nanotubes and graphene nanoplatelets. Effects of different 

lengths of carbon nanotubes were also studied. 

Previously our team has a rich experience in working on various research projects across 

multiple disciplines (Sathish and Karthick 2020; Varghese, Ramesh, and Veeraiyan 2019; S. R. 

Samuel, Acharya, and Rao 2020; Venu, Raju, and Subramani 2019; M. S. Samuel et al. 2019; Venu, 

Subramani, and Raju 2019; Mehta et al. 2019; Sharma et al. 2019; Malli Sureshbabu et al. 2019; 

Krishnaswamy et al. 2020; Muthukrishnan et al. 2020; Gheena and Ezhilarasan 2019; Vignesh et al. 

2019; Ke et al. 2019; Vijayakumar Jain et al. 2019; Jose, Ajitha, and Subbaiyan 2020). Now the 

growing trend in this area motivated us to pursue this project. 

The motivation behind doing this research is there is no better replacement for solid state 

resistance in electronic circuits (Cesano et al. 2020), (Navarro-Pardo, Martinez-Hernandez, and 

Velasco-Santos 2016), (Camilli and Passacantando, n.d.). Deepak et. al, (Deepak, Cherian, and 

Jenkins 2021) has done research on exploring the electronic applications of graphene based polymer 

films. The main aim of this research is to compare the conductivity of graphene and carbon nanotube 

based PVDF films and to explore the possibility of using it as replacement for solid state resistors in 

electronic circuits. 
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2. Materials and Methods 

 

In this research work the materials are classified into two groups, one group refers to graphene 

based PVDF film and the other group refers to carbon nanotube based PVDF film. The pre-test 

analysis was done using clinicalc.com by keeping g-power at 80%, threshold at 0.05% (Tamburrano 

et al. 2013). Sample size of each group is 10 and the total sample is 20 having pre-test power analysis 

of 80%. Functionalized pure graphene, Multiwalled Carbon nanotubes (MWCNT), PVDF and 

solvents like DMF and acetone have been purchased commercially. 

In sample preparation for group 1, graphene PVDF films were prepared by chemically 

mixing, sonicating and drying in an oven for 10 hours at a temperature of 65
0
C using standard solvent 

casting technique (Deepak et al. 2015). 

In sample preparation for group 2, graphene powders were replaced with Carbon nanotubes 

and the same process is repeated in order to prepare MWCNT-PVDF films (Deepak, Cherian, and 

Jenkins 2021). 

Embedded hardware is modified by replacing solid state resistor with Graphene PVDF film 

based resistor and later with Carbon nanotube PVDF film based resistor. Voltage regulator produces 

fixed output voltage which is connected to A/D converter and ATMEL Microcontroller through one 

of the ports, it is fetched and given to other ports such as RS-232 and 2x16 LCD (Liquid Crystal 

Display). RS-232 is a serial port which communicates and transmits the data from hardware to 

computer. Voltage(V) and resistance(ohms) are displayed in LCD as shown in Fig. 1. 

The Wheatstone bridge is a circuit which is used to measure the unknown resistance. The 

Circuit consists of four different resistors R1, R2, R3, R4 of resistance 270Ω, 47Ω, 33Ω, 10Ω 

respectively. The circuit is later modified by replacing the solid-state resistor (R4) with graphene 

PVDF film based resistor and Carbon nanotube PVDF film based resistor. Voltage deflection was 

measured. 

The Resistance of Graphene PVDF film and Carbon nanotube PVDF film is determined by 

applying pressure to the film ranging from P1 to P10 where P1 being the lowest pressure applied and 

P10 being highest pressure applied in pascals. Pressure is given as input, voltage and resistance are 

displayed as output and corresponding values are noted down. Conductivity can be calculated from 

resistance. 

Statistical softwares used for plotting the graphs are ORIGINPRO V8.0 and SPSS. 

Independent variables are length, width, thickness and pressure applied to the film. Dependent 
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variable is resistance, resistivity and conductivity of the film. The analysis has been done on 

comparison of electrical conductivity of graphene and Carbon nanotube based PVDF films using 

Independent sample T test. 

