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Abstract:  

This review covers potentially significant nanocomposite materials for electronics industry. Polymer-based 

electronics is an emerging technology focusing the development of electronic devices incorporating 

polymers and electrically conductive materials. Graphene is an imperative type of nanomaterial used in 

nanocomposite. Polymer/graphene nanocomposites are made up of polymer matrices and graphene to be 

employed as advanced materials. Incorporating nanometric graphene may improve the electrical, electronic, 

thermal, and mechanical properties of polymer/graphene nanocomposites. Conducting polymers have been 

found more effective in electronics compared with the non-conducting thermoplastics and thermosets. Such 

nanomaterials have been employed in number of growing electronic technologies such as electronic circuits, 

display devices, sensors, detectors, conductors, transistors, transparent electrodes, batteries, solar cells, 

biomolecular electronics, telecommunication, storage systems, etc. 
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1. Introduction 

Field of nanocomposite is exceptionally miscellaneous and multidisciplinary field ranging from 

automotive to biomedical application. In electronics, polymers are commonly employed components. 

Polymers have advantages of lightweight, processability, durability, ease of fabrication, and low cost. 

Polymer-based electronics are often referred as organic electronics. Some remarkable conducting and 

semiconducting polymers have been designed and used having fine properties providing basis for novel 

next generation electronics. Design, synthesis, characterization, and application of polymer-based 

electronics have been explored for desirable electronic properties such as conductivity. However, their 

use in electronics is limited because of low electrical and other electronics desired properties [1, 2]. In 

this regard, nanocarbon such as graphene is the commonly used nanofiller. Graphene is 

two-dimensional carbon nanosheet with sp2-hybridized carbon atoms [3]. To improve the 

characteristics of polymers, graphene has been used as an effective reinforcement. Theproperties and 

applications of polymer/graphene nanocomposite have been enhanced owing to exclusive enhanced 

mechanical, and thermal features [4-8]. Moreover, other attractive characteristic properties such as 

high electron mobility, superior thermal conductivity, and optical transmittance have also been 

observed. Polymer/graphene nanocomposites have been fabricated using different methods such as 

solution mixing, melt processing, in situ polymerization, etc. For electronic applications, film casting, 

spin-coating, dip-coating, and imprinting techniques have been employed. The most successful 

electronic applications of polymer/graphene are in electronic circuits, batteries, sensors, detectors, 

capacitors, displays, etc. [9, 10]. This review covers essential aspects of polymer/graphene 

nanocomposite especially focusing their electronic applications.Extensive knowledge of 

polymer/graphene materials is essential to define material specification and overcome challenges for 

electrical devices and electronic industry. 

2.  Graphene  

Graphene is a single nanosheet with sp2 hybridized carbon atoms (Fig. 1). Graphene has intrinsic 

mobility of 200,000 cm2 v-1 s-1, specific surface area of 2630 m2g-1, thermal conductivity of ~5000 

Wm-1K-1, and Young’s modulus of ~1.0 TPa. It also possess optical transmittance of 97%. Oxidized 

graphene nanosheet is referred as graphene oxide (GO). It typically contains pseudo-two-dimensional 

lamellae and superior structural properties. It has been prepared by the oxidation of natural graphite 

flakes. Owing to outstanding features, graphene and its derivatives have been used as nanofiller for 

polymer nanocomposite [11-13]. Superior thermal conductivity, mechanical properties, and electronic 

transport properties of nanocomposite have been considered for several electronics and device 

applications. Mainly distinctive electrical conductivity, thermal conductivity, and optical 

propertiesrender polymer/graphene nanocomposites useful for electronic circuits, sensors, batteries, 

and current protectors. 
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Fig. 1 Graphite, graphene,and graphene oxide nanosheet. 

3. Polymer/graphene nanocomposite 

Polymeric nanocomposite is an important application of graphene and graphene-derived nanomaterials. 
Graphene is an appositenanofiller for physical and mechanical property improvement of 
nanocomposite. Graphene nanofiller dispersion may improve the characteristics of polymer matrices. 
Polymer/graphene nanocomposites has gained immense research attention owing to superior 
mechanical, thermal, electrical, and barrier properties [14-18]. Polymer/graphene nanocomposite has 
been prepared using various techniques involving solution/melt processing and in situ polymerization 
techniques (Fig. 2) [19].  
 

