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of industry and society has resulted in
excessive emissions of harmful gases
such as industrial emissions and vehicle
exhausts.[3–6] In addition, second-hand
smoke is also one of the most important
pollution sources. As one of the harmful
components of tobacco smoke, particulate matter (PM) is mainly composed of
sulfate, nitrate, chloride, organic carbon,
elemental carbon, iron, and calcium.[7,8]
Generally, PMs are categorized according
to the diameter of the particles, which
ranges from several nanometers to tens of
microns.[9] For example, PM 2.5 is defined
as particulate matter with an aerodynamic
diameter less than 2.5 microns.[3] Air purification technology for the removal of PM
from atmospheric pollution is a viable
option, such as simple filtration, nano
adsorption, photocatalytic purification, and electrostatic precipitation.[10–15] Among these de-dusting approaches, electrostatic
precipitation is widely used in industries and indoors. However,
some drawbacks of this approach, including the requirement
for an external high-voltage power and high cost, make it inappropriate for large-scale outdoor usage.
Nature holds enormous energy, and wind energy is a typical
type.[16–19] Utilizing harvested energy from the environment to
purify air, rather than the commercial electricity, is an ideal
solution against the atmospheric pollution. Triboelectric nanogenerator (TENG), originating from the coupling effect of triboelectrification and electrostatic induction, is proved to be a
cost-effective and eco-friendly technology to convert irregular
mechanical energy into electrical energy,[20–24] especially for
low frequency vibrational energy such as wind and wave
energy.[25–29] Furthermore, the high open-circuit voltage is one
typical characteristic of TENG, which can reach several thousand volts easily,[30–32] hence it is promising for removing PM
from the atmospheric pollution using electrostatic effects.[33]
In this work, a practical and economical self-powered highvoltage recharging system is proposed for removing tobacco
smoke in the air. A biomimetic hairy-contact triboelectric
nanogenerator (BHC-TENG) was fabricated to generate a high
voltage exceeding 8.42 KV, which allows the melt-blown cloth of
the filter layer to maintain a constant high potential, ensuring
excellent adsorption of PM 0.5–10 while greater safety than
other high-voltage devices. After charging, the removal efficiencies of the high-voltage recharging system to PM 0.5 and

The most common size range of particulate matter (PM) in tobacco smoke is
1.0 to 5.0 microns; however, a high number of the most harmful PM is as small
as 0.5 micron that is a serious threat to human health, and it is difficult to
remove. There is an urgent need to develop a new purification technology for
high-efficiency removing tobacco smoke with easily construction and low cost.
Here, a method of self-powered high-voltage recharging system is demonstrated by designing biomimetic hairy-contact triboelectric nanogenerator (BHCTENG) for long-lasting adsorption with a wide range from PM 0.5 to PM 10. The
open-circuit voltage of BHC-TENGs reaches 8.42 KV, which can continuously
charge injection to the melt-blown fabric, whose surface potential is able to
maintain nearly 260 V level and create a uniform electrostatic adsorption field
on the surface. This high-voltage recharging system reduces the concentration
of PMs to World Health Organization (WHO) standards, maintaining the purification efficiency of PM 0.5– PM 10 persistently over 90%.

1. Introduction
Air pollution, as one of the major health risks around the
world, is responsible for the premature death of seven million
people each year.[1,2] In the last decade, the rapid modernization
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PM 1.0 both reach 90%, and that of PM 2.5, PM 5, and PM
10 all exceeded 98%. It is a novel application for TENG that is
visualizing the process of the conversion of wind energy into
high-voltage electrical energy to injection charge to enhance the
electrostatic adsorption very nicely. The strategy of the proposed
system is cost-effective and has great potential in commercial
and practical applications for its diversified size and high efficiency, which helps to achieve the goals of environmental cleanliness and carbon neutrality.

2. Results and Discussion
2.1. Structure and Working Principle
The typical application scenario of the self-powered highvoltage recharging system in tobacco smoke was demonstrated
in Figure 1a. A turbine vent shell made of 304 stainless steel
is attached to the top of the smoking room and this construction has been proved to be very waterproof in our previous
work.[34] The photograph of the internal structure is illustrated
in Figure S1, Supporting Information. The turbine unit contains a self-powered high-voltage recharging system inside as
shown in Figure 1b. The three rotors of BHC-TENG are connected by three acrylic tubes (the diameter of the acrylic tube

