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The samples of harvester composites have been prepared in the following way. 

Lead(II)acetate trihydrate Pb(CH3COO)2·3H2O, dissolved in a heated acetic acid CH3COOH, 

was stirred at 50ºC for 1 h. Zirconium(IV)propoxide Zr(CH3CH2CH2O)4 and titanium(IV) 

propoxide Ti(CH3CH2CH2O)4 were dissolved in n-propoxide CH3(CH2)OH and stirred at 300 K 

for 1 h. After being mixed, the solutions were stirred at 50ºC for 1 h. After that, acetylacetone 

C5H8O2 was added as a stabilizer. A yellow sol was obtained after water hydrolysis. The liquid 

sol was gelated, and the gel was subsequently dried in the air. The resulting powder was 

calcinated at 650ºC for 4 h to burn out the organics. As the obtained powder is amorphous, it 

must be crystallized in order to become piezoelectric. To this end, after pre-sintering the samples 

were heat treated at ~1000ºC. The x-ray diffraction curve of the crystallized powder is shown in 

Fig. 1. 

 

 

Fig. 1. X-ray diffraction pattern of the PZT sintered sol (annealing temperature 1000ºC). 
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The powder did not show any sign of agglomeration and the particle size was less than 

1 μm, as revealed by scanning electron microscopy observation. 

Piezo-composites are classified according to their connectivity (such as 2-2, 1-3, 0-3 etc.). 

Connectivity is defined as the number of dimensions through which the material is continuous. It 

is conventional for the first digit to refer to the piezoelectrically active phase. [1] In composites 

of 0–3 connectivity, a three-dimensionally connected polymer phase is loaded with isolated 

ceramic particles. [2] To avoid the interconnectivity of the ceramic grains in our 0-3 composite, a 

low fraction (~0.1) of lead zirconate titanate (PZT) ceramic powder was dispersed in a 

commercial (Aldrich) poly(vinyl chloride) (PVC) matrix. The samples of PZT-PVC composites 

were prepared by hot-pressing technique or by spinning the solution onto Pt-coated substrate.  

After the preparation, the samples were examined using piezoresponse force microscopy 

(PFM). [3] Fig. 2 shows a piezoresponse image of the virgin film and that after poling of the 

square pattern by the PFM tip. It is seen that, whereas no contrast exists in the virgin films, they 

still can be poled by the high electric field of the AFM. It is thus proven that the obtained 

composite films can be used for piezoelectric harvesting applications. 

 

    

Fig. 2. Piezoresponse images of the composite films in the virgin state and after poling by PFM 

tip. 
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