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Experimental 

Materials. Polyvinylidene fluoride (PVDF) polymer with MW ~534,000 was obtained from 

Sigma Aldrich, and N,N-dimethylformamide (DMF) and acetone from Merck. SWCNT, with 

a carbon purity of > 95 wt%, outer diameter of 3 nm, and length of 5-30 μm was from 

Timesnano. Polyurethane foam, Cotton fiber and Rockwool sound absorbers were obtained 

from commercial acoustic material suppliers. 

 

Preparing PVDF/SWCNT porous piezo-conductor hybrid foams. To obtain the open-cell 

porous piezo-conductor hybrid foam comprising PVDF as the piezoelectric elements and the 

SWCNT as the conductive elements, PVDF solid was dissolved in mixed organic solvent of 

DMF and acetone (50:50 in volume). SWCNT (with concentrations of 0 wt %, 3 wt %, 5 wt % 

and 10 wt % in the final solid hybrid foam material) was dispersed in DMF/acetone and 

sonicated in ultrasonic bath. After that both solutions were mixed, sonicated, and heated at 50 

ºC to obtain a precursor solution. Baker’s sugar was mixed into the precursor solution until soft 

dough formed. The dough was placed in a mould and slightly pressed 



Ratio of to 4.7 g sugar per gram of precursor solution was used to achieve the desired 

porosity. The moulded samples were heated at 100 ºC for 12 hours to ensure complete drying. 

To create the hybrid foam, the fully dried samples were placed in hot water to dissolve the 

sugar. After dried in 100 ºC, the piezo-conductor hybrid foams were annealed at 135 ºC for 5 

hours.  

 

Characterization. The morphology and structure of the piezo-conductor hybrid foam were 

examined with field emission scanning electron microscopy (FESEM: JSM-6700F, JEOL) and 

transmission electron microscopy (TEM: JEOL JSM-2100F). 

The phase of the PVDF was analyzed with Fourier transform infrared spectroscopy (FTIR; 

Bruker Vertex 80), with scan recorded over a range of 1700–600 cm-1 at 4 cm−1 resolution. 

The porosity of samples was calculated using ethanol saturation method. 

Electrical resistivity of the samples was measured with an impedance analyser (Agilent 4294 

A).  

Sound-absorption coefficients of all the porous materials were measured according to the 

ASTM E1050-08 procedure through an acoustic tube (Bruel &Kjaer 7758). 

 

Morphology of porous PVDF/SWCNT piezo-conductor hybrid foam 

 

Figure S1. SEM image of (a) PVDF and (b) PVDF/5 wt% SWCNT piezo-conductor hybrid 

foams. 



 

Figure S2. TEM images of (a) PVDF/5 wt% SWCNT and (b) PVDF/10 wt% SWCNT piezo-

conductor hybrid foams. 

 

FTIR spectra of PVDF/SWCNT 

 

FIG. S3.  FTIR spectra of PVDF/SWCNT piezo-conductor hybrid forms. Unmarked peaks 

are common to α and β phases. 

 



Potential for passive airborne noise mitigation application 

PVDF is a semi-crystalline thermoplastic polymer material with excellent physical and 

chemical stability, and a melting point above 170°C. ~95 wt % of the solid part of the porous 

PVDF/SWCNT hybrid foam with ~87 vol % porosity is PVDF. It is expected that the 

PVDF/SWCNT foam has excellent resistance to a wide range of chemicals, UV irradiation, 

fire, and aging. Table S1 summarises several important properties of PVDF/SWCNT hybrid 

foam and common commercial sound absorbers.  

 

Table S1. Comparison between PVDF/SWCNT piezo-conductor hybrid foam and the 

commercially available sound absorbing materials 

Properties/Materials PVDF/SWCNT 

hybrid foam 

Polyurethane 

foam 

Rockwool 

panel 

Cotton fibre  

Flame retardant      

Ageing resistance     

Chemicals resistance     

Health hazard Low low High  Medium 

Absorption at 800 Hz* 75% 33% 31% 30% 

Absorption at 1200 Hz* 96% 57% 57% 48% 

 Polyurethane foams will fade and yellow, over time, with prolonged exposure to daylight. 
 Rockwool, like asbestos is made from rocks and minerals. The fibres and dust have proven to be extremely hazardous. 
 Rockwool has a high pH, and a high water retention capacity. 
* For all absorbers, samples with same thickness (25 mm) were tested in standard acoustic tube. 
 

To demonstrate the noise mitigation application values, the PVDF/5 wt% SWCNT hybrid 

foam was installed in an acoustic testing structure. A white noise was generated by a source at 

one side of the structure and a microphone located at the other side of the structure to measure 

the sound pressure level (SPL) of the sound transmitted through the structure. Measurements 

were made with and without the PVDF/5 wt% SWCNT piezo-hybrid foam for comparison 

purpose. The measurement results showed that, installing the porous PVDF/5 wt% SWCNT 

hybrid form inside the acoustic testing structure reduced the noise level by 15-35 dB at many 

frequencies over a wide auditable range between 250 to 2500 Hz (Figure S4).  
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FIG. S4. Comparison between SPL passing the acoustic testing structure with and without 

PVDF/5 wt% SWCNT hybrid foam  

 