is larger than that of the rotor), and they are fixed on the top of
the turbine vent shell, so the rotors will rotate with the shell of
the turbine vent; the three stators are fixed on the shaft of the
turbine vent and they cannot rotate. The acrylic tube not only
plays the role of connecting the rotors, but also plays a certain
role in packaging. When the wind from any direction drives the
shell of turbine vent to rotate, it not only removes hot or dirty
air from the room but also drives the BHC-TENG to generate
extremely high voltages. The negative electrode was connected
to the copper-wire mesh shown in Figure 1c, and the positive
electrode was connected to the microneedle array shown in
Figure 1e. The melt-blown fabrics (Figure 1d) are attached to
the surface of the copper wire mesh, ≈10 mm away from the
microneedle array. A strong electric field is formed between the
copper wire mesh and the microneedle array, in which the meltblown fabric is polarized, resulting in a lower surface potential.
As we all know, melt-blown fabric is a good air filter material,
so it is widely used to filter particles in the air. However, meltblown fabric is easy to fail in a humid or dirty environment,
because the potential of the surface decreases or disappears.
We continuously charge the melt-blown cloth by the method
of corona polarization, so that the surface maintains a high
potential and maintains a strong filtering function. The highvoltage power supply and tip discharge required for corona
polarization, the high voltage generated by TENG is input into

Figure 1. Application and architecture of BHC-TENG for integrating a self-powered high-voltage recharging system. a) The concept of self-powered
high-voltage recharging proposed by using BHC-TENGs in the field of tobacco smoke purification. b) Illustrations of BHC-TENGs for harvesting
wind energy and self-powered high-voltage recharging system for purifying air. c) An enlarged diagram of the copper-wire mesh, d) melt-blown fabric,
and e) a microneedle array.
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the microneedle array, the role of the microneedle array is to
discharge the tip to the melt-blown fabric, and the copper mesh
acts as the electrode of the melt-blown fabric.
The major working process of TENGs, such as the friction
between polymer and metal, is mainly manipulated by sufficient contact to increase the surface charge density for better
output performance. In this case, the great resistance between
the friction layers not only makes it difficult to rotate the turbine vents, but also tends to cause mechanical wear in the
relative motion. BHC-TENG operates in a biomimetic hairycontact mode, which can solve the above problems. Figure S3,
Supporting Information, shows the photograph and Scanning
Electron Microscopy (SEM) images of the Fluorinated Ethylene

Propylene (FEP) film surface after ≈5000 testing cycles. When
rabbit hair is used as the friction layer of the TENG, it can
maintain close contact and low friction state with other triboelectric materials during a long-term operation to ensure
high output performance and low wear. Figure 2a shows the
structural details of the BHC-TENG. The electrode disc with a
diameter of 20 cm has a grid-shaped copper foil and FEP as
a friction layer. Similarly, another acrylic disc with the same
dimensions was prepared while its friction layer was rabbit fur.
Fixing the electrode disc to the shaft of the turbine vent, the
fur disc is fixed to the turbine vent shell. Driven by the breeze,
the fur disc rotates together with the housing of the wind cap,
creating a relative movement to the electrode disc fixed on the

