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However, the efficiency of these porous materials is often insufficient, especially at 

lower frequency range below 2 kHz which is the main noise in urban ambient 

environments, such as from traffic and construction. It is from these industries 

where workers are most at risk of noise-induced deafness.  

There is therefore a need to reduce noise transmission and to provide a 5 

sound absorbing material that overcomes, or at least ameliorates, one or more of 

the disadvantages described above.  

 

Summary 

In one aspect of the present disclosure, there is provided a sound-absorbing 10 

porous composite comprising: 

(a) mechano-electrical conversion elements to convert sound mechanical 

energy into electric energy; and  

(b) electro-thermal conversion elements to convert the converted electrical 

energy into thermal energy;  15 

wherein said mechano-electrical conversion elements and electro-thermal 

conversion elements are homogenously mixed in said porous composite, and 

wherein the porosity of said porous composite is at least 85%, and wherein: 

(i) the mechano-electrical conversion elements comprise polymeric electret; 

or 20 

(ii) the mechano-electrical conversion elements comprise piezoelectric 

polymer when the electro-thermal conversion elements comprise dielectric 

lossy elements. 

 

In another aspect of the present disclosure, there is provided a sound-25 

absorbing porous composite when used to absorb sound, comprising: 

(a) mechano-electrical conversion elements to convert sound mechanical 

energy into electric energy; and  
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(b) electro-thermal conversion elements to convert the converted electrical 

energy into thermal energy;  

wherein said mechano-electrical conversion elements and electro-thermal 

conversion elements are homogenously mixed in said porous composite, and 

wherein the porosity of said porous composite is at least 85%, and wherein: 5 

(i) the mechano-electrical conversion elements comprise polymeric electret; 

or 

(ii) the mechano-electrical conversion elements comprise piezoelectric 

polymer when the electro-thermal conversion elements comprise dielectric 

lossy elements; or 10 

(iii) the mechano-electrical conversion elements comprise piezoelectric 

polymer when the electro-thermal conversion elements comprise electrical 

conductive elements, wherein the concentration of said conductive 

elements is near conductivity percolation threshold. 

 15 

In a further aspect of the present disclosure, there is provided a method for 

absorbing sound, comprising the following steps: 

(i) providing a sound-absorbing porous composite comprising: 

(a) one or more mechano-electrical conversion element(s), ; and  

(b) one or more electro-thermal conversion element(s);  20 

wherein said mechano-electrical conversion element(s) and electro-

thermal conversion element(s) are homogenously mixed in said 

porous composite, and wherein the porosity of said porous 

composite is at least 85%, and wherein 

(i) the mechano-electrical conversion elements comprise polymeric 25 

electret, or 

(ii) the mechano-electrical conversion elements comprise 

piezoelectric polymer when the electro-thermal conversion elements 

comprise dielectric lossy elements, or 
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(iii) the mechano-electrical conversion elements comprise 

piezoelectric polymer when the electro-thermal conversion elements 

comprise electrical conductive elements, wherein the concentration 

of said conductive elements is near conductivity percolation 

threshold; 5 

(ii) converting sound mechanical energy into electric energy via said 

mechano-electrical conversion element(s);  

(iii) converting the electrical energy produced by step (ii) into thermal energy 

via said electro-thermal conversion element(s). 

The present disclosure provides a sound-absorbing porous composite 10 

comprising: 

(a) mechano-electrical conversion elements to convert sound mechanical 

energy into electric energy; and  

(b) electro-thermal conversion elements to convert the converted electrical 

energy into thermal energy;  15 

wherein said mechano-electrical conversion elements and electro-thermal 

conversion elements are homogenously mixed in said porous composite, and wherein 

the porosity of said porous composite is at least 85%. 

Advantageously, the disclosed porous composites are effective at absorbing 

sound and display high sound absorption coefficients. 20 

Further advantageously, the combination of the mechanisms of converting 

sound mechanical energy into electric energy via the mechano-electrical conversion 

elements and converting the converted electric energy into thermal energy via the 

electro-thermal conversion elements provides a synergistic interaction which provides 

for more efficient sound absorption. 25 

Further, having the porous composite be of at least 85% porosity adds 

additional sound energy dissipation mechanisms such as destructive interference in the 

pores, friction damping, and viscoelastic damping. This, in combination with the above-

mentioned energy conversion mechanisms, provides for a highly efficient sound 

absorbing material. 30 
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The present disclosure also provides a method for absorbing sound, 

comprising the following steps: 

(i) providing a sound-absorbing porous composite comprising: 

(a) mechano-electrical conversion elements; and  

(b) electro-thermal conversion elements;  5 

wherein said mechano-electrical conversion elements and electro-

thermal conversion elements are homogenously mixed in said 

porous composite, and wherein the porosity of said porous 

composite is at least 85%; 

(ii) converting sound mechanical energy into electric energy via said 10 

mechano-electrical conversion elements; and  

(iii) converting the electrical energy produced in step (ii) into thermal energy 

via said electro-thermal conversion elements. 

