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Abstract: Introducing electrical conductive function to discharge local piezoelectric effect 

is found effective for improving airborne sound absorption performance. In this work, instead 

of conductive fillers, a composite with two piezoelectric materials with opposite piezoelectric 

responses was explored aiming at enhanced sound absorption effect. Open-cell 

poly(vinylidene fluoride)(K0.5Na0.5)NbO3 (PVDF/KNN) nanofiber composite foams were 

proposed and investigated for airborne sound absorption purpose. Structural and thermal 

analyses showed that the KNN nanofibers were well dispersed in the PVDF matrix and 

enhanced the degree of crystallinity of polar phase of PVDF. Significantly enhanced airborne 

sound absorption over a broad frequency range was observed in the PVDF/KNN-nanofiber 
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composite foams, with increasing KNN nanofibers.  One possible mechanism for the 

improved sound absorption with the piezoelectric KNN nanofibers with positive 

piezoelectric coefficient added in the PVDF matrix with negative piezoelectric coefficient is 

that electrical discharge could be facilitated for energy dissipation with the opposite charges 

generated through the piezoelectric effects in the two phases with opposite polarity. The 

experimental results show that the open-cell PVDF/KNN-nanofiber composite foams are 

promising for broadband airborne sound absorption application, and our analysis shed a light 

on the strategy in designing piezoelectric composite foam with high sound absorption 

performance. 

1. Introduction 

Noise pollution nowadays is an environmental issue that significantly affects the quality of 

life, especially for people living in high-density urban areas.1 From construction to land and 

air traffic, various noise in cities creates an unpleasant and harmful working and living 

environment. Noise mitigation techniques can be categorized into three main groups: (1) 

passive, (2) active, and (3) hybrid.2-4  

Noise reduction in urban area has been an outstanding engineering challenge for many years 

with the increasing industrialization creating sources of noise which adversely affect living 

quality and health of people.1, 2 The most common method of reducing environmental noise 

hazard has been the implementation of porous structures to absorb air-borne noise.3, 4 Porous 

materials attenuate noise mainly by transforming the mechanical acoustical energy to heat.5 

Polymeric porous materials have been dominating for acoustic absorption in the construction 
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and automotive industries because of their strong viscoelastic response, low cost, simple 

processing, and easy implementation.6-8  

The passive approach is the most and extensively used method effective in high frequency, 

absorbing noise effectively by converting the acoustical energy into heat, in which the 

working mechanisms include viscous, thermal, and material damping effects.5-9 The viscous 

effect is realized through the high friction at the interface between the fluid and the solid; the 

thermal effect is due to the forced heat conduction by the rarefaction and densification of the 

fluid under acoustic pressure; while the material damping introduces another form of 

mechanical energy dissipation when the sound wave strikes on the solid frame.10-13 

Active noise control approach reduces the noise by superimposing an antiphase signal of the 

same frequency through an electronic control circuit, which is more effective in low 

frequency range.3 Although some passive systems with inner resonators could also be tailored 

for lower frequency noise mitigation,14 it is often only effective in a relatively narrow 

frequency range. Hybrid noise control combines both active and passive noise controls to 

achieve a broadband absorption performance, with more complex design and energy 

consuming control. 

In noise mitigation application, piezoelectric materials are typically used as sensors or 

actuators elements in the active noise or structural vibration control technique,15,16 and shunt 

damping circuits in hybrid method.17,18 For improving passive airborne sound absorption, a 

concept of hybrid local piezoelectric and electrically conductive functions has recently been 

proposed, where a composite foam comprising porous polymer matrix (such as 
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poly(vinylidene fluoride) (PVDF)) and conductive filler (such as carbon nanotubes (CNTs)) 

was used.19- 21, 28 The enhanced airborne sound absorption performance is attributed to the 

synergized effect of mechanical to electrical energy conversion through local piezoelectric 

effect of the polymer matrix foam and charge dissipation into heat through the conductive 

fillers. The optimal sound absorption performance is obtained in the composite foams with 

conductive percolation threshold for achieving impedance matching condition for 

maximizing characteristic piezoelectric damping. 

Here instead of conductive fillers, potassium sodium niobate (KNN) nanofibers with 

significantly larger piezoelectric coefficient were selected as the filler to be introduced to the 

porous PVDF matrix. KNN is known as one of the most competitive lead-free piezoelectric 

ceramic materials,23, 24 and high piezoelectric coefficient of d33(eff), up to 98 pm V-1  is 

obtained for KNN nanofibers.23 In contrast, PVDF has a negative piezoelectric coefficient 

d33.25  It is very interesting to investigate how the KNN fillers with much stronger and 

opposite local piezoelectric effect affect the airborne sound absorption behaviors in the 

PVDF/KNN-nanofiber composite foams. 

