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MgO nanofillers were pre-annealed at temperatures of 200

o
C (AN200), 300

o
C (AN300)

 

and 400
o
C (AN400) prior to utilization. Resistivity values, ρ showed significant increment 

to 8% for AN200 (13.3×10
7
Ω.cm). With increasing annealing temperatures of MgO, ρ 

gradually decreased to 10.3×10
7
Ω.cm and 8.5×10

7
Ω.cm for AN300 and AN400 

respectively. FTIR spectra for AN200 showed sharp peak at 1180 cm
-1 

representing β-

crystal in PVDF. AN300 and AN400 showed shift from β- to γ-crystal at peak 1198 cm
-1 

for PVDF. XRD pattern for AN200 showed an improved in intensity for β-crystal PVDF 

at 2θ=20.04°. Further increment to 300
o
C

 
and 400

o
C, presence of γ-PVDF at 2θ=20.26

o
 

was evident. This suggests that 200°C is the optimized annealing temperature for MgO 

nanofillers.  
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1. Introduction 
 

PVDF is a semycrystalline polymer with complex polymorphism comprising at least four 

crystalline phases of α-, β-, δ-, and γ-phases . Amongst these phases, β-crystal of PVDF is the most 

desirable crystal structure due to its considerable polarization of 22 μC/cm
2
 and its large dipole 

moment (7 x 1030 C.m) , making PVDF a suitable material for storing charges. Previous study 

reported that preparation of PVDF films via solution casting method will result in combination of 

polar (β- and γ-) and non-polar (α- and δ-) phases of PVDF crystal . However, the β-PVDF can 

further be improved via annealing treatment, addition / incorpoation of micro- and nano-fillers, 

and by dissolving in polar solvents.  In addition, polymer composites composed of a polymeric 

materials embeded with nano- or micro-fillers are widely used in applications of capacitors, 

biosensors, thermal sensors and tunable actuators . The study on the incorporation of nano-fillers 

into polymeric materials are still being investigated as these nanocomposites material has 

improved chemical and physical properties. They also have excellent resistance towards solvents 

as well as improved in thermal resistance, with enhance electrical properties. Due to its nano-sizes, 

these nano-fillers have relatively large surface area per unit weight.  

Semiconductor oxide fillers such as titanium dioxide, zirconium oxide and zinc oxide  

incorporated in PVDF are typical nano-fillers used in enhancing the electrical properties of PVDF . 

The oxide material, currently being investigated for its effect in PVDF is Magnesium Oxide 

(MgO) . MgO is an insulating filler with cubic structure, and chemical inert, electrical insulative, 

and high temperature stability; as well as high thermal conductivity. MgO have high dielectric 

constant of 9.6 at 1kHz, with wide band gap (7.8eV) and high breakdown field of 12MV/cm; 

making MgO a promising material to be used as a dielectric layer .  

                                                 
*
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Annealing is a common heat treatment process for fillers for modifying its crystal structure 

and surface property. Post annealing process for composites materials  is typically used for matrix 

and fillers that can withstand high annealing temperatures (300-500C) . For polymer matrix such 

as PVDF incorporated with oxide filler, high annealing temperature can cause degradation of the 

polymer composite. Therefore, in most study, the oxide fillers are preannealed before inclusion in 

the polymer matrix . Hence, pre-annealed MgO nanofillers was utilized in this study prior to 

inclusion in PVDF. The pre annealing temperatures was set in the range of  200°C to 400°C. The 

PVDF/MgO  was investigated for their structural and electrical properties. 

 

 
2. Experimental 
 

PVDF powder and MgO nanofillers with particle size <50nm were used as purchased. The 

MgO fillers were dispersed in PVDF solution, dissolved in N, N-dimethylformamide (DMF, 

Systerm).   

The unfilled PVDF films, 1μm thick were prepared by solution casting. The PVDF (0.6g) 

was first dissolved in 20mL of DMF solvent and stirred constantly for 48h at ambient temperature. 

Upon complete dissolution, the unfilled PVDF solution was poured into a glass petri dish. The 

crystallization process was initiated with further annealing at 100°C for 1 h. In previous study, it is 

established that PVDF with 7 wt.% enhanced electrical properties with improved polar crystals . 

Hence, MgO nanofillers of 7 wt.% loading was used and pre-annealed to 200°C (AN200), 300°C 

(AN300) and 400°C (AN400) prior to incorporation in PVDF. The film sample is denoted in  

Table 1. 

