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ABSTRACT 
Environmental deterioration, especially water pollution, is widely dispersed and could affect the quality of people’s life at large. Though the 
sewage treatment plants are constructed to meet the demands of cities, distributed treatment units are still in request for the supplementary 
of centralized purification beyond the range of plants. Electrochemical degradation can reduce organic pollution to some degree, but it has to 
be powered. Triboelectric nanogenerator (TENG) is a newly-invented technology for low-frequency mechanical energy harvesting. Here, by 
integrating a rotary TENG (R-TENG) as electric power source with an electrochemical cell containing a modified graphite felt cathode for 
hydrogen peroxide (H2O2) along with hydroxyl radical (•OH) generation by Fenton reaction and a platinum sheet anode for active chlorine 
generation, a self-powered electrochemical system (SPECS) was constructed. Under the driven of mechanical energy or wind flow, such SPECS 
can efficiently degrade dyes after power management in neutral condition without any O2 aeration. This work not only provides a guideline for 
optimizing self-powered electrochemical reaction, but also displays a strategy based on the conversion from distributed mechanical energy to 
chemical energy for environmental remediation. 
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1 Introduction 
Distributed mechanical energy from wind blow, water flow, animal 
motion and human action, is widely existed around. Triboelectric 
nanogenerator (TENG) is a newly-invented technology for low- 
frequency mechanical energy harvesting at a high efficiency [1, 2]. By 
coupling of triboelectrification and electrostatic induction, mechanical 
vibration or relative displacement of metal electrode and dielectric 
materials can be converted into electricity [3, 4]. This electricity 
generation origins from Maxwell’s displacement current, which is 
essentially different from traditional electromagnetic generator [5, 6]. 
The efficient conversion by TENGs makes it possible to power 
light-emitting diodes, wireless transmitters, sensors, even to realize 
the world of internet of things [7, 8]. The design of TENGs is rather 
flexible due to the utilization of various dielectric and conductive 
materials, which have found applications in the fields of tribotronics, 
self-powered systems and hybrid energy harvesting devices [9–12]. 
The electric energy translated from TENGs can also be used in 
electrochemistry and photo-electrochemistry [13–16]. For example, 
efficient self-powered water splitting can be directly realized at a 
rate of 6.25 × 10−3 mL/min by integrating an electrolysis cell and 
flowing-water-driven TENG [17]. Assisted with the induced electric 

field, photocatalytic hydrogen generation and organic compounds 
degradation in aqueous condition can be significantly promoted 
[18–20]. An insulating featured photocatalyst-loaded electrostatic 
filter can achieve a doubled efficiency of gaseous formaldehyde 
degradation, when a peak voltage of 1,110 V is applied on the filter 
by a single electrode TENG [21]. 

On the other hand, environmental deterioration, especially water 
pollution, is widely dispersed [22, 23]. Though the sewage treatment 
plants are used to meet the demands of cities, distributed treatment 
units are still in request for the supplementary of centralized 
purification beyond the range of plants. Electro-Fenton (EF) reaction, 
a derivatived advanced oxidation processes from Fenton reaction and 
electrochemistry, is widely used for organic contaminant treatment 
[24, 25]. The main reactions are hydrogen peroxide (H2O2) electro- 
generation over cathode and decomposition under the catalytic 
effect of Fe2+ ions, forming hydroxyl radical (•OH), along with the 
regenation of Fe2+ ions through Fe3+ reduction on cathode [24, 26, 27]. 
•OH is a kind of active oxygen species with higher oxidation 
potential (E0

(•OH,H+/H2O) = 2.72 V), than the standard one of ozone 
under acidic conditions [28, 29]. The traditional EF process is 
conducted by an extra power source in an electrochemical cell, thus 
electric circuit design needs to be considered for large-scale application  
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outdoors. Hence, EF process powered by distributed energy source, 
such as wind blow or water flow, is more prospective for the 
applications in the water area beyond the sewage treatment plants. 
Besides, electrolyte is needed for electric conductivity enhancement 
in the aqueous phase. Chloride-based salt electrolyte can produce 
active chlorine species, like hypochlorous (HClO), hypochlorite ion 
(ClO−), via dissolving the evolved chlorine (Cl2) in aqueous solution 
[30, 31]. The generated active chlorine species can also contribute 
to the degradation of organic compounds coordinated with •OH 
species generated in the EF process.  