 

Fig. 2In situ polymer/graphene formation. 
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Conjugated polymers such as polyaniline (PANI) has been in situ polymerized. The PANI doped 

graphene nanocomposite has been used as building blocks for electronics. The deposition of range of 

conjugated polymers in electronic devices have been achieved by this simple technique followed by 

printing. Fig. 3 shows the formation of a graphene dispersed polymer nanocomposite. Solution 

dispersion of graphene in polymers followed by filtration and vacuum drying is the commonly 

employed technique [20-25]. Solvent blending process has found to significantly improve the 

nanofiller dispersion. Such nanocomposite has shown enhancement in mechanical properties, electrical 

conductivity, and gas barrier properties. Optical, thermal, and magnetic properties of solution 

processed polymer/graphene nanocomposite have also been enhanced [26-28]. Deeper understanding 

of fabrication methodologies and properties of these materials is essential to design high performance 

materials with desired properties. 

 
 

 

Fig. 3  Polymer/graphene nanocomposite from solution route. 

4. Electronic applications 

Nanocomposites have evolved significant relevance for electronic applications. Emerging curiosity in 

graphene has replaced the use of carbon nanotube in electronics. Consequently, design of advanced 

devices and systems using polymer/graphene nanocomposite has gained noteworthy research interest 

(Fig. 4). The utility of graphene-based nanocomposite in electronics is rather diverse depending upon 

the end use [29]. 
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Fig. 4 Polymer/graphene nanocomposite in electronic industry. 

Polymer/graphene nanocomposite have been developed using polymers such as polyethylene, 

polystyrene, polyamide, poly(methylmethacrylate), poly(vinyl alcohol), poly(vinyl chloride), etc. 

Percolation threshold and electrical conductivity are interconnected properties of prime interest in 

electronic applications. In these nanocomposites, non-linear enhancement in electrical conductivity vs. 

filler content has been observed. At certain critical concentration, percolation threshold may be 

achieved to form matrix-nanofiller network, so enhancing the electrical conductivity of nanocomposite. 

Usually, very low conducting nanoparticle content may develop effectual conducting paths. In several 

devices, graphene nanosheet has been used to replace silicon. Thus, polymer/graphene nanocomposite 

has been focused for resulting electronic applications in printable conductors, electroluminescent 

devices, batteries, memory devices, light emitting diodes (LED), and transistors [30, 31]. The potential 

electronic applications also include actuators, electrodes, and sensors (gas sensors, biosensors, 

chemical sensors)-based on polymer and graphene [32-38]. Mainly conjugated polymer/graphene 

nanocomposite has found success for sensor applications. Polymer/graphene has also been focused to 

construct large flexible panels in solar cells and also in fuel cell structure [39-45]. These hybrid 

materials has also shown fabrication possibilities for supercapacitors, optical displays, printing circuits, 

electrical devices, photo- and superconductor devices [46-50]. An essential use of polymer/graphene 

has also been observed in thermal management of electronics or electronic devices such as cell phones, 

laptops, LEDs, etc. In short, polymer/graphene nanocomposite has opened a new era of research and 

countless possibilities for electronic devices and systems and overall electronic industry. 
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5. Conclusions 

Polymers, owing to ease of processing, low-cost, light-weight, and structural, have been employed in 

technical devices. Graphene possess added advantage to improve the properties of advanced 

polymer/graphene nanocomposite. This review focused on polymer/graphene nanocomposites and 

their application in electronic industry. Essential features of graphene and graphene-based 

nanocomposite have gained considerable research attention to attain feasible performance in numerous 

devices. Better graphene dispersion and fabrication techniques are also focused to attain fine properties 

for electronic relevance such as electrical conductivity, thermal conductivity, and thermal and 

mechanical robustness. Future efforts on polymer/graphene nanocomposite may result in remarkable 

nanomaterials for miniaturization of high performance electronic devices and systems. 