Figure 2. Architecture, mechanism, and output performance of BHC-TENGs: a) Material composition of BHC-TENGs, including electrode disk and
fur disk. b) An enlarged schematic diagram of the material composition in the BHC-TENGs. c) Schematics of the four stages in one full electricitygenerating cycle focusing on the charge distributions at the two sector-electrodes. d–f) The open-circuit voltage, the short-circuit current, and the
transferred charges of BHC-TENGs with rotating speed of 200 r min−1. g) The open-circuit voltage, the short-circuit current, and the transferred charges
of BHC-TENGs with different rotating speed (data presented as mean ± SD, n = 5). h) Peak current and peak power of BHC-TENGs with respect to the
load resistance with rotating speed of 300 r min−1. i) Charging voltage on various capacitances for the motor-driven three BHC-TENG.
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shaft. Figure 2b shows an enlarged schematic of the material
composition in the BHC-TENGs. The working mechanism of
BHC-TENG basing on the coupling effect of triboelectrification
and electrostatic induction was shown in Figure 2c. The triboelectrification between the FEP film and furs generates negative
charges on the FEP surface and positive electrostatic charges
on the furs. Owing to the principle of conservation of charge,
the total charge amounts on the furs and FEP are equivalent.
The four states in Figure 2c represent a typical working cycle of
BHC-TENG. With the relative rotation of the fur disk and electrode disk, free charges on the electrodes will be redistributed
between two groups of electrodes through the external load to
balance the change of potential difference. The induced periodically transferred charges between two groups of electrodes will
produce alternating current output due to the periodic structure.
2.2. Electrical Characterizations of BHC-TENG
The output performance of BHC-TENG was optimized for a
standardized dynamic torque measurement system as shown
in Figure S2, Supporting Information. The transferred charges,
short circuit current, and open circuit voltage of BHC-TENG
with several common polymer materials against rabbit furs
were presented in Figure S4, Supporting Information. The
rotation speed of the fur disc was controlled to be 100 rpm
and the dynamic torque was maintaining 0.2 N. m. As can
be seen, the best output performance was obtained by rubbing the rabbit hair against the FEP film, due to the FEP film
contains more F element which has easier access to electrons.
We also tested the parallel connection of different numbers of
BHC-TENGs, and it can be seen from Figure S5, Supporting
Information, that the electrical output improves with the
increasing in the number of BHC-TENG units. In addition,
the number of grids of the electrodes also affects the output
performance. Figure S6, Supporting Information, shows that
the higher the number of grids, the lower the voltage output
for the same area. However, the increase in the number of
grids corresponds to an increase in frequency, so its current
output is increased. To further demonstrate the output performance, three BHC-TENGs were connected in parallel and
tested their output performance. Figure 2d–f shows the opencircuit voltage, short-circuit current, and transferred charges
of three parallel-connected BHC-TENGs at a rotation speed
of 200 rpm, which can reach 11.68 KV, 51.2 µA, and 4.25 µC,
respectively. The open-circuit voltage and short-circuit current
increase with the increasing speed of rotation as shown in
Figure 2g. The open-circuit voltage and the short-circuit current reached to 13.86 KV and 78.35 µA, respectively, when the
rotating speed increased to 300 rpm. The transferred charge is
almost constant due to the contact area does not change. The
electric power of three BHC-TENGs was investigated as shown
in Figure 2h, in which the output power reaches a maximum
value of 203.39 mW at a resistance of about 200 MΩ. When the
rotating speed increased to 300 rpm, the charge density and
power density of the fabricated BHC-TENG was 34.62 µC m−2
and 1656.62 mW m−2, respectively. Figure 2i shows the selfpowered recharging capability for various capacitors, in which
the capacitor of 330 µF can be charged to 12 V in 118 s. For
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different capacitors of 470, 680, and 1000 µF, the voltage can
arrive at 11, 7 and 4.3 V within 220 s, respectively.
2.3. Self-Powered High-Voltage Recharging System
It is well known that commercial melt-blown fabrics are often
used to filter air due to their good charge storage stability at
ambient temperature and humidity conditions. However, when
melt-blown fabrics are exposed to high humidity environment,
anisotropic particles in the atmosphere will compensate the
charge on the fiber, due to the polar groups in the water molecules, resulting in a large loss of charge.[15] This developed selfpowered high-voltage recharging system can solve this problem.
The self-powered system can continuously inject charge to the
melt-blown fabric, and the charge injection principle is shown
in Figure S7, Supporting Information.[35,36] Under the action
of the electric field applied by BHC-TENG, the melt-blown
fabric and copper mesh electrodes are negatively and positively
charged, respectively, with the same surface charge density.
The schematic diagram of the high-voltage-recharging system
working was shown in Figure 3a, and the photograph of BHCTENG for wind energy harvesting measurement system as
shown in Figure 3b. BHC-TENG can work at a minimum wind
speed of 2.5 m s−1 as shown in Video S1, Supporting Information. Figure S8, Supporting Information, shows the output
performance of the BHC-TENG, the open-circuit voltage, shortcircuit current, and transferred charge were 3.54 KV, 2.12 µA,
and 1.16 µC, respectively. It can be seen from Figure 3c that
open-circuit voltage, short-circuit current, and transferred
charge increase to 8.45 KV, 5.17 µA, and 1.43 µC, respectively,
as the wind speed increases to 8 m s−1. The output power of the
BHC-TENG reached the maximum value of 6.6 mW at a resistance of about 1000 MΩ. Under the wind speed of 8 m s−1, the
charge density and power density of the fabricated BHC-TENG
was 11.65 µC m−2 and 53.76 mW m−2, respectively. Figure 3e
shows the charging capability of three BCH-TENG to various
capacitor at the wind speed of 8 m s−1. The capacitor of 22, 33,
and 47 µF can be charged to 10 V in 88, 137, and 168 s, respectively. For the capacitor of 100 and 220 µF, the voltage can arrive
at 8.5 and 4.1 V within 300 s, respectively. Figure S9, Supporting Information, shows the open-circuit voltage of BHCTENG under the different humidity, the humidity has little
effect on its output performance. Furthermore, the BHC-TENG
exhibits a good mechanical stability as shown in Figure S10,
Supporting Information. It can continuously work for more
than 60 000 cycles without obvious decrease. When melt-blown
fabrics are exposed to dust particles for a longer duration, it
results in a large loss of charge and the surface potential of the
melt-blown fabric decreases. It can be seen from Figure S11,
Supporting Information, that the surface potential of the meltblown fabric decreased to almost 0 V when it was exposed to
dust particles for 2 h. Figure 3f–i shows the surface potential of
the melt-blown fabrics after corona charging by BHC-TENGs
under the wind speed of f) 0, g) 4, h) 6 and i) 8 m s−1. The
surface potential of the melt-blown fabric also increases with
increasing wind speed due to the open-circuit voltage of the
BHC-TENG increases with increasing wind speed. The opencircuit voltage of BHC-TENG reached to 4.38 KV when the
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Figure 3. Application demonstrations of BHC-TENG for harvesting wind energy. a) Schematic diagram of BHC-TENG working. b) Schematic diagram
of BHC-TENGs measurement system. c) The open-circuit voltage, the short-circuit current, and the transferred charges of BHC-TENGs under different
wind speed (data presented as mean ± SD, n = 5). d) Peak current and peak power of BHC-TENGs with respect to the load resistance under wind
speed of 8 m s−1. e) Charging voltage on various capacitances for the wind-driven BHC-TENGs. f–i) The surface potential of the melt-blown fabric after
corona charging by BHC-TENGs under the wind speed of 0, 4, 6, and 8 m s−1.