In this work, a self-powered electrochemical system (SPECS) was 
constructed by a rotary TENG (R-TENG) driving electrochemical 
cell for the generation of H2O2, •OH and active chlorine species. 
Modified graphite felt (GF) cathode with mesoporous carbon black 
and polytetrafluoroethylene (PTFE) nanopowder was prepared, 
which can efficiently generate H2O2 by making full use of dissolved 
oxygen (O2) in neural condition. Platinum sheet was used as the anode 
for the generation of active chlorine species. With power management, 
this constructed SPECS can efficiently degrade Rhodamine B (RhB) 
and methylene blue (MB) in neutral condition without any O2 
aeration and external electric power supply. A wind-driven rotary 
TENG (WR-TENG) was also fabricated for the demo application of 
SPECS. The SPECS presented in this work would not only extend 
the application of TENGs in electrochemistry, but also provide a 
promising strategy for the treatment of distributed water pollution 
via the conversion from distributed mechanical energy to chemical 
energy. 

2 Experimental section 

2.1 Fabrication of the R-TENG 

The R-TENG consists of two well fixed coaxial parts. For the stator, 
1 oz Cu was deposited on a disk-shape printed circuit board (PCB). 
The whole PCB was divided into 12 intervals for Cu electrode 
deposition, and gaps were reserved between the neighboring electrodes. 
For the rotator, the FR4 glass fiber board (1 mm in thickness) was 
cut into the same size as the effective contact area of stator (20 cm 
for external diameter, 4 cm for internal diameter). A 50 μm-thick 
Kapton film was cut into annular sector shape, which was closely 
adhered onto the FR4 board at intervals. A motor was used to trigger 
the rotator for rotation movement, and a transmission was used for 
adjusting the rotational condition. The open-circuit voltage (VOC), 
transferred charge (QSC) and short-circuit current (ISC) outputs were 
measured by Keithley 6514 system electrometer. 

2.2 Preparation of cathode electrode 

Graphite felt (GF, 3 mm in thickness) was cut into the size of 2 cm × 
2.5 cm. Before modification, these felts were immersed in the mixture 
of acetone, alcohol and ultrapure water for ultrasonic cleaning, 
then dried at 80 °C. For the modification of graphite felt [32], 0.3 g 
mesoporous carbon black, 0.9 g nano-sized PTFE powder, 30 mL 
ultrapure water and 2 mL n-butanol were mixed under stirring for 
40 min to form a dispersed suspension. The cleaned graphite felts 
were immersed into the above suspension under magnetic stirring 
for 30 min for the loading of carbon black and PTFE. After drying at 
80 °C for 12 h, the felts were annealed at 360 °C for 1 h at a heating 
rate of 6 °C/min. The modified graphite felt was marked as GF-3, and 
the raw graphite felt was marked as GF-0. 

2.3 Electrochemical characterization 

The morphology of cathode was characterized using scanning electron 
microscopy (SEM, Nova NanoSEM 450 and Hitachi SU8020). 
Electrochemical characterization of the raw and modified graphite 
felts was performed on an electrochemical workstation (CHI660E) 

in the three-electrode system. Linear sweep voltammetry (LSV) was 
recorded at a scanning rate of 10 mV/s. The modified graphite felt 
was used as cathode electrode, a platinum sheet (10 mm × 20 mm × 
0.1 mm) as counter electrode and an Ag/AgCl electrode as reference 
electrode. NaCl aqueous solution (0.1 M) with or without Fe2+ ions 
(0.2 mM FeSO4) was used as electrolyte. 

2.4 Generation and measurement of H2O2 and •OH 

The electro-generation of H2O2 was carried out in a single chamber 
cell (100 mL) at 22 °C. In this process, direct current (DC) was 
applied by Keithley 2410 SourceMeter, platinum sheet was used as 
the anode electrode, 50 mL of 0.1 M NaCl aqueous solution was 
used as the electrolyte, and constant stirring was employed for the 
diffusion of the generated H2O2. The pH value of electrolyte was 
adjusted by H2SO4 or NaOH, N2 or O2 was introduced at a flow rate 
of 0.6 L/min to determain the effect of atmosphere. At an interval 
of 2 min, 1 mL solution was pipette out for the quantitative detection 
of H2O2. The analysis method was referenced to spectrophotometric 
determination (Shimadzu UV3600) using titanium reagent (20 mM 
potassium titanium(IV) oxalate, 1 M sulphuric acid) [33]. •OH 
generated from H2O2 via Fenton process (0.2 mM FeSO4) was 
quantitatively measured by determination of the fluorescence intensity 
(Edinburgh instruments, FLS980-S2S2-stm) of 2-hydroxyterephthalic 
acid evolved from hydroxylated terephthalic acid [34]. 

