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Piezoelectric nanomaterials have been utilized to realize effective 

charge separation for degrading organic pollutants in water under 

the action of mechanical vibrations. However, in particulate form 

the nanostructured piezoelectric catalysts can flow into the 

aqueous pollutant and limit its recyclability and reuse. Here we 

report a new method of using a barium titanate (BaTiO3, BTO)-

polydimethylsiloxane (PDMS) composite porous foam catalyst to 

address the challenge of secondary pollution and reusable limits. 

It is shown that piezoelectric-induced catalytic dye degradation 

activity of the porous foam can degrade a Rhodamine B (RhB) dye 

solution by ~94%, and the composite material exhibits excellent 

stability after repeated decomposition of 12 cycles. It is suggested 

that under the application of ultrasonic vibrations, the 

piezoelectric BTO materials create separated electron-hole pairs 

that react with hydroxyl ions and oxygen molecules to generate 

superoxide (•O2
-) and hydroxyl (•OH) radicals for organic dye 

degradation. The degradation efficiency of RhB is shown to be 

associated with both the piezoelectric constant and the specific 

surface area of the material. The resulting piezoelectric material-

polymer porous composite catalyst and its ability to achieve piezo-

catalytic dye decomposition provides a new prospect for future 

practical environmental purification applications  

Introduction 

The treatment of organic dye wastewater produced by dyeing, 

paper and textile industries has attracted substantial and long-term 

attention, and wastewater treatments continue to serve as an 

increasing challenge for scientific research.1,2 In recent decades, 

research on advanced oxidation technologies for environmental 

purification has continued to grow.1-3 Semiconductor photocatalysis 

has been widely utilized in this field of pollutant decomposition, 

whereby strong oxidizing free species are produced on illumination 

in the ultraviolet to visible light wavelength region that react with 

dye molecules.2,4 For a typical photocatalysis process the 

semiconductor catalysts should have a strong capacity to generate 

segregated electron-hole pairs on the material surface under 

irradiation of light whose energy is higher than the material band 

gap.2,4,5 Electrons in the conduction band can react with oxygen to 

create superoxide radicals, and holes in the valence band interact 

with water to produce oxidative hydroxyl radicals.2,4 Nevertheless, 

rapid electron-hole recombination of semiconductor photocatalysts 

leads to a low level of photocatalytic efficiency for practical 

application.5 Traditionally, the methods employed to enhance 

photocatalytic activity include impurity doping, raising the reaction 

temperature and the construction of heterojunction structures.6,7 

However, there remains a number of issues limiting the commercial  

application of photocatalysis materials, including low conversion 

efficiency of solar energy (<20%), a heavy reliance on the availability 

of illumination by light, and low light-transmittance in deeply-

coloured pollutants.4,8 For future commercial application of 

catalysts, the development of new environmentally friendly, 

reusable and highly efficient methods and materials are essential 

for future wastewater treatment techniques. 