2. Experimental 

Materials  

The materials and chemicals used in this work were poly(vinylidene fluoride) (PVDF) 

polymer with MW ~534,000 (Sigma Aldrich); N,N-dimethylformamide (DMF) (Merck);  

acetone (Merck); sugar; 2-methoxyethanol (2-MOE) (anhydrous, 99.8%) as the solvent in a 

dry nitrogen atmosphere;  potassium acetate (CH3OOK, A.C.S. reagent, 99+%); sodium 
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acetate (CH3COONa, reagent, 99+%); niobium ethoxide [(CH3CH2O)5Nb, anhydrous, 

99.95%] and polyvinylpyrrolidone (PVP) powders (PVP360k). 

Preparation of open-cell PVDF/KNN-nanofiber composite foams 

a. Preparation of Potassium Sodium Niobate (KNN)-nanofibers  

The precursor of K0.5Na0.5NbO3 (KNN) was prepared with 2-methoxyethanol (2-MOE) 

(anhydrous, 99.8%) as the solvent in a dry nitrogen atmosphere. Potassium acetate 

(CH3OOK, A.C.S. reagent, 99+%), sodium acetate (CH3COONa, reagent, 99+%), and 

niobium ethoxide [(CH3CH2O)5Nb, anhydrous, 99.95%] were used as the starting chemicals. 

The solution was diluted with 2-MOE to obtain a concentration of 0.5 M, and then 

polyvinylpyrrolidone (PVP) powders (PVP360k) were added into the solution. The mole 

ratio of PVP to KNN was fixed at 1:1 (monomer: KNN). The KNN solution was loaded in a 

3-mL plastic syringe capped with a 21-gauge stainless steel needle (inner diameter = 0.82 

mm). A high voltage of 15 kV was applied to the needle through a DC power supply (Gamma 

High Voltage, AU-30P1-L220V, Japan). The solution was injected from the needle at a 

constant rate of 0.5 mL/h with a syringe pump (SP100IZ Syringe Pump, 789100W, U.S.A). 

A rotating cylinder (with a rotating speed of 1500 rpm) made of a metallic plate covered with 

an Al foil was grounded and used as the nanofiber collector substrate for obtaining the aligned 

nanofibers web. The obtained nanofibers were dried at 150 °C for 3 min, followed by 

prepyrolysis at 350 °C for 3 min, post-pyrolysis at 450 °C for 5 min, and final annealing in 

the furnace at 600 °C for 10 min with a heating rate of 8 ℃/min. 

b. Preparation of PVDF Solution  
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PVDF solutions were prepared by dissolving the PVDF polymer powder in mixed organic 

solvent of DMF and acetone (50:50 in volume). 

c.  Preparation of Open-cell PVDF/KNN-nanofiber Composite Foams 

Open-cell PVDF foams were prepared by a sugar template method. KNN-nanofibers (with 

concentrations of 0 wt.%, 3 wt.%, and 5 wt.%) were dispersed in mixed DMF and acetone 

solvent and sonicated in ultrasonic bath. After that, both PVDF and KNN-nanofiber solutions 

were mixed, sonicated, and heated at 50 ºC to obtain a homogeneous precursor solution. The 

foams were prepared by mixing the PVDF/KNN-nanofiber solutions with commercially 

available sugar to form a mixture dough. The mixture was formed using homemade molds 

which had a suitable geometrical shape and immediately dried in an oven at 100 °C to remove 

excess solvents and ensure complete drying. Then the samples were removed from the mold 

and leached (rinsed) in repeating cycles of hot water immersion to remove the sugar and 

obtain the foam with porous structure. The foam samples were then dried at 100 °C for 12 

hours in an oven.  

A processing flow chart for preparing PVDF/KNN-nanofiber composite foams is 

summarized in Figure 1. 

All open-cell PVDF/KNN-nanofiber composite foams with similarity in their porous 

morphology were fabricated under the same conditions using the sugar template method with 

the mass ratio of PVDF : sugar = 1 : 9. 