2.5 Degradation of RhB and MB 

The degradation tests of RhB and MB were carried out in the same 
chamber cell as the H2O2 electro-generation. 0.1 M NaCl aqueous 
solution with 0.2 mM FeSO4 was used as the electrolyte. The electrolyte 
solution was neutral. DC current (Keithley 2410 SourceMeter)  
or R-TENG was used as power source for the degradation. The 
concentration of RhB or MB dye was determined by spectrophotometer 
(Shimadzu UV 3600) at the characteristic absorption peak. The 
removal rate η was calculated by η = 1 − (At/A0), where At denotes 
the absorption intensity at the given time, and A0 denotes the 
original intensity. The total organic carbon (TOC) content was 
determined by the combustion method on Shimadzu TOC-VCPN. 

3 Results and discussion 

3.1 Performance of R-TENG 

Electricity generation of TENG originates from Maxwell’s displacement 
current. The working principle of R-TENG is sketched in Fig. 1(a) 
and its structural design is illustrated in Fig. 1(b). FR4 glass fiber 
board adhered with Kapton layer acts as the rotator and PCB 
deposited with Cu layer acts as the stator for the R-TENG. When the 
dielectric Kapton layer contacts well with the bottom Cu electrode, 
negative charges are acquired. While the top dielectric layer spans 
the left and right Cu electrodes by rotation, the total negative 
polarization intensity above the right Cu electrode decreases, thus 
leading to the electron flow from the left to the right electrode 
through the external load circuit to screen the exceeding positive 
charges (stages (i) to (iii) in Fig. 1(a) and Fig. S1 in the Electronic 
Supplementary Material (ESM)). Continuing rotating to stage (iv), 
the negative polarization intensity decreases above the left electrode 
but increases above the right one, resulting in the backward flow 
of electrons from the right electrode to the left one. The rotation of 
Kapton layer in cycles drives electrons flow in the external load 
circuit for generating electricity.  

The electrical output performance of the fabricated R-TENG  
is summarized in Figs. 1(c)–1(e). Since the charge density on the 
surface of Kapton is stable when it is saturated, the transferred charge 
in one cycle and induced voltage between two Cu electrodes are 
independent of the rotational speed of rotator, while the output 
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current rises with increasing the rotational speed. As shown in Figs. 1(c) 
and 1(d), a peak VOC of 200 V and a QSC of 120 nC are obtained, and 
the peak values are almost unchanged from 100 to 1,400 revolutions 
per minute (rpm). The ISC really matters to the rotation speed, the 
measured peak value almost increases linearly with the rotational 
speed (Fig. 1(e)). 

3.2 Characterization and electrochemical performance 

For the construction of SPECS, cathode for high-efficiency generation 
of H2O2 and anode for active chlorine species are required. The raw 
GF acts as a three-dimensional (3D) supporter for the loading of 
electrocatalyst, mesoporous carbon black was chosen as the main 
catalytic component and PTFE nanopowder as co-catalytic component 
and binder. Though there is no notable difference in visual (Fig. S2 
in the ESM), the amplified surface morphologies of GF before  
and after modification (Figs. 2(a) and 2(b)) are distinguishable. The 
loaded components fill the gaps of GF fibers (Figs. 2(b) and 2(c)), 
while the raw GF electrode (GF-0) is clean fiber structure with the 
diameter of 20 μm (Fig. S3 in the ESM). Though PTFE is also active 
for H2O2 generation, too much PTFE makes the as-prepared cathode   

 
Figure 2 Characterization of cathode electrode. SEM images of the surface of 
(a) GF-0 and (b) and (c) GF-3. (d) LSV of GF-0, -3 ranging from 0 to −1.5 V 
using Ag/AgCl electrode as a reference. Conditions: scanning rate of 10 mV/s, 
0.1 M NaCl neutral aqueous solution. 

more hydrophobic and covers the active sites of porous carbon for 
electric conduction and H2O2 generation. GF-3 electrode possesses 
the best current response as the observed polarization curve (Fig. 2(d) 
and Fig. S4 in the ESM) among all cathodes according to LSV 
characterization, which indicates its ability of oxidation-reduction 
reaction for O2 reduction towards H2O2 generation. The cathode 
screening was performed by electrochemical decolorization of RhB 
in NaCl solution under the catalysis of Fe2+ ions. The results in  
Figs. S5 and S7 in the ESM indicate the highest catalytic activity of 
GF-3 electrode among various electrodes. 