In addition to solar energy, mechanical energy, as one of the 

natural energies, can be regarded as a form of rich and clean energy 

which can be readily harvested using piezoelectric materials.9 

Piezoelectricity is the ability of a material to convert mechanical 

vibrations into electrical energy.10 Traditionally, most piezoelectric 

materials are processed in bulk form,  such as single crystals and 

ceramics,11 whereas the development of nanostructured 

piezoelectric materials via ultrasonic vibration have been previously 

shown to enhance  photo-catalytic properties.12,13 Piezoelectrically 

induced catalysis is termed "piezo-catalysis" and has used 

piezoelectric nanomaterials with an ability to undergo 

electrochemical reactions for water splitting and degradation of 

organic pollutants.14 Lin et al. investigated piezoelectric 

Pb(Zr0.52Ti0.48)O3 fibers and was able to decompose acid orange 7 

dye molecules under ultrasonic vibrations.15 Hong et al. reported on 

an effective mechanical vibration induced decomposition of acid 

orange 7 solution and water splitting using piezoelectric 

nano/micromaterials under ultrasonic vibrations.16,17 Wu and co-

workers realized a mechanical vibration induced ultrahigh 

decomposition ratio of RhB solution using piezoelectric MoS2 and 

MoSe2 nanoflowers.18 However, during the piezo-catalysis reactions 

nanostructured and particulate based catalysts can enter into any 

aqueous pollutant which limits its ability to be recycled and reused 

since it acts as a secondary form of pollution and is difficult to 

collect. Therefore, it is necessary to develop a new and effective 

technique which can satisfy pollution-free and highly reusable 

demands for catalytic process. 

BTO, a part of ABO3-type perovskites, possesses excellent 

piezoelectric properties due to its non-centrosymmetric lattice, and 

has attracted remarkable research interest for a range of potential 

applications that include electronic devices, nanogenerators, energy 

storage and catalysis.19-22 BTO materials possess a high piezoelectric 

performance with a piezoelectric coefficient (d33) of ~190 pm/V 

below its Curie temperature of ~393 K.19-22 In this work, we present 

the first realization of piezo-catalysis by a fabricating a BTO-PDMS 

composite in the form of a porous foam catalyst to limit secondary 

pollution and improve its reusable limits. In particular, the high 

piezoelectric-induced catalytic degradation activity of the BTO-

PDMS composite porous foam catalyst can degrade RhB dye 



 

 

solution by ~94%, and 12 successful recycles of the composite 

material under repeated decomposition testing demonstrates the 

material stability. The significant piezo-potential of the as-prepared 

BTO powders was characterized by piezoresponse force microscopy 

(PFM). Under the influence of an ultrasonic stress, the piezoelectric 

BTO materials are suggested to create separated electron-hole pairs 

that react with hydroxyl ions (OH-) and oxygen molecules (O2) to 

generate superoxide (•O2
-) and hydroxyl (•OH) radicals for organic 

dye decomposition. Moreover, we investigated piezoelectric 

nanostructured bismuth ferrite (BiFeO3, BFO) and zinc oxide (ZnO) 

combined with PDMS respectively, and obtained a ~98% and ~94% 

decomposition ratio of RhB dye molecules under the action of 

ultrasonic vibrations, indicating that the decomposition efficiency is 

associated with both the piezoelectric constant of the material and 

its specific surface area. The piezoelectric material-PDMS composite 

porous foam catalysts for piezo-catalytic dye degradation provides 

a wide prospect for future practical environmental purification 

applications. 

Results and discussion 

Material Characterization 

SEM images of the precursor BTO prepared by electrospinning and 

the BTO particles after annealing are shown in Fig. 1a and Fig. 1b, 

respectively. The precursor BTO exhibits a rod-like structure with 

diameters of approximately 300 nm, and the BTO particles are in 

the form of spheres with an average size of smaller than 1 μm after 

annealing. From the XRD patterns of the BTO particles in Fig. 1c, the 

diffraction peaks at 22.0o, 22.3o, 31.6o, 38.9o, 44.9o, 45.4o, 51.1o, 

56.3o and 66.1o can be indexed to the (001), (100), (110), (111), 

(002), (200), (210), (211) and (220) planes of tetragonal BTO (JCPDS 

No. 05-0626). Fig. 1d shows an image of the cylindrical BTO-PDMS 

composite porous foam material (diameter: ~3 cm, height: ~4 cm). 

A schematic of the BTO-PDMS composite porous foam catalyst 

under ultrasonic vibration is displayed in Fig.1e. The inset is an SEM 

image of BTO-PDMS composite material, which indicates the 

porous structure has an average diameter of ~300 μm. 