 

Characterization and Instrument 
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The crystalline phases of the PVDF and PVDF/KNN-nanofiber foams were analyzed with 

Fourier transform infrared spectroscopy (FTIR Spectroscopy Spectrum 2000; Perkin Elmer), 

with scan recorded over a range of 1600–600 cm-1 at 4 cm-1 resolution. The crystalline 

structure analysis was performed at room temperature using an x-ray diffraction system 

(Bruker 2D Micro XRD Cu K(alpha) system D8-ADVANCE, Bruker AXS GmbH, 

Karlsruhe, Germany). The morphology of PVDF foam was examined with a scanning 

electron microscope (SEM 6360LA, JEOL). The samples’ porosity was calculated using 

ethanol saturation method. The electrical properties of the samples were measured with an 

impedance analyzer (Agilent 4294 A). The standard acoustic impedance tube (4206 A, Bruel 

& Kjaer) was used to measure the sound absorption coefficients of all the porous materials. 

This test was done according to ASTM E1050-98 standard test method for the absorption of 

acoustic materials. Thermal studies of PVDF and its composite foams were performed by 

differential scanning calorimetry (DSC, Mettler Toledo) under dry N2 environment. 

 

3. Results and Discussion 

Crystal Phases 

Figure 2(a) shows the X-ray diffraction (XRD) patterns of the KNN-nanofibers, and the open-

cell PVDF composite foams with different concentrations of KNN-nanofiber filler (0, 3, and 5 

wt.%). The XRD pattern of KNN-nanofibers shows sharp crystalline peaks at 2θ = 22.2°, 31.6°, 

45.2°, 45.8°, 51.1° and 56.4° due to the characteristic planes (100), (110), (111), (200), (120) 

and (121), respectively, indicating the KNN-nanofibers possesses a perovskite crystal structure 

(ABO3) according to the crystallographic indexing.26, 27 For all of the open-cell PVDF/KNN-
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nanofiber composite foams, the peak at 18.3° is attributed to a reflection plane (100) of the non-

polar α phase, whereas the peak at 2θ = 20.1° is assigned to the (110)/(200) reflection plane of β 

phase. The diffraction intensity of the crystalline peaks at 20.1° increases with adding more 

KNN-nanofibers, in addition to the presence of the diffraction peak at 2θ = 35°, corresponding 

to the (020)/(101) reflection of β phase, which indicates that KNN-nanofiber promotes the 

formation of polar β phase and the overall crystallinity of the open-cell PVDF matrix. 

The average crystal size of the polar β PVDF can be calculated using Scherrer’s equation: 𝑫 =

𝑲× 𝝀

𝑩×𝒄𝒐𝒔 𝜽
, where D is the crystallite size, λ is the wavelength of X-ray radiation (0.15406 nm), B is 

the full width at half maximum (FWHM) of the most intense diffraction peak, θ is the angle of 

diffraction, K is a constant (having the value 0.89).28 β-phase crystallite size of pure open-cell 

PVDF foam is about 5.1 nm, and crystallite size of composite foams of 3 wt.% and 5 wt.% KNN-

nanofiber concentrations are about 5.8 nm and 6.8 nm, respectively. These results indicate that 

the introduction of KNN-nanofibers can increase the polar β-phase crystallite size of the PVDF 

polymer matrix. 

Figure 2(b) shows the attenuated total reflection–Fourier transform infrared (ATR-FTIR) spectra 

for the obtained PVDF foams with different concentrations of KNN-nanofibers (0, 3, and 5 

wt.%). The characteristic vibration bands designated to the polar β phase are at 840 cm-1 (CH2 

rocking and CF2 asymmetrical stretching), 1288 cm-1 (C-F stretching vibration), and 1400 cm-1 

(CH2 wagging vibration), while the characteristic bands associated with the non-polar α phase 

are at 766 cm-1 (CH2 in-plane or rocking) and 976 cm-1 (CH2 twisting).29 As shown in Figure 

1(b), both β and α phases co-exist in the open-cell PVDF and its composite foams, whereas it is 
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clear that β phase is significantly enhanced in PVDF/KNN-nanofiber foams comprising 3 to 5 

wt.% KNN-nanofibers, and the amount of β phase increases with the KNN-nanofibers.  