 

3. Results 

 

As the pressure is applied to graphene PVDF and Carbon nanotube PVDF film the 

corresponding change in resistance and voltage are measured (Fig 1). Corresponding resistivity, 

conductivity of Graphene PVDF film are calculated and tabulated (Table 1). As the pressure increases 

from P1(low) to P10(high) resistance appears to decrease and conductivity appears to increase since 

resistance is inversely proportional to conductivity. Similarly, resistivity and conductivity of carbon 

nanotube PVDF film are tabulated (Table 2). As the pressure increases from P1(low) to P10(high) 

resistance appears to increase and conductivity appears to decrease for Carbon nanotube PVDF film. 

Resistance appears to decrease for graphene PVDF film and it appears to increase for CNT PVDF 

film. This phenomenon can be due to the inverse piezo resistive effect which is observed in graphene 

PVDF film. Voltage deflection of Wheatstone bridge with solid state resistor (Fig 2a) and graphene 

PVDF film (Fig 2b) are tabulated (Table 3). Resistance of graphene PVDF films appears to be 

gradually decreasing when the pressure applied is from P1 (low) to P10 (high) (Fig 3a). This 

phenomenon is due to the piezo resistance property of the film. Conductivity of graphene PVDF film 

appears to be gradually increasing (Fig 3b) since conductivity is inversely proportional to piezo 

resistance. Resistance of CNT PVDF film appears to be gradually increasing (Fig 4a) and hence 

conductivity of CNT PVDF film appears to be gradually decreasing (Fig 4b). T-test comparison of 

conductivity of graphene PVDF film and carbon nanotube PVDF film is tabulated (Table 4) which 

shows there is a statistically significant difference in conductivity of graphene PVDF film and carbon 

nanotube PVDF film. Conductivity of carbon nanotube PVDF film has the highest mean (0.012) over 

graphene PVDF film(0.037). The mean, standard deviation and significant difference of resistivity 

and conductivity of graphene PVDF film and carbon nanotube PVDF film is tabulated (Table 5) 

which shows there is a significance difference between the two groups since p<0.05 (Independent 

Sample T Test). Bar graph is comparing the mean (+/- 1 SD) conductivity of graphene PVDF films 

and carbon nanotube PVDF films (Fig 5) and there is a significance difference in resistance and 

conductivity of graphene and MWCNT based composite films p<0.05 (Independent sample T test). 
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Table 1- Voltage, Resistance, Resistivity and Conductivity of Graphene PVDF Films when Pressure from P1 (low) to P10 (high) is 

Applied to Films in Pascals 

Applied Pressure (Pascals) Voltage(V) Resistance (ohm) Resistivity (ohm-meter) Conductivity (S/m) 

P1 0.86 76 83.6 0.011 

P2 1.11 69 75.9 0.013 

P3 1.72 58 63.8 0.015 

P4 2.37 45 49.5 0.020 

P5 3.56 25 27.5 0.036 

P6 3.77 23 25.3 0.039 

P7 3.82 21 23.1 0.043 

P8 3.84 21 23.1 0.043 

P9 4.29 12 13.2 0.075 

P10 4.35 11 12.1 0.082 

 

Fig. 1- Embedded Hardware Showing Voltage and Resistance Reading when Pressure is Applied to Graphene PVDF Film 

 

 

Table 2- Voltage, Resistance, Resistivity and Conductivity of Carbon Nanotube PVDF Films when Pressure from P1 (Low) to P10 

(High) is applied in Pascals 

Applied Pressure (Pascals) Voltage (V) Resistance (ohm) Resistivity (ohm-meter) Conductivity (S/m) 

P1 1.86 56 61.6 0.016 

P2 1.37 65 71.5 0.013 

P3 1.29 66 72.6 0.013 

P4 1.33 68 70.4 0.014 

P5 0.96 72 79.2 0.012 

P6 0.94 73 80.3 0.012 

P7 0.92 74 81.4 0.012 

P8 0.54 80 88.0 0.011 

P9 0.37 83 91.3 0.010  

P10 0.33 84 92.4 0.010 
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Table 3- Voltage Deflection of Graphene and CNT PVDF Films by Replacing Solid State Resistor (R4) with GRAPHENE and 

CNT Film based Resistors in Wheatstone Bridge Circuit 

Wheatstone bridge Resistor (R1) Resistor (R2) Resistor (R3) Resistor (R4) Voltage deflection 

Solid state resistor 270Ω 47Ω 33Ω 10Ω 1.0V 

Graphene PVDF film 270Ω 47Ω 33Ω 5.74Ω 2.0V 

CNT PVDF film 270Ω 47Ω 33Ω 5.74Ω 2.0V 

 