Origin of the piezo-catalytic effect for efficient dye degradation 

A schematic of the piezo-catalytic effect for efficient dye 

degradation using piezoelectric BTO particles subjected to vibration 

is shown in Fig. 2. Under the application of an ultrasonic stress, the 

BTO-PDMS composite porous foam is thought to create separated 

electron-hole pairs that react with OH- and O2 to generate •O2
- and 

•OH radicals for organic dye degradation. Importantly, the change 

in polarization of the BTO particles under stress can dramatically 

affect the movement of free charges and the energetic states at the 

material interface and its surroundings, resulting in the above-

mentioned electrochemical oxidation-reduction reaction between 

the BTO material and its environment, as shown in (I) of Fig. 2. At 

thermal equilibrium, the standard redox potential •O2
-/O2 and 

•OH/OH- are −0.33 V and +1.90 V (all potentials listed versus NHE), 

respectively.23 In addition, the top of the valence band (VB) and the 

bottom of the conduction band (CB) of BTO are +2.31 V and −0.83 V, 

respectively.22 Since the standard redox potential of •O2
-/O2 is less 

negative than the CB and that of •OH/OH- is less positive than the 

VB, the redox process of O2 and OH- in solution can generate •O2
- 

and •OH radicals when electrons and holes exist on the material 

surface, which is shown in (II) of Fig. 2. However, a number of 

electron-hole pairs with limited thermal-activation will recombine 

on the surface of semiconductor crystal. Hence, in the absence of 

any external mechanical load, insufficient •O2
- radicals and •OH 

radicals are generated, resulting in no obvious catalytic effect for 

dye degradation. When BTO is subjected to environmental forces, 

as shown in (III) of Fig. 2, the piezoelectric effect of the BTO 

semiconductor material results in a change of polarization, which 

establishes a piezoelectric field across the BTO thereby inducing 

free charges orienting across the two different ends of the 

material.20 As a result, the accumulation of piezoelectrically induced 

charges on the material surface influences the occupiable electronic 

states, and bending of the surface energy bands.24 Meanwhile, 

thermally-activated separated electron-hole pairs are guided to BTO 

surface, which leads to the generation of •O2
- and •OH radicals for 

efficient catalytic dye degradation, as shown in (IV) of Fig. 2. 

When the screened charges induce an electric field equal to the 

piezoelectric polarization field, the BTO reached an equilibrium. 

Subsequently, when there is a reverse change of polarization, due 

to a change in the applied mechanical load, the temporary 

equilibrium is broken. This results in reverse electron-hole pair 

transfer and corresponding charges, which can also generate strong 

oxidizing species for high-efficiency catalysis following with 

temporary reaction pause for a short equilibrium. Despite the low 

concentration of thermally-activated electron-hole pairs, the 

ultrasonic-cavitation-induced high-frequency strain-stress cycles 

provide a strong ability to generate •O2
- and •OH radicals for the 

piezo-catalytic effect for highly efficient dye degradation. 

On basis of the mechanism suggested above, the chemical 

equations of the piezo-catalysis in BTO-PDMS composite porous 

materials can be expressed as follows: 

- -vibrations - +BTO PDMS BTO PDMS + +e h          (1) 

  g2 2
-- + O Oe                                        (2) 

  gh
-+ + OH OH                                      (3) 

 g g2 2 2
-

O + OH + RhB  Dye Molecules CO + H O        (4) 

Piezo-catalytic effect of BTO-PDMS 

To verify the piezoelectric properties of the as-prepared BTO 

powders, we analyze the spontaneous polarization with the BTO 

powders glued by an electrically conducting resin on a conducting 

iron substrate in tapping mode via PFM. The AFM morphology, PFM 

amplitude and phase image of the BTO powders are shown in Fig. 

3a–c, with a scanning area of 10×10 μm2. The size of BTO powders 

is under 1 μm on average, see Fig. 3a, and the PFM amplitude is 

consistent with the AFM morphology of BTO powers and 

corresponding SEM image in Fig. 1b. As presented in Fig. 3c, a clear 

contrast can be seen in the phase image, indicating different 

polarization directions. The piezoelectric hysteresis loops of the 

BTO powders are illustrated in Fig. 3d and 3e. The phase angle 

exhibits a large change when a 10 V voltage was applied, confirming 

the polarization switching process. The butterfly-shaped 

displacement-voltage hysteresis loop in Fig. 3e also confirms the 

excellent local piezoelectric response. 