Morphology  

Figures 3 (a, b, and c) present the morphology and the pore size distribution histograms of 

the PVDF/KNN-nanofiber composite foams with different content of KNN-nanofibers. The 

SEM micrographs and pore size distribution histograms reveal that all the foams are highly 

porous with open-cell configuration, with pore size varying between 200 and 500 µm. The 

incorporation of KNN-nanofibers does not significantly affect the morphology and pore size 

of the PVDF foams. The porosity of the PVDF/KNN-nanofiber composite foams was 

determined using solvent saturation method.30 In this approach, a dry foam was immersed in 

an ethanol solvent, and the change in the original weight was observed until a constant weight 

is reached. Then the porosity was calculated using Equation (1): 30 

∅(%) = (
(𝒎𝒔𝒂𝒕 − 𝒎𝒅)/𝝆𝒔𝒐𝒍𝒗𝒆𝒏𝒕 

𝑽𝒂
)                                                                                                              (𝟏) 

where msat is the weight of the sample saturated with solvent, md is the dry weight, ρsolvent is 

the density of solvent, and Va is the apparent volume. The porosity was adjusted by 

controlling the mass ratio of PVDF and sugar to be approximately 90 % for all the prepared 

foams. 

Thermal Analysis 

Differential scanning calorimetry (DSC) measurements were conducted to investigate the 

structure and properties of PVDF/KNN-nanofiber composite foams. Figure 4(a) shows DSC 
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curves during heating of PVDF/KNN-nanofiber composites. Endothermal peak at 158 °C is 

observed for PVDF foams, attributed to the melting temperature (Tm) of the crystalline phase. 

The melting temperature Tm of PVDF/KNN-nanofiber composite foam is continuously 

shifted from 158 °C for the pure PVDF foam to approximately 174 °C with 5 wt.% KNN-

nanofibers. This shift in melting temperature is possibly because the incorporation of KNN 

nanofibers in the PVDF matrix leads to the enhanced crystallinity as found form the XRD 

and FTIR results.31 Moreover, Figure 4(b) presents DSC cooling curves for PVDF/KNN-

nanofiber composites with different amount of KNN-nanofibers. For the pure PVDF foam, 

an exothermal peak is observed around 128 °C, correlated to crystallization temperature (Tcr). 

The crystallization temperature increases with increasing KNN-nanofibers or crystallization 

occurs earlier during cooling of the melt with KNN-nanofibers. The effect of the added KNN-

nanofibers on the shift of the peaks in heating and cooling curves and the intensity increase 

of the peaks indicate that the KNN-nanofibers are well dispersed in the composites and 

promote the crystalline structure, which is in a good agreement with the FTIR and XRD 

results. 

Sound-absorption Properties 

The sound absorption coefficient for the open-cell PVDF/KNN-nanofiber composite foams 

with different KNN-nanofiber concentrations with a thickness of 20 mm was measured using 

the standard acoustic impedance tube.  It is important to note that the measurement accuracy 

in the acoustic tube depends on the diameter of the acoustic tube and the spacing between the 

microphone positions, which is important to ensure only have plane waves in the acoustic 

tube. Thus, the accurate results are those only between 500 – 6400 Hz for our selected 
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acoustic tube. The sound absorption coefficient shows a significant increase in a broad 

frequency range of 500-6400 Hz with the introduction of the increasing KNN-nanofibers, as 

shown in Figure 5, while the porous morphology is maintained substantially with adding 

KNN-nanofibers as in Figure 3. It is further noted that the sound absorption coefficient of the 

open-cell PVDF/KNN-nanofiber composite of 5 wt.% concentration is the highest among all 

the PVDF composite foams with 0, 3, and 5 wt.% KNN-nanofibers. The zoom-in plots in 

low-frequency range of 500 – 2500 Hz, clearly shows that the KNN-nanofibers in the open-

cell PVDF/KNN-nanofiber composite foams also enhance the sound absorption in the 

relatively frequency range, which is highly beneficial as it is commonly challenging to 

effectively absorb low frequency airborne sound using the passive technique. 

A small mechanical resonance peak is noted at 860 Hz for the foam with 3 wt.% KNN-

nanofibers. Smaller resonance peak around this frequency is only noted in the sample with 

the second largest sound absorption coefficient but not significant in other compositions. Our 

analysis shows that this small peak is related to longitudinal mechanical resonance of the 

skeleton, with the frequency of 870 Hz for the foam with 3 wt.% KNN-nanofibers as 

estimated according to Equation (2):32 

𝒇𝒔 =
𝟏

𝟒𝒆
√𝑬((𝟏 − 𝝂)/(𝟏 + 𝝂)(𝟏 − 𝟐𝝂))/𝝆𝒔                                                                                              (𝟐) 

where fs is the skeleton resonance frequency, e is the thickness, E is the modulus of elasticity, 

ν is the Poisson's ratio of skeleton, and ρs is the density of the solid material. The reason why 

this small resonance peak only appears in the foam of 3 wt.% KNN-nanofibers is not clear 

yet, and further theoretical investigations are needed. 