Reference 

1. Das TK, Prusty S. Graphene-based polymer composites and their applications. Polymer-Plastics 
Technology and Engineering. 2013. 52:319-331 

2. Kausar A, Siddiq M. Conducting Polymer/Graphene Filler-based Hybrids: Energy and Electronic 
Applications. Editor: A. Méndez-Vilas & A. Solano-Martín Polymer Science: Research Advances, 
Practical Applications and Educational Aspects. Formatex Research Center. pp.177-187 

3. Ferrari AC, Meyer JC, Scardaci V, Casiraghi C, Lazzeri M, Mauri F, Piscanec S, Jiang D, 
Novoselov KS, Roth S, Geim AK. Raman spectrum of graphene and graphene layers. Phys Rev 
Lett. 2006. 97:187401 

4. Kausar A. Applications of polymer/graphene nanocomposite membranes: a review. Mater Res 
Innovat. 2018. 25:1-2 

5. Kausar A. Enhanced electrical and thermal conductivity of modified poly 
(acrylonitrile-co-butadiene)-based nanofluid containing functional carbon black-graphene oxide. 
Fuller Nanotub Carb Nanostruct. 2016. 24:278-285 

6. Kausar A. Composite coatings of polyamide/graphene: microstructure, mechanical, thermal, and 
barrier properties. Compos Interfac. 2018. 25:109-125 

7. Kausar A, Rafique I, Muhammad B. Aerospace application of polymer nanocomposite with 
carbon nanotube, graphite, graphene oxide, and nanoclay. Polym-Plast Technol Engineer. 
2017.56:1438-1456 

8. Kausar A. Review on Structure, Properties and Appliance of Essential Conjugated Polymers. Am 
J Polym Sci Engineer. 2016. 4:91-102 

9. Hu K, Kulkarni DD, Choi I, Tsukruk VV. Graphene-polymer nanocomposites for structural and 
functional applications. Prog Polym Sci. 2014. 39:1934-1972 

10. Zhu Y, Murali S, Cai W, Li X, Suk JW, Potts JR, Ruoff RS. Graphene and graphene oxide: 
synthesis, properties, and applications. Adv Mater. 2010. 22:3906-3624 

11. Geim AK. Graphene: status and prospects. Science. 2009. 324:1530-1534 
12. Nair RR, Blake P, Grigorenko AN, Novoselov KS, Booth TJ, Stauber T, Peres NM, Geim AK. 

Fine structure constant defines visual transparency of graphene. Science. 2008. 320:1308 
13. Stankovich S, Dikin DA, Dommett GH, Kohlhaas KM, Zimney EJ, Stach EA, Piner RD, Nguyen 

ST, Ruoff RS. Graphene-based composite materials. Nature. 2006. 442:282 



 

 

 
Ivy Union Publishing | http: //www.ivyunion.org October *, 2018 | Volume 6 | Issue 1  

Kausar A. American Journal of Nanoscience & Nanotechnology Research. 2018, 6:55-63 

   

Page 7 of 9 

14. Kausar A, Rafique I, Anwar Z, Muhammad B. Perspectives of epoxy/graphene oxide composite: 
Significant features and technical applications. Polym Plast Technol Engineer. 2016. 55:704-722 

15. Khan DM, Kausar A, Salman SM. Exploitation of nanobifiller in polymer/graphene oxide–carbon 
nanotube, polymer/graphene oxide–nanodiamond, and polymer/graphene oxide–montmorillonite 
composite: A review. Polym Plast Technol Engineer. 2016. 55:744-768 

16. Shah R, Kausar A, Muhammad B. Characterization and Properties of Poly (methyl 
methacrylate)/Graphene, Poly (methyl methacrylate)/Graphene oxide and Poly (methyl 
methacrylate)/p-Phenylenediamine-Graphene Oxide Nanocomposites.Polym Plast Technol 
Engineer. 2015. 54:1334-1342 

17. Naz A, Kausar A, Siddiq M, Choudhary MA. Comparative review on structure, properties, 
fabrication techniques, and relevance of polymer nanocomposites reinforced with carbon 
nanotube and graphite fillers. Polym Plast Technol Engineer. 2016. 55:171-198 

18. Kausar A. Thermal Conductivity Measurement of Polyvinylpyrrolidone/Polyethylene/Graphene 
Nanocomposite. Nanosci Nanotechnol. 2016. 6:34-37 