Fig. 4a shows the piezo-catalytic degradation of a RhB solution in 

the presence of a BTO-PDMS composite porous foam catalyst, 

where the amount of BTO in the BTO-PDMS is 25.0 wt%. The 554 
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nm absorbance peak of RhB was found to decrease and then 

disappear after 120 min, indicating that the RhB dye solution had 

been completely degraded. Fig. 4b shows a photograph of the 

piezo-catalytic decomposition of the dye in presence of the BTO-

PDMS composite catalyst before and after piezo-catalysis. The 

solution is initially pink, and the colour then fades after undergoing 

piezo-catalysis and is optically transparent after 120 min. The terms 

C and C0 in Fig. 4c are the measured absorbance and the initial 

absorbance of RhB at 554 nm, respectively, and the absorbance 

intensity is proportional to the concentration of the solution. From 

Fig. 4c, the value of C of RhB in BTO-PDMS under ultrasonic 

vibration excitation drops to ~6% of C0. In addition, it can be seen 

that no obvious catalytic degradation of RhB occurs with the 

presence of only PDMS or no catalysts during the catalytic process. 

The original absorbances of RhB with only PDMS and no catalysts 

under ultrasonic vibrations are illustrated in Fig. S1a-b (ESI†) 

respectively. The RhB dye molecules are stable under ultrasonic 

vibrations and the piezoelectric BTO in BTO-PDMS is shown to be 

the key catalyst for efficient piezo-catalytic dye degradation. 

To confirm the above-mentioned mechanism of highly-efficient 

piezo-catalysis, where •O2
- and •OH radicals are active species for 

organic dye degradation, active species trapping experiments are 

necessary. Generally, •O2
-, •OH and holes are mainly reported as 

the active species in photocatalysis.25 Without any addition of 

scavengers, according to Fig. S1c (ESI†), the concentration of the 

RhB dye solutions decreases rapidly and ends at a low level. In 

addition, Fig. S1c (ESI†) demonstrates the time-dependent 

concentration of RhB dye solutions in the presence of p-

benzoquinone (BQ), tert-butyl alcohol (TBA) and 

ethylenediaminetetraacetic acid (EDTA), which are •O2
- scavenger, 

•OH scavenger and hole scavenger, respectively.4,26 With the 

addition of BQ or TBA, the piezo-catalytic effect is obviously 

restrained, indicating both •O2
- and •OH radicals are of importance 

during the piezo-catalytic degradation reaction. After adding the 

hole scavenger EDTA, the RhB aqueous solution continues to 

maintain an effective degradation performance, indicating that 

holes are less important for piezo-catalysis. The results indicate that 

the main active species in piezo-catalysis are •O2
- and •OH radicals, 

in agreement with the proposed mechanism in Fig. 2. 

The proportion of BTO to PDMS is now considered to design 

experiments showing the dependence of the additive amount of 

BTO on the piezo-catalytic dye decomposition ratio, as illustrated in 

Fig. 4d. The decomposition ratio (D) can be calculated using 

Equation 5: 
×0= (1 - / ) 100%D C C                                  (5) 

The absorbances of the RhB aqueous solution are shown in Fig. S1d-

f (ESI†) in the presence of the BTO-PDMS composite porous foam 

catalysts with 12.5 wt%, 37.5 wt% and 50 wt% BTO, respectively. 

The dependence of D on the amount of BTO in BTO-PDMS 

composite catalysts can be observed in Fig. 4d, where D increases 

initially with an increasing the amount of BTO up to 25.0 wt%, and 

thereafter shows a small decrease for 37.5 wt% and 50.0 wt%. The 

optimum D therefore occurs at 25.0 wt% of BTO in the BTO-PDMS. 