Published in Journal of Applied Polymer Science, 49022, pp. 1-10. 
https://doi.org/10.1002/app.49022, online on 27 Jan 2020; Vol. 137, No. 35,   2020. 
 

12 
 

We further calculated the noise reduction coefficient (NRC) to figure out the quantitative 

relationship between sound absorption performance and KNN-nanofiber concentration. The 

noise reduction coefficient is an average rating of how much a sound absorber can absorb in 

250, 500, 1000, and 2000 Hz, which is calculated using Equation (3):5 

𝑵𝑹𝑪 =
𝜶𝟐𝟓𝟎 + 𝜶𝟓𝟎𝟎 + 𝜶𝟏𝟎𝟎𝟎 + 𝜶𝟐𝟎𝟎𝟎

𝟒
                                                                                             (𝟑) 

As shown in Table 1, increasing the concentration of KNN-nanofibers until 5 wt.% 

significantly enhances NRC. However, further increasing KNN-nanofibers beyond 5 wt.% 

substantially affected the mechanical strength negatively, which makes the samples are 

fragile and not suitable for acoustic measurements and application. 

TABLE 1. Noise reduction coefficient (NRC) of the open-cell PVDF/KNN-nanofiber 

composite foams with different KNN-nanofiber concentration. 

KNN-nanofibers (wt.%) 0  3 5 

NRC 0.25 0.30 0.37 

 

Mechanical damping factor (tan δ) is an important mechanical parameter affecting air-borne 

sound absorbing properties. To assess its effect, the mechanical damping factor of open-cell 

PVDF/KNN nanofiber composite foams was evaluated using dynamic mechanical analysis 

(DMA). The damping factor measurements of the prepared composite foams are shown in 

Figure 6, where damping factor increases with the addition of KNN nanofibers even at 

frequency of below 200 Hz, which was the highest measurement frequency limited by the 

equipment. 
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Electrical Properties 

The dielectric constant of the PVDF/KNN-nanofiber composite foams was measured, as 

shown in Figure 7. It can be observed that the dielectric constant of the PVDF/KNN-

nanofiber composite foams increases as the KNN-nanofiber weight percentage increases, as 

KNN ceramic has much high dielectric constant than the PVDF matrix. The dielectric 

constant of the PVDF/KNN-nanofiber composite foam with 5wt.% KNN-nanofiber loading 

is as high as 10 at 1 kHz, which is about four times higher than that of pure PVDF foam. 

With the high porosity, it is difficult to pole the composite foams and test their macro-scale 

piezoelectric properties. Here the piezoelectric properties of KNN-nanofibers were 

investigated before mixing with PVDF. The macroscopic piezoelectric properties of KNN-

nanofibers were evaluated using a laser scanning vibrometer (LSV), which is an efficient 

approach in determining the piezoelectric longitudinal strain coefficient.33 During the 

measurement, a unipolar ac signal of 10 V in amplitude at 1 kHz was applied to the KNN  

nanofiber web with top Au electrode and bottom Al electrode. Figure 8 presents a three-

dimensional vibration data of the nanofiber film under the electric driving. The central 

protruding portion is the electrically excited area under the top electrode, and the surrounding 

flat region is the KNN-nanofiber film not covered by the top electrode. As the displacement 

profile of the top electrode area is not flat, the average displacement values were used in 

determining the dilation or strain of the KNN-nanofiber film. The effective piezoelectric 

strain coefficient (d33(eff)) of the nanofiber film is determined to be 80 pm V−1, which is much 

larger than that of PVDF, usually ~ -30 pm/V-1.34 
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Theoretical Model 

To investigate the correlation between local piezoelectric effect and airborne sound 

absorption process, a physical model on the PVDF/KNN-nanofiber composite foam and its 

airborne sound absorption mechanisms are schematically illustrated in Figure 9. 

As schematically illustrated in Figure 9(a), PVDF/KNN-nanofiber composite has an open-

cell porous structure. Based on our XRD and FTIR results, KNN-nanofibers enhance 

formation of the polar β phase with local piezoelectric effect. The addition of KNN-

nanofibers would increase the dipole density in the PVDF/KNN-nanofiber composite foams. 