Table 4- T-test Comparison of Conductivity of Graphene PVDF Film and Carbon Nanotube PVDF Film. There is a Statistically 

Significant difference in Conductivity of Graphene PVDF Film and Carbon Nanotube PVDF Film. Conductivity of Carbon 

Nanotube PVDF Film has the Highest Mean (0.012) over Graphene PVDF Film (0.037) 

  GROUP N Mean Std. Deviation Std. Error Mean 

VOLTAGE 
Graphene PVDF 10 2.9690 1.33119 .42096 

MWCNT PVDF 10 .9910 .48736 .15412 

RESISTANCE 
Graphene PVDF 10 36.1000 24.02522 7.59744 

MWCNT PVDF 10 72.1000 8.76166 2.77068 

RESISTIVITY 
Graphene PVDF 10 39.710 26.4277 8.3572 

MWCNT PVDF 10 78.870 9.9616 3.1501 

CONDUCTIVITY 
Graphene PVDF 10 .037970 .0246872 .0078068 

MWCNT PVDF 10 .012827 .0017024 .0005383 

 

Table 5- Shows the Mean, Standard Deviation and Significance difference of Resistivity and Conductivity of Graphene PVDF 

Film and Carbon Nanotube PVDF Film. There is a Significance difference between the Two Groups since p<0.05 (Independent 

Sample T Test) 

 

Levene’s Test for 

Equality of 

Variances 

 T-test for Equality of means 

F Sig t dif 
Sig (2-

tailed) 

Mean 

Difference 

Std Error 

Difference 

95% Confidence Interval 

of the Difference 

Lower Upper 

Voltage 

Equal 

variances 

assumed  

Equal 

variances not 
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17.747 

.001 

4.412 18 

.000 

 

 

.001 
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.44828 
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.99524 
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  4.412 11.370 
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Equal 
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Variances 
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.001 
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18 
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-36.00000 
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Equal 
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-57.9237 
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-19.6007 

Conductivity 

Equal 

variances 
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Equal 

variances not 
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13.207 .002 
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3.213 
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9.086 

.000 

 

 

.001 

.0251430 
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Fig. 2a- Wheatstone Bridge with Solid State Resistor. Voltage Deflection Measured is 1 Volt 

 

 

Fig. 2b- Wheatstone Bridge Circuit with Graphene PVDF Film. Voltage Deflection Measured is 2 Volts 

 

 

Fig. 3a- Pressure vs Resistance of Graphene PVDF Films. Resistance Decreases as the Pressure is Applied from P1 (low) to P10 

(high) in Pascals 
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Fig. 3b- Pressure vs Conductivity of Graphene PVDF Films. Conductivity Increases as the Pressure is Applied from P1 (Low) to 

P10 (High) in Pascals 

 

 

Fig. 4a- Pressure vs Resistance of CNT PVDF Film. Resistance Increases as the Pressure is Applied from P1 (Low) to P10 (High) 

in Pascals 

 

 

Fig. 4b- Pressure vs Conductivity of CNT PVDF Film. Conductivity Decreases as Pressure is Applied from P1 (Low) to P10 

(High) in Pascals 
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Fig. 5- Bar Chart Comparing the Mean (+/- 1 SD) Conductivity of Graphene PVDF Films with Carbon Nanotube PVDF Films. 

There is a Significance difference between the Two Groups p<0.05 (Independent Sample T Test). X-AXIS: Graphene PVDF and 

MWCNT PVDF. Y-AXIS: Mean Conductivity 

 

 

4. Discussion 

 

Electrical Conductivity of carbon nanotube based polymer films and graphene based polymer 

films are explored to optimize the conductivity and to use it as replacement instead of solid state 

resistor. Some of the past studies (Deepak et al. 2015) reported the possibility of using graphene 

based polymer film in electronic circuits. (Rafiee 2011) has presented an approach for preparation of 

graphene polymer composites by exfoliating the graphite. (Patole et al. 2012) has presented the 

analysis in the preparation of graphene and carbon nanotube by water based in situ microemulsion 

polymerization. All the results are in concurrence with the present findings. 

Factors which can affect the conductivity of both graphene and CNT based polymer films are 

length of the film, width of the film, weight percentage of graphene in graphene PVDF film and 

carbon nanotube in CNT PVDF film, homogeneity and electrical noise in circuit (Namasivayam and 

Shapter 2017). 