The trend of an initially rising D and then a decreasing D could be 

due to the lifetime of •O2
- radicals and •OH radicals being 

extremely short in magnitude, approximately 10-9 s, so that the 

active species can only react in the vicinity of its generated 

location.27 To a certain extent, the presence of more piezoelectric 

BTO contributes to the impact between •O2
-/•OH radicals and dye 

molecules. Due to the quenching of electrons and holes with the 

increase of BTO above 25.0 wt%,4 •O2
- and •OH radicals form only 

restrictedly, leading to a  decreased D of RhB. 

 

 Piezo-catalytic cyclic test in piezoelectric material-polymer 

composite porous foam 

To investigate the feasibility of other piezoelectric materials in this 

method for piezo-catalysis, piezoelectric hydrothermally-

synthesized BFO nanoflowers and gas-phase-routed tetrapod-like 

ZnO whiskers were also combined with PDMS for further catalytic 

experiments. Fig. S2a–d (ESI†) illustrate the phase identification and 

surface morphology of BFO nanoflowers and ZnO whiskers. The 

diffraction peaks of BFO at 22.4o, 31.8o, 32.1o, 38.9o, 39.5o, 45.8o, 

51.3o, 56.3o and 66.3o can be indexed to the (100), (110), (1-10), 

(111), (1-11), (200), (210), (211) and (220) planes of rhombohedral 

BFO (JCPDS No. 74-2016) shown in the XRD patterns of the BFO 

particles in Fig. S2a (ESI†). The diffraction peaks of ZnO at 31.8o, 

34.4o, 36.3o, 47.5o, 56.6o, 62.9o, 66.4o, 67.9o, 69.1o, 72.6o and 76.9o 

can be indexed to the (100), (002), (101), (102), (110), (103), (200), 

(112), (201), (004) and (202) planes of hexagonal ZnO (JCPDS No. 

36-1451), as shown in the XRD patterns of ZnO in Fig. S2b (ESI†). Fig. 

S2c (ESI†) exhibits the morphology of well dispersed BFO 

nanoflowers with an average diameter of ~30 μm. Fig. S2d (ESI†) 

shows the tetrapod-like ZnO whiskers of hexagonal pyramids with a 

uniform shape and smooth surface, showing that the as-grown ZnO 

materials are well-formed tetrapod-like ZnO whiskers. The four 

needles are ~10 μm in average and the angle between any two 

needles is ~109o. In addition, the SEM images of BFO-PDMS and 

ZnO-PDMS are illustrated in Fig.S2e (ESI†) and Fig.S2f (ESI†), 

respectively, indicating the porous composite materials share a 

similar morphology with several ~300 μm cavities. 

With the addition of a similar 25.0 wt% amount of piezoelectric 

material to the composite, the BTO-PDMS, BFO-PDMS and ZnO-

PDMS materials respectively obtain ~94%, ~98% and ~94% 

decomposition ratio of RhB dye molecules under ultrasonic 

vibrations for the first cycle of piezo-catalytic test. The stability and 

durability of the three piezoelectric composite materials are 

examined for 12 cycles for repeatable piezo-catalytic dye 

decomposition testing, as shown in Fig. 5a–c. These three 

composite materials for piezo-catalysis under the same ultrasonic 

vibrations share a similar trend in decomposition ratio, which shows 

a slight decrease in performance with the number of catalytic cycles. 