  

Definitions 15 

The following words and terms used herein shall have the meaning 

indicated: 

As used herein, the term “mechano-electrical conversion element” refers to 

a material or substance that is capable of converting mechanical energy into 

electrical energy. The term “mechano-electrical conversion element” may be used 20 

interchangeably with the terms “mechano-electrical conversion material” or the 

term “mechano-electrical conversion substance”.  

As used herein, the term “electro-thermal conversion element” refers to a 

material or substance that is capable of converting electrical energy into thermal 

energy. The term “electro-thermal conversion element” may be used 25 

interchangeably with the terms “electro-thermal conversion material” or the term 

“electro-thermal conversion substance”. 

Sound is a form of mechanical energy as the source of sound is associated 

with the vibration of matter. Sound is a mechanical wave and consists physically in 

oscillatory elastic compression and in oscillatory displacement of a fluid. As used 30 
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Claims 

 

1. A sound-absorbing porous composite comprising: 

(a) mechano-electrical conversion elements to convert sound mechanical 

energy into electric energy; and  5 

(b) electro-thermal conversion elements to convert the converted electrical 

energy into thermal energy;  

wherein said mechano-electrical conversion elements and electro-thermal 

conversion elements are homogenously mixed in said porous composite, and 

wherein the porosity of said porous composite is at least 85%, and wherein: 10 

(i) the mechano-electrical conversion elements comprise polymeric electret; 

or 

(ii) the mechano-electrical conversion elements comprise piezoelectric 

polymer when the electro-thermal conversion elements comprise dielectric 

lossy elements. 15 

2. A sound-absorbing porous composite when used to absorb sound, comprising: 

(a) mechano-electrical conversion elements to convert sound mechanical 

energy into electric energy; and  

(b) electro-thermal conversion elements to convert the converted electrical 

energy into thermal energy;  20 

wherein said mechano-electrical conversion elements and electro-thermal 

conversion elements are homogenously mixed in said porous composite, and 

wherein the porosity of said porous composite is at least 85%, and wherein: 

(i) the mechano-electrical conversion elements comprise polymeric electret; 

or 25 

(ii) the mechano-electrical conversion elements comprise piezoelectric 

polymer when the electro-thermal conversion elements comprise dielectric 

lossy elements; or 
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(iii) the mechano-electrical conversion elements comprise piezoelectric polymer 

when the electro-thermal conversion elements comprise electrical conductive 

elements, wherein the concentration of said conductive elements is near 

conductivity percolation threshold. 

3. The sound-absorbing porous composite in accordance with Claim 1 or 2, 5 

wherein the electro-thermal conversion element(s) comprise electrical conductive 

elements. 

4. The sound-absorbing porous composite in accordance with Claim 1 or 2, 

wherein the electro-thermal conversion elements comprise dielectric lossy 

elements. 10 

5. The sound-absorbing porous composite in accordance with any one of Claims 1 

to 4, wherein the piezoelectric polymer is selected from the group consisting of 

polyvinylidene fluoride (PVDF), PVDF-based polymers, homopolymer and 

copolymers containing a major portion of vinylidene fluoride, poly(vinylidene 

fluoride-trifluoroethylene), poly(vinylidene fluoride-hexafluoropropylene) 15 

copolymers, poly(vinylidene fluoride-trifluoroethylene-chlorofluoroethylene) and 

terpolymer.  

6. The sound-absorbing porous composite in accordance with any one of Claims 1 

to 4, wherein the polymeric electret is selected from the group consisting of 

polypropylene, polyurethane, polyethylene, polystyrene, polyethylene 20 

terephthalate, polytetrafluoroethylene, polyimide, polymethylmethacrylate, and 

ethylene vinyl acetate cyclic olefin copolymers.  