Modification of length and width of the film can affect the conductivity of the film. So 

precautions were taken to keep both length and width of the film constant during the research work. 

Weight percentage (6wt%) of graphene in Graphene PVDF film and CNT in CNT PVDF film were 

also kept constant during sample preparation. So the weight percentage of graphene will have the 

same effect on all the samples and hence conductivity will not get affected. Environmental factors 
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such as electric noise can affect circuit during its operation. During sample preparation special 

measures were taken to keep homogeneity of the film constant. 

Our institution is passionate about high quality evidence based research and has excelled in 

various fields ((Vijayashree Priyadharsini 2019; Ezhilarasan, Apoorva, and Ashok Vardhan 2019; 

Ramesh et al. 2018; Mathew et al. 2020; Sridharan et al. 2019; Pc, Marimuthu, and Devadoss 2018; 

Ramadurai et al. 2019). We hope this study adds to this rich legacy. 

Limitations such as sample preparation delay, Inability to precisely measure the applied 

pressure, presence of impurities in the thin film and external disturbance like noise should be taken 

into consideration. 

Carbon nanotubes are electrically conductive (Lekawa‐Raus et al. 2014) and they have the 

potential to be a cost effective substitute for metal wires. (Qu et al. 2020), (Chae and Lee 2014), 

(Ghallab and Badawy 2006), (Yang et al. 2011). Graphene PVDF films with higher stiffness, 

durability, and electrical conductivity have a wide range of applications as lightweight materials, they 

can be used in aircraft, windmill blades, sports equipment (Ho and Wei 2013) and as flexible 

conductive materials for electronic devices (Kim et al. 2012). Graphene can also be used in 

biomedical applications like drug delivery, brain penetration improvement (Maiti et al. 2014). 

 

5. Conclusion 

 

Graphene based PVDF film has better conductivity when compared to carbon nanotube based 

PVDF film. As the pressure is applied to graphene PVDF film there is a significant decrease in 

resistance and increase in conductivity, whereas in carbon nanotube PVDF film, there is a significant 

increase in resistance and decrease in conductivity. Possibility of using graphene PVDF and CNT 

PVDF films as a solid state resistor in electronics is achieved by successfully implementing in 

wheatstone bridge circuit and also can be applied in other electronic circuits. 

 

Declarations 

 

Conflict of Interests 

 

No conflict of interest in this manuscript. 

 



 

 

 

 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021) 

Received: 12.03.2021 – Accepted: 12.04.2021 

1334 

 

Author Contribution 

 

Author P. Manoj Kumar was involved in data collection, data analysis, manuscript writing. 

Author Dr.A. Deepak was involved in conceptualization, guidance and critical review of manuscript. 

 

Acknowledgement 

 

The authors would like to express their gratitude towards Saveetha School of Engineering, 

Saveetha Institute of Medical and Technical Sciences (Formerly known as Saveetha University) for 

providing the necessary infrastructure to carry out this work successfully. 

 

Funding 

 

We thank the following organizations for providing financial support that enabled us to 

complete the study. 

 

1. Qbec Infosol Pvt. Ltd 

2. Saveetha University 

3. Saveetha Institute of Medical and Technical Sciences 

4. Saveetha School of Engineering. 

 

References 

 

Badakhsh, A., Lee, Y.M., Rhee, K.Y., Park, C.W., An, K.H., & Kim, B.J. (2019). Improvement of 

thermal, electrical and mechanical properties of composites using a synergistic network of length 

controlled-CNTs and graphene nanoplatelets. Composites Part B: Engineering, 175, 107075. 

https://doi.org/10.1016/j.compositesb.2019.107075 

Camilli, L., & Passacantando, M. (2018). Advances on sensors based on carbon nanotubes. 

Chemosensors, 6(4), 62. https://doi.org/10.20944/preprints201811.0262.v1 

Cesano, F., Uddin, M.J., Lozano, K., Zanetti, M., & Scarano, D. (2020). All-carbon conductors for 

electronic and electrical wiring applications. Carbon-and Inorganic-based Nanostructures for Energy 

Applications. Frontiers in Materials. https://doi.org/10.3389/fmats.2020.00219 

Chae, S.H., & Lee, Y.H. (2014). Carbon nanotubes and graphene towards soft electronics. Nano 

Convergence, 1(1), 1-26. 