Electro-generation of H2O2 in neutral solution by a DC power 
supply was carried out for the catalytic characterization of GF-3. As 
shown in Fig. 3(a), the accumulation rate increases with the applied 
current intensity ranging from 2 to 8 mA/cm2. H2O2 electro-generation 
is a quasi-zero-order dynamic process. The dynamic constant is 1.44, 
2.55, and 5.29 mg/(L·min) when the applied current intensity is 2, 4, 
and 8 mA/cm2, respectively. It shows maximal Faraday current 
efficiency of 87% at the initial stage when applying the current of  
8 mA/cm2, then a steady efficiency of 60%–70% for the next 8 min 
(Fig. S8(a) in the ESM). Though H2O2 generation still exhibits an 
increasing tendency from 8 to 12 mA/cm2, it is not so obvious 
anymore. Meanwhile, the current efficiency decreases. This decrease 
may be associated with the augmented polarization for the occurrence 
of side reactions, such as the evolution of hydrogen and self- 
decomposition of H2O2 [35, 36]. 

Usually acidic environment and extra O2 are required for high- 
efficiency generation of H2O2 in EF process [25, 27, 35]. Follow-up 
treatment is needed to meet emission standards for this artificial 
circumstance. As a result, development of high-performance electrode 
for H2O2 generation in neutral solution and taking full advantage 
of the dissolved O2 is most promising for EF application in polluted 
water treatment. Catalytic generation of H2O2 in solution with different 
pH values was performed to evaluate the activity of GF-3 (Fig. 3(b) 
and Fig. S8(b) in the ESM). GF-3 exhibits more active for H2O2 
generation in neutral solution (pH 7: 5.3 mg/(L·min)) than in acid 
solution (pH 3: 2.1 mg/(L·min), pH 5: 3.5 mg/(L·min)), and even 
higher catalytic activity realized in the weak basic condition (pH 9: 
5.8 mg/(L·min), pH 11: 6.3 mg/(L·min)). It also shows no significant 
difference on H2O2 generation with and without O2 aeration in 
neutral condition (Fig. 3(c)). Thus, we deduce the H2O2 generation 
mechanism can be described as Eq. (1), in which a protonation 

 
Figure 1 Schematic images and electrical output performance of R-TENG. (a) Working mechanism and (b) structural illustration of the fabricated R-TENG. (c) The 
peak VOC of the R-TENG at different rotational speeds. The insert is the specific VOC output at 400 rpm. (d) The QSC of the R-TENG at 1,200 rpm. The insert is the 
enlarged view inside the rectangle part. (e) The peak ISC of the R-TENG at different rotational speeds. The insert is the specific ISC output at 1,400 rpm.  
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process of hydroperoxyl ion (HO2
−) is subsequently brought in [37]. 

O2 + H2O + 2e− → HO2
− + OH−            (1) 

The generated H2O2 can efficiently decompose for •OH derivation 
under the catalysis of Fe2+ ions. Photoluminescence tests indicate 
the concentration of generated •OH can reach to 0.97 μmol/L   
(Fig. 3(d) and Fig. S9 in the ESM), then increases at a linear rate of 
0.15 mg/(L·min). Besides, LSV spectrum obtained in NaCl/Fe2+ 
mixed electrolyte solution exhibits obvious enhanced polarization 
compared with that in NaCl solution (Fig. 3(e)). This suggests there 
is cooperation effect of H2O2 decomposition to •OH and active 
chlorine species existing, which may in favor of the degradation of 
organic components.  