 
Table 1. Films denotations for PVDF, UN, AN200, AN300 and AN400 

 

Films Denotations Descriptions 

Unfilled PVDF PVDF Neat PVDF 

Un-annealed PVDF/MgO UN 
MgO nanofillers pre-annealed at 

400°C for 1 hour 

Annealed PVDF/MgO at 200°C AN200 
MgO nanofillers pre-annealed at 

200°C for 1 hour 

Annealed PVDF/MgO at 300°C AN300 
MgO nanofillers pre-annealed at 

300°C for 1 hour 

Annealed PVDF/MgO at 400°C AN400 
MgO nanofillers pre-annealed at 

400°C for 1 hour 

 

 
Fourier transform infrared spectrometer (Perkin Almer) in ATR mode and X-ray 

diffractometer (Malvern Panalytical's) were used to determine the functional groups and 

crystallization behavior of the polymer composites film. The electrical properties of PVDF and 

PVDF/MgO films were measured using dielectric spectroscopy (Hioki) and the resistivity values 

were re-plotted using OriginLab software.  

 

 
3. Results and discussion 
 

The crystalline phase of PVDF and PVDF/MgO films were characterized by FTIR (Fig. 1) 

and XRD (Fig. 2). From Fig. 1, PVDF shows crystalline phases of α-, β-, and γ-crystals that 

coexist in PVDF with presence of absorption peaks; 1403 cm
-1

, 1070 cm
-1

 and 840 cm
-1

. A 

formation of sharp adsorption peak at 1180cm
-1

 can be observed for AN200 film, indicating 

stretching of -CH2 bond of β-phase PVDF, which aid in improving the polar properties of PVDF. 
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However, the emergence of α-phase at absorption band of 765 cm
-1

 and 976 cm
-1

 can be observed 

for respective AN300 and AN400 films. AN300 also shows a shifting at absorption peak of 1180 

cm
-1 

from β-phase to γ-phase (1198cm
-1

).   
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Fig. 1. ATR-FTIR spectra for (ⅰ) PVDF, (ⅱ) UN, (ⅲ) AN200, (ⅳ) AN300 and (v) AN400  

of PVDF/MgO films 

 

 

The findings were further analyzed using the XRD pattern shown in Fig. 2. It can be 

observed that XRD pattern for PVDF and UN films have low and broad intensity peaks as 

compared to MgO crystal. From 2θ range of 10° to 30°, unfilled PVDF and PVDF/MgO films 

showed polymorphism, indicating the presence of both polar and non-polar crystal phase of PVDF. 

Diffraction peak at 2θ = 18.6°, assigned to (100) crystal planes of α-phase, a non-polar phase of 

PVDF. Meanwhile, the β- and γ-phase (polar)  are observed at the superposition point of the peaks 

located at 20.4° and 22.5°, associated to (110) and (200) crystal planes. 
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Fig. 2. XRD pattern for PVDF and pre-annealed PVDF/MgO films for UN, AN200, AN300 and  

AN400, and inset shows XRD pattern for PVDF and UN films with 2θ from 10° to 30°. 

 

 
Sharp diffraction peak at (111), (200), (222) and (220) plane for MgO were observed at 2θ 

= 38°, 45°, and 65°. From these peaks, (200) plane showed the highest intensity value for AN200 

and AN300 films. Reduction in intensities at these planes can be observed for AN400 films, 

indicating either a change in MgO crystal phase which may be finer in crystals structure caused by 

high annealing temperature (400°C). From the JCPDS data (JCPDS file: 45-0946), MgO 

nanofillers annealed at 200°C (AN200) may produce cubic structure while AN300 and AN400 

produced hexagonal structure. However, for low energy loss, cubic structure crystals are preferable 

for their electrical properties [16]. 
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Fig. 3 shows the resistivity value, (ρ) of Unfilled PVDF, UN, AN200, AN300 and AN400 

films. The ρ were observed to increase from 0.9 × 107 Ω.cm to 13.3 × 107 Ω.cm for UN and 

AN200. Nevertheless, upon increasing the annealing temperatures of MgO nanofillers, the ρ for 

AN300 and AN400 films decreased to 10.3 × 107 Ω.cm and 8.5 × 107 Ω.cm, respectively. This 

reduction of ρ was expected due to occurrence of non-polar phases as evident in FTIR spectra and 

XRD pattern. Thus, 200°C suggests the optimum annealing temperature for MgO nanofillers.  
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Fig. 3. Resistivity value (ρ) for PVDF, UN, AN200, AN300 and AN400 films. 

 

 
4. Conclusions 
 

PVDF and PVDF/MgO composite film using pre-annealed MgO nanofillers (200°C, 

300°C, and 400°C) were investigated. The annealing temperature at 200°C was proposed to be the 

optimum annealing temperature for MgO nanofillers. The results showed enhancement of 

resistivity value from 1.1 × 10
7
 .cm (UN) to 13.3 × 10

7
 .cm for AN200 film. These findings 

were supported by FTIR spectra, which showed sharp absorption bands of β-phase crystal in 

AN200 films at wavenumber of 840 cm
-1

, 1070 cm
-1

 and 1180 cm
-1

. The XRD pattern also 

indicates high β-crystal of PVDF for AN200 film at 20.4°. Enhanced in resistivity value and polar 

crystals of AN200 film suggests that PVDF/MgO annealed at 200°C is a suitable film used for 

electronic based devices. 
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