 

 

 

 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021) 

Received: 12.03.2021 – Accepted: 12.04.2021 

1335 

 

Darmawan, C.C., Ye, L., Samani, M.K., Fu, Y., & Liu, J. (2017). Graphene-CNT hybrid material as 

potential thermal solution in electronics applications. In IMAPS Nordic Conference on 

Microelectronics Packaging (NordPac), 190-193. https://doi.org/10.1109/nordpac.2017.7993191. 

Deepak, A., Cherian, P., & Jenkins, D.F.L. (2021). Exploring the Structural and Dielectric Properties 

of Polymer Films Incorporating Carbon-Based Nanomaterials. International Journal of Nanoscience, 

20(02), 2150019.  https://doi.org/10.1142/s0219581x21500198. 

Deepak, A., Srinivasan, N., Karthik, V., Ramya, S., Ganesan, V., & Shankar, P. (2015). Graphene 

based polymer strain sensors for non-destructive testing. In Advanced Materials Research, 1101,  

314-317. Trans Tech Publications Ltd. https://doi.org/10.4028/www.scientific.net/amr.1101.314 

Ezhilarasan, D., Apoorva, V.S., & Ashok Vardhan, N. (2019). Syzygium cumini extract induced 

reactive oxygen species-mediated apoptosis in human oral squamous carcinoma cells. Journal of 

Oral Pathology & Medicine: Official Publication of the International Association of Oral 

Pathologists and the American Academy of Oral Pathology, 48(2), 115-121. 

Georgakilas, V. (2014). Functionalization of graphene by other carbon nanostructures. 

Functionalization of Graphene, 255-282. https://doi.org/10.1002/9783527672790.ch9. 

Ghallab, Y.H., & Badawy, W. (2006). A new topology for a current-mode Wheatstone bridge. IEEE 

Transactions on Circuits and Systems II: Express Briefs, 53(1), 18-22. 

https://doi.org/10.1109/tcsii.2005.854589. 

Gheena, S., & Ezhilarasan, D. (2019). Syringic Acid Triggers Reactive Oxygen Species-Mediated 

Cytotoxicity in HepG2 Cells. Human & Experimental Toxicology, 38(6), 694–702. 

Ho, X., & Wei, J. (2013). Films of carbon nanomaterials for transparent conductors. Materials, 6(6), 

2155-2181. 

Jariwala, D., Sangwan, V.K., Lauhon, L.J., Marks, T.J., & Hersam, M.C. (2013). Carbon 

nanomaterials for electronics, optoelectronics, photovoltaics, and sensing. Chemical Society Reviews, 

42(7), 2824-2860. 

Jose, J., & Subbaiyan, H. (2020). Different treatment modalities followed by dental practitioners for 

ellis class 2 fracture–A questionnaire-based survey. The Open Dentistry Journal, 14(1), 59-65. 

Ke, Y., Al Aboody, M.S., Alturaiki, W., Alsagaby, S.A., Alfaiz, F.A., Veeraraghavan, V.P., & 

Mickymaray, S. (2019). Photosynthesized gold nanoparticles from Catharanthus roseus induces 

caspase-mediated apoptosis in cervical cancer cells (HeLa). Artificial cells, nanomedicine, and 

biotechnology, 47(1), 1938-1946. 

Kim, S.W., Kim, T., Kim, Y.S., Choi, H.S., Lim, H.J., Yang, S.J., & Park, C.R. (2012). Surface 

modifications for the effective dispersion of carbon nanotubes in solvents and polymers. Carbon, 

50(1), 3-33. https://doi.org/10.1016/j.carbon.2011.08.011. 

Krishnaswamy, H., Muthukrishnan, S., Thanikodi, S., Antony, G.A., & Venkatraman, V. (2020). 

Investigation of air conditioning temperature variation by modifying the structure of passenger car 

using computational fluid dynamics. Thermal Science, 24(1 Part B), 495-498. 

Lekawa-Raus, A., Patmore, J., Kurzepa, L., Bulmer, J., & Koziol, K. (2014). Electrical properties of 

carbon nanotube based fibers and their future use in electrical wiring. Advanced Functional 

Materials, 24(24), 3661-3682. https://doi.org/10.1002/adfm.201303716. 