RhB was chosen as a simulated substrate for the succedent 
experimental demonstration for degrading organic compounds. It 
was surprising that it only took less than 1 min for the red solution 
to get transparent at a quasi-zero-order dynamic constant of   
48 mg/(L·min) (Fig. S5(d) and Movie ESM1 in the ESM) and only 
15.6% of TOC remained (Fig. 3(f)). For the case that only •OH 
exists without any active chlorine species generation (Fig. S10(a) in 
the ESM), it needs more than 20 min to remove RhB dye, and still 
29.4% of TOC is remaining in solution. For the case that only active 
chlorine species exist without •OH generation (Fig. S10(b) in the 
ESM), the decolorization is even faster than the case of synthetically 
catalytic degradation in the first 30 s. However, the decolorization 
process is suspended after 30 s. The TOC removal efficiency (62.5%, 
Fig. 3(i)) after 75 s is rather lower than the case of synthetically 
catalytic degradation. In RhB degradation, N-demethylation and 
the destruction of the conjugated structure are two competitive 
processes. The conjugated structure of C=N and C=O structures 
make RhB showing the major absorption band at 554 nm. The 
generated chlorine species can rapidly attack the chromophore group, 
leading to the fast decolorization of RhB solution. However, the 
formed chloroderivatives byproducts in NaCl medium are recalcitrant, 
which hamper the further mineralization by chlorine species [38, 39]. 
•OH radicals can directly attack the central carbon of RhB, 
N-deethylation and cleavage chromophore intermediates [40]. Small 
molecules, such as formic acid and phthalic acid, are further formed 
via the open ring of aromatic fragments [40, 41]. These molecules 

can be easily mineralized to be CO2 and H2O. Hence, the 
synthetically effect of fast decolorization by active chlorine species 
and deep mineralization by •OH is the most efficient choice for 
organic component degradation. 

3.3 Construction and performance of SPECS 

By integrating of the fabricated R-TENG as power supply and the 
above electrochemical cell for catalytic degradation of organic 
pollutants, a SPECS was constructed. The whole setup is schematically 
displayed in Fig. 4(a). The electric power output from the TENG 
directly determines the limit of molecule amount taking part into 
electrochemical reaction within a certain time. Though the TENG 
provides an ultrahigh voltage in open-circuit situation, the mis-
matching of the internal resistance of R-TENG and the apparent 
resistance of electrochemical cell can result in great decline of power 
output from TENG, which is a distinguished difference from the 
situation powered by a DC power supply [42, 43]. Thus, power 
management is needed for SPECS. Transformer was used for the 
aim of increasing current intensity in electrochemical system. Rectifier 
was used to change the alternating current (AC) output from 
R-TENG to DC for electrochemical reaction. After transformation, 
the peak VOC dropped to 3 V and the peak ISC increased to 0.6 mA 
(Fig. S11 in the ESM) at 1,400 rpm. Without power management 
(Fig. 4(b)), the voltage applied on electrochemical system was only 
0.85 V, and the flowing current was 27 μA on average. After power 
management, the output power intensity was improved by 3.5 times. 
A voltage of 1.26 V and current of 60 μA on average could be 
employed to initiate the subsequent catalytic degradation reaction.  

It is remarkable for organic contaminant degradation in the 
constructed SPECS, although the effect is not so excellent as that 
under the driven of DC power source. Figure 4(c) shows that 50 mL 
of RhB solution with a concentration of 4 mg/L can be thoroughly 
decolorized within 40 min after power management. As for a contrast 
in Fig. 4(d) and Fig. S12 in the ESM, after 70 min, there is still at 
least 10% RhB remained in solution without power management. 
According to some previous works [25, 31, 44], increased voltage from 
the unmanaged value to managed value will restrain the activity of 
electrochemical cell by increasing the probability of side reactions 
and the pH value of electrolyte solution. However, according to the  

 
Figure 3 Electro-generation of H2O2 on GF-3 cathode (a) under different applying current intensities, (b) in solution with different pH values and (c) at different 
atmospheres. Conditions: (a) pH = 7, air; (b) 8 mA/cm2, air; (c) pH = 7, 8 mA/cm2. (d) Decomposing of H2O2 for ·OH generation under the catalysis of Fe2+ ions. 
Current intensity: 8 mA/cm2, Fe2+ concentration: 0.01 M. (e) LSV in NaCl electrolyte solution with or without Fe2+ catalytic effect. (f) The comparison of remained 
TOC content within 75 s in different RhB solutions. 8 mA/cm2, pH = 7, 50 mL RhB, 50 mg/L. 
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Figure 4 Setup and application of SPECS. (a) The setup of SPECS consisting  
of three main parts: R-TENG, circuit, electrochemical cell. A transformer and a 
rectifier are included in circuit. (b) The voltage applied on and current flowing 
through the electro-chemical cell without and with power management. Rectified 
means only rectifier was used to change the AC to DC. Absorption spectra of (c) 
RhB dye, (e) MB dye and removal efficiency of (d) RhB, (f) MB in SPECS as a 
function of time. Insert photos show the direct change of (c) RhB and (f) MB 
solution in visual at different periods. RhB: 50 mL, 4 mg/L; MB: 50 mL, 5 mg/L.  