The airborne sound wave can penetrate deeply into the open-cell porous structure for 

realizing effective vibration interactions between the air and solid with mechanical energy 

transfer from the air to the thin solid structure. Here the thin struts of polar PVDF/KNN-

nanofiber possess substantial local piezoelectric effect. Thus, in addition to the well-known 

sound absorption mechanisms, such as fluid viscous and thermal losses, and visco-elastic 

structural damping effect, which commonly exist in porous foams, the mechanical vibration 

or strain of PVDF/KNN-nanofiber composite foam excited by the airborne sound wave can 

be converted to electrical discharge through the local piezoelectric effect of PVDF and KNN 

nanofibers. 

When the composite is excited by the airborne acoustic waves, induced stress will affect both 

PVDF matrix and KNN-nanofibers simultaneously, which causes generation of electrical 

charges in both, but may often with the opposite polarity because of the opposite polarity of 

piezoelectric effect between PVDF and KNN, as illustrated in Figure 9(b). As a result, the 
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electrical discharge will take place at the interfaces between opposite dipoles of PVDF and 

KNN nanofibers, so that the electrical energy converted from the mechanical energy could 

be dissipated as thermal energy. Figure 9(b) schematically illustrates the proposed additional 

noise absorption mechanism with the combined effects of the local negative piezoelectric 

response of PVDF and the local positive piezoelectric response of the adjacent KNN-

nanofiber filler in the open-cell PVDF/KNN-nanofiber composite foams. In addition, KNN 

nanofibers may reflect the impinging sound waves back to the polymer matrix, thereby 

allowing the polar foam skeleton to absorb more mechanical energy. 

4. Conclusion 

Open-cell PVDF/KNN-nanofiber composite foams were proposed and fabricated for 

airborne sound absorption investigations. Structural and thermal analyses showed that the 

KNN nanofibers, which exhibited large positive longitudinal piezoelectric coefficient d33, 

were well dispersed in the PVDF matrix and enhanced the degree of crystallinity of polar β 

phase, which has negative d33 value. Acoustic measurements showed that introduction of the 

KNN-nanofibers significantly enhanced airborne sound absorption over a broad frequency 

range in the PVDF/KNN-nanofiber composite foams, at least up to 5 wt.%.  One possible 

mechanism for the improved sound absorption with the piezoelectric KNN nanofibers with 

positive piezoelectric coefficient added in the PVDF matrix with negative piezoelectric 

coefficient is that electrical discharge could be facilitated for energy dissipation with the 

opposite charges generated through the piezoelectric effects in the two phases with opposite 

polarity. The experimental results show that the open-cell PVDF/KNN-nanofiber composite 

foams are promising for broadband airborne sound absorption application, and our analysis 
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shed a light on the strategy in designing composite foam with multiple piezoelectric effects 

for high sound absorption performance. 
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FIGURE 1. Processing flow chart for preparing PVDF/KNN-nanofiber composite foams. 

FIGURE 2. a) XRD patterns and b) ATR-FTIR spectra of open-cell PVDF and PVDF/KNN-

nanofiber composite foams. The unmarked peaks are common for both α and β phases. 

FIGURE 3. SEM images and pore size distribution histograms of the open-cell (a) PVDF, 

(b) PVDF/3 wt.% KNN-nanofiber, and (c) PVDF/5 wt.% KNN-nanofiber composite foams. 

FIGURE 4. DSC (a) heating and (b) cooling curves of open-cell PVDF and PVDF/KNN-

nanofiber composite foams. 

FIGURE 5. Sound absorption coefficient of open-cell PVDF and PVDF/KNN-nanofiber 

composite foams, with the inset showing low frequency absorption coefficient between 500 

and 2500 Hz. 

FIGURE 6. Mechanical damping factor of the open-cell PVDF/KNN-nanofiber composite 

foams. 

FIGURE 7. Dielectric constant of the open-cell PVDF/KNN-nanofiber composite foams. 

FIGURE 8. Three-dimensional graphs of vibration data of the KNN nanofibers under the 

electric sine wave driving (10 V amplitude at 1 kHz) measured with LSV under substrate 

clamping conditions for KNN nanofiber webs. The central protruded area is the electrically 

excited nanofibers under the top Au electrode (diameter size of 0.25 mm), whereas the flat 

adjacent area is the nanofibers without the top electrode. 
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FIGURE 9. Schematic illustration of (a) PVDF/KNN-nanofiber composite structure, and (b) 

mechanisms for converting sound energy to electricity with local piezoelectric effect and 

electrical discharging to thermal energy through the opposite piezoelectric effect.  
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