 

 

 

 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021) 

Received: 12.03.2021 – Accepted: 12.04.2021 

1336 

 

Maiti, U.N., Lee, W.J., Lee, J.M., Oh, Y., Kim, J.Y., Kim, J.E., & Kim, S.O. (2014). 25th 

Anniversary article: chemically modified/doped carbon nanotubes & graphene for optimized 

nanostructures & nanodevices. Advanced Materials, 26(1), 40-67. 

Malli Sureshbabu, N., Selvarasu, K., Nandakumar, M., & Selvam, D. (2019). Concentrated growth 

factors as an ingenious biomaterial in regeneration of bony defects after periapical surgery: A report 

of two cases. Case reports in dentistry. 

Mathew, M.G., Samuel, S.R., Soni, A.J., & Roopa, K.B. (2020). Evaluation of adhesion of 

Streptococcus mutans, plaque accumulation on zirconia and stainless steel crowns, and surrounding 

gingival inflammation in primary molars: Randomized controlled trial. Clinical oral investigations, 

24(9), 3275-3280. https://link.springer.com/article/10.1007/s00784-020-03204-9. 

Mehta, M., Tewari, D., Gupta, G., Awasthi, R., Singh, H., Pandey, P., & Satija, S. (2019). 

Oligonucleotide therapy: an emerging focus area for drug delivery in chronic inflammatory 

respiratory diseases. Chemico-biological interactions, 308, 206-215. 

Muthukrishnan, S., Krishnaswamy, H., Thanikodi, S., Sundaresan, D., & Venkatraman, V. (2020). 

Support vector machine for modelling and simulation of Heat exchangers. Thermal Science, 24        

(1 Part B), 499-503. 

Namasivayam, M., & Shapter, J. (2017). Factors affecting carbon nanotube fillers towards 

enhancement of thermal conductivity in polymer nanocomposites: A review. Journal of Composite 

Materials, 51(26), 3657-3668. https://doi.org/10.1177/0021998317692398 

Navarro-Pardo, F., Martinez-Hernandez, A.L., & Velasco-Santos, C. (2016). Carbon nanotube and 

graphene based polyamide electrospun nanocomposites: a review. Journal of Nanomaterials. 

https://doi.org/10.1155/2016/3182761 

Patole, A.S., Patole, S.P., Jung, S.Y., Yoo, J.B., An, J.H., & Kim, T.H. (2012). Self assembled 

graphene/carbon nanotube/polystyrene hybrid nanocomposite by in situ microemulsion 

polymerization. European Polymer Journal, 48(2), 252-259. 

https://doi.org/10.1016/j.eurpolymj.2011.11.005 

PC, J., Marimuthu, T., Devadoss, P., & Kumar, S.M. (2018). Prevalence and measurement of anterior 

loop of the mandibular canal using CBCT: A cross sectional study. Clinical implant dentistry and 

related research, 20(4), 531-534. https://europepmc.org/article/med/29624863. 

Qu, S., Dai, Y., Zhang, D., Li, Q., Chou, T.W., & Lyu, W. (2020). Carbon nanotube film based 

multifunctional composite materials: an overview. Functional Composites and Structures, 2(2), 

022002. https://doi.org/10.1088/2631-6331/ab9752 

Rafiee, M.A. (2011). Graphene-based composite materials. New York, USA: Rensselaer Polytechnic 

Institute. 

Ramadurai, N., Gurunathan, D., Samuel, A.V., Subramanian, E., & Rodrigues, S.J. (2019). 

Effectiveness of 2% Articaine as an anesthetic agent in children: randomized controlled trial. Clinical 

oral investigations, 23(9), 3543-3550. 

Ramesh, A., Varghese, S., Jayakumar, N.D., & Malaiappan, S. (2018). Comparative estimation of 

sulfiredoxin levels between chronic periodontitis and healthy patients–A case-control study. Journal 

of periodontology, 89(10), 1241-1248. 



 

 

 

 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021) 

Received: 12.03.2021 – Accepted: 12.04.2021 

1337 

 

Ramos, R., Fournier, A., Fayolle, M., Dijon, J., Murray, C.P., & McKenna, J. (2016). Nanocarbon 

interconnects combining vertical CNT interconnects and horizontal graphene lines. In IEEE 

International Interconnect Technology Conference/Advanced Metallization Conference (IITC/AMC), 

48-50. https://doi.org/10.1109/iitc-amc.2016.7507676 

Samuel, M.S., Bhattacharya, J., Raj, S., Santhanam, N., Singh, H., & Singh, N.P. (2019). Efficient 

removal of Chromium (VI) from aqueous solution using chitosan grafted graphene oxide (CS-GO) 

nanocomposite. International journal of biological macromolecules, 121, 285-292. 