For the first five cycles, the piezo-catalytic decomposition ratio of 

the three composite materials are all over than 80%, showing an 

efficient catalytic decomposition reaction. For subsequent piezo-

catalytic cycles, the piezoelectric materials may be fractured or 

subject to surface fouling after piezo-catalytic testing under 

ultrasonic vibrations, resulting in the piezo-catalytic decomposition 

ratio decreasing to ~50%. The differences of the peak value of 

decomposition ratio and catalytic activity drop depend on several 

issues, such as the material piezoelectric coefficient, the material 

specific surface area, the material shape and the material stability 

under ultrasonic vibrations. The piezoelectric coefficient (d33) and 

the specific surface area of the BTO particles, the BFO nanoflowers 

and the tetrapod-like ZnO whiskers are illustrated in Fig. 5d.19-22,28,29 



 

 

The piezoelectric coefficient of BTO is the highest among the three 

piezoelectric materials, but does not possess the best piezo-

catalytic activity, which indicates that the material piezoelectric 

coefficient is only one of several influencing factors in piezo-

catalysis. While not exhibiting the highest piezoelectric coefficient 

or highest catalytically optimal specific surface area, the catalytic 

decomposition activity of BFO is slightly higher than the other 

materials; this may indicate that the shape of nanoflower benefits 

the catalytic process or BFO is more stable under ultrasonic 

vibrations. The specific surface areas of the BTO particles, the BFO 

nanoflowers and the tetrapod-like ZnO whiskers are small for 

catalysis, since the materials sizes are almost micron-sized, which 

harm the piezo-catalytic dye decomposition activity, thereby 

leading to decreases in catalytic cycles. Overall, the combination of 

a porous foam catalysts based on piezoelectric materials combined 

with PDMS for piezo-catalytic dye decomposition have revealed 

wide prospect for future practical environmental purification 

applications. 

Conclusions 

In summary, we prepared BTO via an electrospinning method and 

fabricated BTO-PDMS composites as porous composite catalyst to 

successfully realize piezo-catalysis for the first time for solving the 

issues of secondary pollution and its reusable limits. In particular, 

the high piezoelectric-induced catalytic decomposition activity of 

the BTO-PDMS composite porous foam catalyst can degrade RhB 

dye solution by ~94%, showing outstanding cycle stability of the 

composite material for repeatable decomposition testing of 12 

cycles. Significant piezo-potentials of the as-prepared BTO powders 

were confirmed by PFM. The corresponding piezo-catalysis 

mechanism was discussed, which is associated with both the 

piezoelectric constant and the specific surface area. The porous 

foam catalysts of piezoelectric materials combined with PDMS for 

piezo-catalytic dye decomposition have potential applications in 

environmental purification. 

Experimental section 

Fabrication of piezoelectric BTO powders 

All starting chemicals were reagent grade by commercial sources. 

The precursor BTO were prepared by electrospinning, as previously 

reported.30 6.4 g barium acetate ((CH3COO)2Ba), 8.5 g tetrabutyl 

titanate ((C4H9O)4Ti) and 5.0 g acetyl acetone (CH3COCH2COCH3) 

were dissolved in 40 ml glacial acetic acid (CH3COOH). After being 

stirred for 2 h, 1.50 g polyvinylpyrrolidone (PVP, Mw ≈ 1,300,000) 

was added to the solution which formed an agglomeration. A clear 

light-yellow solution was obtained after stirring for 12 h. 

Subsequently, the polymer solution was transferred into a 20 mL 

plastic injector with a 23 G stainless steel needle. The electrostatic 

spinning of the precursor BTO was undertaken using an 

electrostatic spinning machine (Ucalery ET-2535H). A voltage of 

12.66 kV and -1.68 kV were respectively applied on the stainless 

steel needle tip and a 33 × 33 cm2 aluminum foil collector at a 

distance of 10 cm. The polymer jet rate of electrospinning was 0.08 

mm/min. The precursor BTO was annealed at 550 oC for 1.5 h at a 

heating rate of 5 oC/min and 1200 oC for 6 h at a heating rate of 3 
oC/min in a muffle furnace. The piezoelectric BTO powders were 

obtained after being ground with an agate mortar.  