7. The sound-absorbing porous composite in accordance with any one of Claims 1 to 6, 

wherein the mechano-electrical conversion elements comprise a blend of a 

piezoelectric polymer and a polymer electret.   25 

8. The sound-absorbing porous composite in accordance with any one of Claims 1 

to 3 and 5 to 7, wherein the electrical conductive elements are selected from the 

group consisting of carbon nanotubes, graphene, carbon black, and conductive 

metal particles. 

9. The sound-absorbing porous composite in accordance with any one of Claims 1, 30 

2 and 4 to 7, wherein the lossy elements are selected from the group consisting of 

hydrated or hygroscopic materials. 
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10. The sound-absorbing porous composite in accordance with any one of Claims 

1 to 3, and 5 to 8, wherein the electro-thermal conversion elements comprise 

electrical conductive elements, and the concentration of the conductive elements is 

near conductivity percolation threshold. 

11. The sound-absorbing composite in accordance with any one of Claims 1 to 3, 5 5 

to 8 and 10, wherein the electro-thermal conversion elements comprise electrical 

conductive elements, and the concentration of the conductive elements is 3 wt% to 

10 wt%. 

12. The sound-absorbing porous composite in accordance with any one of Claims 

1, 2, 4 to 7 and 9, wherein the concentration of lossy element is ≥10 wt % of said 10 

composite. 

13. The sound-absorbing porous composite in accordance with any one of Claims 

1 to 12, wherein the porous composite is cellular type with open-cell pores. 

14. The sound-absorbing porous composite in accordance with any one of Claims 

1 to 13, wherein the pore size is in range of 50-600 μm. 15 

15. The sound-absorbing porous composite in accordance with Claim 2, wherein 

the composite comprises polyvinylidene fluoride (PVDF)-based polymer as the 

mechano-electric conversion elements and 3 - 5 wt% carbon nanotubes as the 

electro-thermal conversion elements. 

16. The sound-absorbing porous composite in accordance with any one of Claims 20 

1, 2, 4, 5, 7, 9 and 12 to 14, wherein said composite comprises polyvinylidene 

fluoride (PVDF)-based polymer as the mechano-electric conversion elements and 

about 9 wt% aluminum microparticles as the electro-thermal conversion elements. 

17. The sound-absorbing porous composite in accordance with any one of Claims 

1 to 3, 6 to 8, 10, 11, 13 and 14, wherein said composite comprises polypropylene, 25 

polyurethane, polyethylene, polystyrene, polyethylene terephthalate, 

polytetrafluoroethylene, polyimide, polymethylmethacrylate, or ethylene vinyl 

acetate cyclic olefin copolymers as the mechano-electric conversion elements and 

3-5 wt% carbon nanotube as the electro-thermal conversion elements.  

18. The sound-absorbing porous composite in accordance with any one of Claims 30 

1 to 17, wherein the sound absorption coefficient for the porous composite is ≥0.50  

at audible frequencies above 800 Hz with a thickness of 25 mm. 
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19. The sound-absorbing porous composite in accordance with any one of 1 to 17, 

wherein the sound absorption coefficient for the porous composite is not lower than 

about ≥0.90 at audible frequencies above 1.5 kHz with a thickness of 25 mm. 

20. A method for absorbing sound, comprising the following steps: 

(i) providing a sound-absorbing porous composite comprising: 5 

(a) one or more mechano-electrical conversion element(s), ; and  

(b) one or more electro-thermal conversion element(s);  

wherein said mechano-electrical conversion element(s) and electro-

thermal conversion element(s) are homogenously mixed in said 

porous composite, and wherein the porosity of said porous 10 

composite is at least 85%, and wherein 

(i) the mechano-electrical conversion elements comprise polymeric 

electret, or 

(ii) the mechano-electrical conversion elements comprise 

piezoelectric polymer when the electro-thermal conversion elements 15 

comprise dielectric lossy elements, or 

(iii) the mechano-electrical conversion elements comprise 

piezoelectric polymer when the electro-thermal conversion elements 

comprise electrical conductive elements, wherein the concentration 

of said conductive elements is near conductivity percolation 20 

threshold; 

(ii) converting sound mechanical energy into electric energy via said 

mechano-electrical conversion element(s);  

(iii) converting the electrical energy produced by step (ii) into thermal energy 

via said electro-thermal conversion element(s). 25 
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