LSV results in Figs. 2(d) and 3(e) and electro-generation of H2O2 in 
Fig. 3(a), GF-3 cathode can still take full use of the injected electrons 
for O2 reduction to generate H2O2. Meanwhile, Cl− ions oxidation 
over Pt sheet anode for active chlorine generation is promoted. 
Besides, these electrochemical characterizations are based on the 
traditional DC power source, and the current intensity is related to 
power voltage, electrode resistance, bulk resistance, interface resistance 
of electrode and bulk solution. Though the voltage is raised to 1.26 
from 0.85 V, the current flowed in the constructed SPECS is still 
dozens of microamperes. Cooperated reasons contribute to this 
phenomenon. The above SPECS provides a deep mineralization 
force for organic pollutants deconstruction, which is essentially 
different from the transformation from azo to quinoid compounds 
using a hybrid nanogenerator in another previous work [45]. This 
SPECS is also universal for the treatment of organic compounds, as 
the proof of MB degradation at a quasi-first-order kinetics rate of 
0.023 min−1 evidenced in Figs. 4(e) and 4(f) and Fig. S13 in the ESM.  

3.4 Application of SPECS for organic contaminant 

degradation 

Furthermore, a WR-TENG was fabricated to replace the motor- 
driven R-TENG for the demo application of SPECS. Figure 5(a) 
exhibits a photo of the fabricated WR-TENG. The Cu-deposited 
disk-shape PCB with 32 intervals was used as the stator, while the 
FR4 glass fiber board adhered with PTFE film (100 μm in thickness) 
acted as the rotator. At the top of rotator shaft, a blade unit was 
fixed for wind energy harvesting. 21 nC of QSC (Fig. 5(b)), 50 V of 
VOC (Fig. S14 in the ESM) and increasing peak ISC (Fig. 5(c)) are  

 
Figure 5 SPECS driven by WR-TENG. (a) A photo of WR-TENG for SPECS. 
(b) QSC of the WR-TENG when the wind speed was 6.2 m/s. (c) The peak ISC of 
the WR-TENG at different wind speeds. The insert is the specific current output 
when the wind speed was 6.2 m/s. (d) Removal efficiency of RhB in SPECS 
powered by WR-TENG as a function of time. Wind speed: 6.2 m/s; RhB: 25 mL, 
3 mg/L. 

generated from the fabricated WR-TENG under the wind driven. 
By constructing the SPECS by integration of WR-TENG and the above 
electrochemical cell, RhB dye is degraded at a quasi-zero-order 
kinetics constant of 0.021 mg/(L·min), and a removal efficiency of 
87.5% within 120 min (Fig. 5(d)) at the wind speed of 6.2 m/s. 
Despite this degradation effect is not so apparent as the condition 
driven by a motor in Figs. 4(c) and 4(d), the result is sufficient to 
prove the concept of SPECS for organic contaminant purification 
by harvesting distributed mechanical energy in environment. 

4 Conclusions 
In this work, a concept of SPECS for environmental remediation by 
harvesting distributed mechanical energy was proposed. The SPECS 
consists of three parts, including a R-TENG for electric power 
generation, an electrochemical cell for efficient active H2O2, •OH, 
chlorine species generation and organic compounds degradation, and 
power management unit for electric power optimization. By integrating 
the above components, the SPECS was constructed. After power 
management, the integrated R-TENG provides 3.5 times of electric 
power for the function of electrochemical cell. This SPECS can 
efficiently degrade RhB and MB in neutral condition without any 
O2 aeration. Furthermore, a wind-driven SPECS demonstrates the 
potential application by harvesting wind energy for contaminant 
treatment. The proposed SPECS extends the application of TENGs 
in electrochemistry field, also offers guidelines for optimization of 
self-powered electrochemical reaction. More importantly, we provide 
a promising strategy based on the conversion from distributed 
mechanical energy to chemical energy for environmental remediation. 
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