19. Khan ZU, Kausar A, Ullah H. A review on composite papers of graphene oxide, carbon nanotube, 
polymer/GO, and polymer/CNT: Processing strategies, properties, and relevance. Polym Plast 
Technol Engineer. 2016. 55:559-581 

20. Kausar A, Anwar Z, Khan LA, Muhammad B. Functional graphene nanoplatelet reinforced epoxy 
resin and polystyrene-based block copolymer nanocomposite. Fuller Nanotub Carb Nanostruct. 
2017. 25:47-57 

21. Kausar A. Novel water purification membranes of polystyrene/multi-walled carbon 
nanotube-grafted-graphene oxide hybrids. Am J Polym Sci. 2014. 4:63-72 

22. Anwar Z, Kausar A, Khan LA, Muhammad B. Modified graphene nanoplatelet and epoxy/block 
copolymer-based nanocomposite: physical characteristic and EMI shielding studies. 
Nanocomposites. 2016. 2:141-151 

23. Kausar A. Formation and properties of poly (vinyl butyral-co-vinyl alcohol-co-vinyl 
acetate)/polystyrene composites reinforced with graphene oxide-nanodiamond. Am J Polym Sci. 
2014. 4:54-62 

24. Khan DM, Kausar A, Salman SM. Buckypapers of polyvinyl chloride/poly (styrene-co-maleic 
anhydride) blend intercalated graphene oxide-carbon nanotube nanobifiller: Physical property 
exploration. Fuller Nanotub Carb Nanostruct. 2016. 24:202-212 

25. Kausar A. Synthesis and properties of novel polystyrene/polyurea and functional graphene-based 
nanocomposite foams. J Cell Plast. 2017. 53:305-318 

26. Ahmad N, Kausar A, Muhammad B. An investigation on 4-aminobenzoic acid modified polyvinyl 
chloride/graphene oxide and PVC/graphene oxide based nanocomposite membranes. J Plast Film 
Sheet. 2016. 32:419-448 

27. Shah R, Kausar A, Muhammad B, Khan M. Investigation on thermal conductivity and physical 
properties of polythiophene/p-phenylenediamine-graphene oxide and polythiophene-co-poly 
(methyl methacrylate)/p-phenylenediamine graphene oxide composites. Compos Interfac. 2016.  
23:887-899 

28. Kausar A, Siddiq M. Poly (ether–imide)/polyurethane foams reinforced with graphene 
nanoplatelet: Microstructure, thermal stability, and flame resistance. Int J Polym Anal  
Characterizat. 2016. 21:436-446 

29. Baughman RH, Zakhidov AA, De Heer WA. Carbon nanotubes--the route toward applications. 
Science. 2002. 297:787-792 



 

 

 
Ivy Union Publishing | http: //www.ivyunion.org October *, 2018 | Volume 6 | Issue 1  

Kausar A. American Journal of Nanoscience & Nanotechnology Research. 2018, 6:55-63 

   

Page 8 of 9 

30. Tyagi M, Tyagi D. Polymer Nanocomposites and their Applications in Electronics Industry. Int J 
Electron Electr Eng. 2014.7:603-630   

31. Sandler J, Kirk JE, Kinloch IA, Shaffer MS, Windle AH. Ultra-low electrical percolation 
threshold in carbon-nanotube-epoxy composites. Polymer. 2003. 44:5893-5899 

32. Kausar A. Pb (II) Selective Sensor of Poly (vinyl chloride-vinyl acetate)/Polyaniline/Carbon 
Black. Int J Instrumentat Sci. 2017.6:8-11 

33. Kausar A. Design of Polydimethylsiloxane/Nylon 6/Nanodiamond for Sensor Application. Int J 
Instrumentat Sci. 2016.5:15-18 

34. Kausar A. Polymer/Graphene Nanocomposite: Preparation to Application. Am J Polym Sci 
Engineer. 2017. 4:111-122 

35. Nasir A, Kausar A, Younus A. Polymer/graphite nanocomposites: Physical features, fabrication 
and current relevance.Polym PlastTechnol Engineer. 2015. 54:750-770 

