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Abstract— This paper highlights the development of 2D ultra thin Graphene Oxide nanocomposites reduced by relaxor 
piezoelectric PMN-PZT for biomedical smart (both sensing and actuating). The Graphene Oxide (GO) reduced by (PMN-
PZT: 0.5Pb(Mg1/3Nb2/3)O3-0.5Pb(Zr0.53Ti0.47)O 3 were synthesized and characterized for phase formation and microstructure, 
dielectric and piezoelectric studies. PMN-PZT was prepared by coloumbite precursor method while GO and FGO (i.e., 
PMN-PZT coated GO) nanocomposites were prepared by Hummer’s method. A pseudocubic phase was predominant in pure 
PMN-PZT. GO could enhance surfacial properties. In other words, on one hand GO enhances large surfacial contributions to 
the prototype due to its 2D flakes supporting to functionalized PMN-PZT particles. On the other hand, GO’s interaction with 
hosts’ β phase piezoelectric nature resulting in competitive piezoelectric properties. The piezoelectric charge coefficient d 33 
= 179x10-12C/N for pure PMN- PZT whereas FGO had shown 164 x10-12C/N were found in these nanocomposites, which 
are suitable for energy harvesting, sensors and actuator applications. 
 
Index Terms— Biomedical applications, Graphene Oxide, Relaxer PMN-PZT, Dielectric and Piezoelectric Properties. 
 
I. INTRODUCTION 
 
Pure Lead Magnesium Niobate (PMN: xPb 
(Mg1/3Nb2/3)O3-1-xPb(Zr0.53Ti0.47)O3) of perovskite 
family is a disordered ferroelectric relaxor with very 
low Curie temperature. However, the combination of 
ordered ferroelectric materials like Pb(Zr,Ti)O3 
modification of PMN shifts the Curie temperature and 
proves as an excellent piezoelectric material useful for 
several applications, energy harvesting, sensors and 
actuators [1]. Interesting functional characteristics 
have been found in modified PMN-PZT by Ag [2], 
PZT [3], BST [4] and PLZT [5]-[6] etc. Graphene 
Oxide has been widely used for its atomic/molecular 
structures and excellent electronic, electrical and 
mechanical properties that are useful for sensors and 
biomedical applications [7]- [10]. The ordered doping 
of Graphene Oxide (GO) atoms on the hexagonal 
lattice on clear graphene with strong chemical 
bonding will break the inversion symmetry therefore 
inducing piezoelectricity in GO. In this work, the GO 
integrated with 0.5Pb (Mg1/3Nb2/3)O3-
0.5Pb(Zr0.53Ti0.47)O3 were synthesized and 
characterized for phase formation and microstructure, 
dielectric and piezoelectric studies. A detailed 
discussion of results with respect to GO variation in 
0.5PMN-0.5PZT system is given in results and 
discussion section. 
This paper highlights the influence of ternary 
composite of relaxor PMN-PZT and GO in a single 
system and its impact on phase genesis, 

microstructural evolution, dielectric and piezoelectric 
properties were investigated. Our optimized 
composition [2] was selected for this study, which 
was further modified by Graphene Oxide to achieve 
2D Nanocomposites of Graphene Oxide reduced by 
piezoelectric PMN-PZT for sensors, actuators, energy 
harvesting and biomedical applications. We have 
presented our first results in brief in this conference. 
Extended studies of this system are under progress in 
order to explore and understand piezoelectric and 
other functional properties of ultra-thin 2D Graphene 
Oxide nanocomposites. 
 
II. EXPERIMENTAL  
 
2.1Synthesis of PMN-PZT:  
In brief, PMN -PZT was synthesized by using PbO, 
MgO, Nb2O5, ZrO2 and TiO2 through columbite 
precursor method, sintered the powders at 1225°C for 
3 h and the samples were cooled to the room 
temperature in the furnace to obtain PMN-PZT 
sintered powders. 
 
2.2 Synthesis of GO: 
Graphene Oxide by Hummer method: The graphite 
powder (18g) was mixed to concentrated H2SO4 
(480mL) and then KMnO4 (62g) was added slowly by 
magnetic stirring and cooling, so that the temperature 
of the mixture will not be lowered to 20°C. Then this 
mixture was stirred at 35°C for 2h, and then de-
ionized water (920mL) was added. After 1 h, the 
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reaction was terminated by the addition of a large 
amount of de-ionized water and 30% H2O2 solution 
(50mL), causing violent effervescence and an increase 
in temperature to 100°C, after which the color of the 
suspension changed to bright yellow. The suspension 
was washed with 1:10 HCl solution in order to 
remove metal ions by filter paper and funnel. The 
paste collected from the filter paper was dried at 
60°C, until it becomes agglomeration. The 
agglomeration was dispersed into de-ionized water in 
static state for 2-3 hours and slightly stirred by glass 
bar. Then the suspension was washed with much de-
ionized water until the pH is nearly 7. The paste 
collected on the filter paper was dispersed into water 
by ultrasonicated. The obtained brown dispersion was 
subjected to 30 min. of centrifugation at 4000 rpm to 
remove any unexfoliated GO using centrifuge with a 
rotor. The GO platelets were obtained by dehydration 
at 60°C in air. 
 