Samuel, S.R., Acharya, S., & Rao, J.C. (2020). School Interventions–based Prevention of 

Early‐ Childhood Caries among 3–5‐year‐old children from very low socioeconomic status: 

Two‐ year randomized trial. Journal of public health dentistry, 80(1), 51-60. 

Sathish, T., & Karthick, S. (2020). Wear behaviour analysis on aluminium alloy 7050 with reinforced 

SiC through taguchi approach. Journal of Materials Research and Technology, 9(3), 3481-3487. 

Sharma, P., Mehta, M., Dhanjal, D.S., Kaur, S., Gupta, G., Singh, H., & Satija, S. (2019). Emerging 

trends in the novel drug delivery approaches for the treatment of lung cancer. Chemico-biological 

interactions, 309, 108720. 

Sridharan, G., Ramani, P., Patankar, S., & Vijayaraghavan, R. (2019). Evaluation of salivary 

metabolomics in oral leukoplakia and oral squamous cell carcinoma. Journal of Oral Pathology & 

Medicine: Official Publication of the International Association of Oral Pathologists and the 

American Academy of Oral Pathology, 48(4), 299-306. 

Tamburrano, A., Sarasini, F., De Bellis, G., D’Aloia, A.G., & Sarto, M.S. (2013). The piezoresistive 

effect in graphene-based polymeric composites. Nanotechnology, 24(46), 465702. 

Tripathy, D.K., & Sahoo, B.P. (2017). Properties and Applications of Polymer Nanocomposites. 

Springer-Verlag GmbH, Germany. 

Varghese, S.S., Ramesh, A., & Veeraiyan, D.N. (2019). Blended Module-based Teaching in 

Biostatistics and Research Methodology: A Retrospective Study with Postgraduate Dental Students. 

Journal of dental education, 83(4), 445-450. 

Venu, H., Raju, V.D., & Subramani, L. (2019). Combined effect of influence of nano additives, 

combustion chamber geometry and injection timing in a DI diesel engine fuelled with ternary   

(diesel-biodiesel-ethanol) blends. Energy, 174, 386-406. 

Venu, H., Subramani, L., & Raju, V.D. (2019). Emission reduction in a DI diesel engine using 

exhaust gas recirculation (EGR) of palm biodiesel blended with TiO2 nano additives. Renewable 

Energy, 140, 245-263. 

Vignesh, R., Ditto Sharmin, C., Annamalai, S., & Baghkomeh, P.N. (2019). Management of 

complicated crown-root fracture by extra-oral fragment reattachment and intentional reimplantation 

with 2 years review. Contemporary clinical dentistry, 10(2), 397-401. 

Jain, S.V., Muthusekhar, M.R., Baig, M.F., Senthilnathan, P., Loganathan, S., Wahab, P.A., & Vohra, 

Y. (2019). Evaluation of three-dimensional changes in pharyngeal airway following isolated lefort 

one osteotomy for the correction of vertical maxillary excess: a prospective study. Journal of 

maxillofacial and oral surgery, 18(1), 139-146. 



 

 

 

 

 

ISSN: 2237-0722  

Vol. 11 No. 2 (2021) 

Received: 12.03.2021 – Accepted: 12.04.2021 

1338 

 

Priyadharsini, J.V. (2019). In silico validation of the non‐antibiotic drugs acetaminophen and 

ibuprofen as antibacterial agents against red complex pathogens. Journal of periodontology, 90(12), 

1441-1448. 

Yang, S.B., Kong, B.S., Jung, D. H., Baek, Y.K., Han, C.S., Oh, S.K., & Jung, H.T. (2011). Recent 

advances in hybrids of carbon nanotube network films and nanomaterials for their potential 

applications as transparent conducting films. Nanoscale, 3(4), 1361-1373. 

Yan, W., Li, G., Li, B., Zhou, C., Tian, R.Y., Yang, X.B., & Yang, C.Y. (2017). CNT-graphene 

heterostructures: First-principle study of electrical and thermal conductions. In 18th International 

Conference on Electronic Packaging Technology (ICEPT), 1319-1322. 

https://doi.org/10.1109/icept.2017.8046681 