36. Kausar A. Poly (vinylacetate) cyanomethylDiphenylcarbamodthioate/Poly (vinyl acetate)/Carbon 
Black Composite-based Sensor. Int J Instrumentat Sci. 2016.5:19-23 

37. Kausar A. Polymer/Silver Nanoparticle Nanocomposite as Antimicrobial Materials. Frontiers in 
Science. 2017.7:31-35 

38. Kausar A. Effect of HalloysiteNanoclay on Polymerization and Properties of Poly (3, 4-(2, 
2-dimethylpropylenedioxy)-thiophene-co-aniline). Am J Polym Sci. 2015. 5:30-34 

39. Hussain ST, Abbas F, Kausar A, Khan MR. New polyaniline/polypyrrole/polythiophene and 
functionalized multiwalled carbon nanotube-based nanocomposites: Layer-by-layer in situ 
polymerization. High Perform Polym. 2013. 25:70-78 

40. Kausar A. Proton exchange fuel cell membranes of poly (benzimidazole-amide)/sulfonated 
polystyrene/titania nanoparticles-grafted-multi-walled carbon nanotubes. J Plast Film Sheet. 
2015.31:27-44 

41. Kausar A, Hussain A, Khan MY, Siddiq M. Fuel cell membranes prepared from multi-walled 
carbon nanotubes and silica nanotubes-filled sulfonated polyamide/sulfonated polystyrene porous 
blend films. J Plast Film Sheet. 2014. 30:314-336 

42. Kausar A. Fuel cell membranes of phosphoric acid–doped poly 
(benzimidazole/ether/siloxane/amide)/sulfonated polystyrene/silica nanoparticle nanocomposites: 
A physical property study. J Thermoplast Compos Mater. 2016. 29:717-731 

43. Kausar A. Polycarbonate/Polypropylene-Graft-Maleic Anhydride and Nano-Zeolite-Based 
Nanocomposite Membrane: Mechanical and Gas Separation Performance. Adv Mater Sci. 2016. 
16:17-28 

44. Kausar A. Environmental Remediation Using Polystyrene/4-Aminophenyl Methyl Sulfone and 
Carbon Nanotube Nanocomposite. Physical Chemistry. 2017.7:27-30 

45. Kausar A. Design of poly (1-hexadecene-sulfone)/poly (1, 4-phenylene sulfide) membrane 
containing nano-zeolite and carbon nanotube for gas separation. Int J Plast Technol. 2017. 
21:96-107 

46. Kausar A, Anwar Z, Muhammad B. Overview of Nonflammability Characteristics of Graphene 
and Graphene Oxide-Based Polymeric Composite and Essential Flame Retardancy Techniques. 
Polym Plast Technol Engineer. 2017. 56:488-505 

47. Kausar A. Preparation and Characteristics of Mercaptobenzene Functionalized Graphite and 
Epoxy-based Hybrid Membranes. Am J Mater Sci. 2015. 5:17-21 

48. Meer S, Kausar A, Iqbal T. Trends in conducting polymer and hybrids of conducting 
polymer/carbon nanotube: a review. Polym Plast Technol Engineer. 2016. 55:1416-1440 



 

 

 
Ivy Union Publishing | http: //www.ivyunion.org October *, 2018 | Volume 6 | Issue 1  

Kausar A. American Journal of Nanoscience & Nanotechnology Research. 2018, 6:55-63 

   

Page 9 of 9 

49. Kausar A. A Study on Poly (vinyl alcohol-co-ethylene)-graft-Polystyrene Reinforced with Two 
Functional Nanofillers. Polym Plast Technol Engineer. 2015. 54:741-749 

50. Khan F, Kausar A, Siddiq M. A review on properties and fabrication techniques of 
polymer/carbon nanotube composites and polymer intercalated buckypapers. Polym PlastTechnol  
Engineer. 2015. 54:1524-1539 

 


	/
	American Journal of
	Nanoscience and Nanotechnology Research
	http://www.ivyunion.org/index.php/ajnnr
	1. Introduction
	2.  Graphene
	3. Polymer/graphene nanocomposite
	4. Electronic applications
	5. Conclusions
	Reference