Fabrication of BTO-PDMS composite catalyst 

Fig. S3 (ESI†) illustrates the fabrication technological process of the 

BTO-PDMS composite porous foam. 2.5 g piezoelectric BTO 

powders were uniformly mixed with 5.0 g PDMS in a beaker. 20.0 g 

granulated sugar and 0.5 g curing agent were added in a glass vessel 

and stirred with a glass bar. The mixture was transferred into a 

cylindrical acrylic mould with a diameter of ~3 cm and extruded by 

an acrylic wafer. Subsequently, the mixture was heated at 70 oC for 

3 h. The mould released mixture was a porous composite material 

with granulated sugar in its cavities. At a temperature of ~50 oC, the 

mixture was placed in 500 mL deionized water under ultrasound 

excitation to remove sugar in cavities of porous composite material. 

The BTO-PDMS composite porous foam catalyst was obtained after 

being dried in an oven at 50 oC for 12 h. 

Characterization 

The crystalline phase of BTO powders was analysed using an X-ray 

diffraction powder analyzer (XRD, Panalytical X’pert3). The 

microstructure of precursor BTO, BTO powders and BTO-PDMS 

composite material were examined by field emission scanning 

electron microscopy (FESEM, Hitachi SU8020). The piezoelectric 

performance of the prepared BTO powders are measured by atomic 

force microscope (AFM, Bruker ICON). The topology, vertical PFM 

amplitude and phase of the piezoelectric BTO powders were 

determined from the recorded material deformation response.  The 

piezo-catalytic effect was assessed via examination of the 

absorbance spectra change of RhB using UV-Vis spectrophotometer 

(Ultra-6600A, RIGOL). The specific surface area was measured by 

accelerated surface area and porosimetry system (ASAP 2460, 

Micromeritics). 

Piezo-catalytic active experiments 

In the piezo-catalytic experiment, the BTO-PDMS composite catalyst 

was placed in 40 mL 5 mg/L RhB solution in a 50 mL glass vessel. 

After adsorption-desorption equilibrium was established, piezo-

catalysis were carried out by an ultrasonic machine (Kunshan, KQ-

400KDE) at a frequency of 40 kHz with an ultrasonic power of 400 

W. Every 30 minutes, 1 mL of RhB solution was utilized for 

absorbance spectra measurements. 
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FIGURES 

 

Fig. 1 (a) SEM image of the precursor BTO prepared by electrospinning. (b) SEM image of the BTO particles after 

annealing. (c) XRD patterns of the BTO particles. (d) Image of the BTO-PDMS composite porous foam catalyst (e) 

Schematic of porous piezo-catalysis process. 
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Fig. 2 Schematic of the piezo-catalytic effect in BTO-PDMS. At equilibrium, insufficient •O2
- radicals and •OH 

radicals are generated with no obvious catalytic effect for dye degradation. When forced by a mechanical load, 

the change of piezoelectric polarization results in the creation of a piezoelectric potential to induce an inflection 

of the CB and VB, and the generation of •O2
- radicals and •OH radicals for efficient catalytic dye degradation. 



 

 

 

Fig. 3 Piezoelectricity of BTO. (a) AFM morphology. (b) PFM amplitude. (c) Phase image. (d,e) Piezoelectric 

hysteresis loops of BTO. 
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Fig. 4 Piezo-catalytic activity of the BTO-PDMS composite porous foam catalyst. (a) Absorbance of RhB solution in 

BTO-PDMS catalyst under ultrasonic vibrations. (b) Image of the piezo-catalytic decomposition of RhB solution in 

the presence of BTO-PDMS before and after piezo-catalysis. (c) Piezo-catalytic activity of RhB solution in the 

presence of different catalysts. (d) Dependence of decomposition ratio on the amount of BTO. 



 

 

  

Fig. 5 Recycling of porous foam of piezoelectric material combined with PDMS. (a,b,c) Recycling of BTO-PDMS, 

BFO-PDMS, ZnO-PDMS. (d) Piezoelectric coefficient (d33) and specific surface area for piezoelectric materials. 