2.3 Synthesis of FGO (i.e., PMN-PZT coated GO): 
Functionalized GO with equi-proportions (i.e., FGO) 
were synthesized from the above Hummer’s method 
by dispersing (during the final step of Hummer’s 
method) initially prepared PMN-PZT sintered 
powder. GO and FGO (i.e., relaxor PMN-PZT coated 
GO) nanocomposites were prepared by Hummer’s 
method. 
 
2.4 Characterization of FGO nanocomposites: 
The phase formation in PMN-PZT, GO and FGO 
powders were studied with a Philips powder X-ray 
diffractometer (PW-1710) using CuKα radiation with 
a Ni filter at room temperature. The XRD patterns 
were recorded at a scan rate of 1°/min and 2θ = 20 to 
60°. The GO and FGO powders were characterized by 
Transmission Electron microscope to understand 
shape and size of ultra thin 2D graphene oxide sheets. 
The above synthesized PMN-PZT, GO and FGO 
powders were dispersed in equi-proportions of Poly 
Vinyl difluoride dissolved in DMF solvent to develop 
thin films and to characterize their electrical and 
piezoelectric properties. These films were electroded 
by air dry Ag paint to form electrodes on both sides of 
the films. The electroded specimens were 
characterized for their room temperature dielectric 
constant (εRT) using a 4192A HP Impedance 
Analyzer. DC field poled thin films were 
characterized for piezoelectric charge coefficient (d33) 
by using a Berlincourt piezo-d-meter. 
 
III.  RESULTS AND DISCUSSION 
 
Phase genesis by XRD and Microstructural studies 
of FGO: 
Fig. 1  represents  (a)  XRD  patterns  of  pure 
0.5Pb (Mg1/3Nb2/3)O3-0.5Pb(Zr0.53Ti0.47)O3 (PMN-
PZT), (b) Graphene Oxide (GO) and (c) Functional 
Graphene Oxide (FGO) nanocomposites. Pure PMN-
PZT: The cubic perovskite is reduced by the 

substitution of Pb and pseudocubic phase was 
predominant. XRD patterns of pure PMN-PZT and 
GO systems indicated that GO could be incorporated 
into the perovskite system enhancing surfacial 
properties. 
 

 
(a) 

 

 
(b) 

 

 
(c) 

Fig-1: Powder X- ray diffraction patterns of (a) PMN-PZT (b) 
Graphene Oxide and (c) FGO. 
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(b)  

Fig-2: TEM micrographs of (a) GO and (b) FGO 
 
Microstructure: 
TEM micrographs of GO and FGO have shown in 
Fig. 2a and b, respectively, ultra thin 2D nano-sheets 
of graphene oxide and its nanocomposites on which 
piezoelectric PMN-PZT particles are dispersed 
randomly. 
 
Electrical properties: 
The pseudocubic ternary relaxor PMN-PZT system 
had shown relatively higher room temperature 
dielectric constant (εRT) of 2745 at 1 kHz. The 
incorporation of GO-PMN-PZT in PVDF system 
resulted in enhanced dielectric constant of (εRT) of 
3174 at 1 kHz. The thin films of PMN-PZT integrated 
in GO dispersed in PVDF, in which PVDF shows β 
phase enriched with piezoelectric nature, which is an 
added advantage to PMN-PZT´s piezoelectric 
contribution. Accordingly, 2D ultra thin Graphene 
Oxide nanocomposites reduced by piezoelectric 
PMN-PZT had shown competitive piezoelectric 
nature and thus, piezoelectric energy conversion 
capability in these prototypes. In other words, on one 
hand GO enhances large surfacial contributions to the 
prototype due to its 2D flakes supporting to 
functionalized PMN-PZT particles. On the other 
hand, GO’s interaction with hosts’ β phase 
piezoelectric nature resulting in competitive 
piezoelectric properties. The piezoelectric charge 
coefficient d33 = 179x10-12C/N for pure PMN-PZT 
whereas FGO had shown 164x10-12C/N. The 

development of smart 2D nanocomposites of ultra 
thin Graphene Oxide reduced by piezoelectric PMN -
PZT could be potential candidate for sensors, 
actuators, energy harvesting and biomedical smart 
applications. 
 
CONCLUSIONS 
 
Pseudocubic piezoelectric relaxor PMN-PZT ternary 
system integrated on GO facilitated to form 2D ultra 
thin Graphene based nanocomposites for biomedical 
smart (both sensing and actuating) applications. 
Furthermore, β phase piezoelectric nature PVDF had 
contributed its piezoelectric nature to maintain 
competitive piezoelectric tendency in nanocomposites 
alongwith flexible nature in prototypes. These flexible 
prototypes promising candidates for miniaturized next 
generation sensors, actuators, energy harvesting and 
biomedical smart applications. 
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