wind speed increased to 8 m s−1, the surface potential of the
melt-blown fabric reaches up to nearly 260 V level.
An acrylic tube with a diameter of 25 cm was divided into
two sections by the filter layer, with a particle counter placed
at the left and filled with a certain concentration of cigarette
smoke (Figure 4a), then the port is blocked with an acrylic
plate. The right part is kept open to the outside for air exchange
under external air flow conditions to verify the performance of
the self-powered system (Figure 4b). From Figure 4c, different
diameters of PM appear in the device, with relatively high concentrations of PM 2.5, PM 5.0 and PM 10.0, which are more
hazardous to human health. Figure 4d compares the rate of
decrease of PM 1.0 concentration with and without TENG drive.
Without the BHC-TENGs driving, the PM 1.0 concentration
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decreases from 444.68 to 87.57 µg m−3 in 12 min, while with
the driving of BHC-TENGs, PM 1.0 concentration decreases
from 442.38 to 39.38 µg m−3. It can be seen from Figure 4e
that the concentration of PM 2.5 decreased significantly faster
with three BHC-TENGs than without its driving. Without the
BHC-TENGs driving, the PM 2.5 concentration decreases from
2891.09 to 1593.35 µg m−3 in first 2 min; while with driving of
BHC-TENG, the PM 2.5 concentration decreases from 3458.87
to 1326.38 µg m−3. This result shows that the purification
efficiency was doubled compared to the case without BHCTENGs, showing the effect of electrostatic field enhanced purification. The change curves of the residual concentration from
PM 0.5– PM 10.0 driven by the BHC-TENGs and without are
shown in Figure 4f. Not only for PM 2.5, it is clearly seen from

2202835 (5 of 9)

© 2022 Wiley-VCH GmbH

www.small-journal.com

www.advancedsciencenews.com

Figure 4. Performances of self-powered high-voltage recharging system based on the BHC-TENGs. a) Photograph of the tobacco smoke. b) Photograph
of the self-powered high-voltage recharging system. c) The initial concentration of different diameter of PM in the container. d,e) The concentration
changes in d) PM 1.0 and e) PM 2.5 degradation process with and without BHC-TENGs. f) The residual concentration changes of PM 0.5–10.0 in the
decrease process with and without the BHC-TENGs. g) The removal efficiency of different PM with and without BHC-TENGs. h) The residual concentration of different PM at the end with and without BHC-TENGs.

Figure 4f that when the filter is driven by the BHC-TENGs, the
concentration of all diameter of PMs but also decreases significantly faster than it was not driven. Besides, as shown in
Figure 4g, the removal efficiency of the self-charging system for
PM 0.5–10 maintains above 90%, which is significantly higher
than without the BHC-TENGs driving. We calculate the efficiency according to the following formula:

η=

C0 − C
× 100%
C0

(1)

where Co and C represent the initial and final concentration (µg m−3) of particles in the acrylic box, respectively.
Figure 4h compares the results of the high-voltage-recharging
system after 12 min of purification with and without driving.
The results showed that the content of PM of various sizes
decreased at the same time after the work of the self-powered
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system, which was reduced to the standard of the World Health
Organization (WHO).[37] When the wind-driven turbine vent
shell rotates, it will drive the work of BHC-TENG. The high
voltage generated by BHC-TENG will be discharged through
the tip of the microneedle array. The tip discharge will not only
make the surface of the melt-blown fabric carry more charges
and enhance its electrostatic adsorption, but also, the tip of the
microneedle array discharges the surrounding particles at the
same time, causing the particles to be charged and more easily
adsorbed by the melt-blown fabric.
Figure 5a,b shows the schematic illustration for the highvoltage recharging system in smoking room. The volume
of 0.216 m3 acrylic box is connected to a 50 cm diameter turbine vent at the top. There is a 5 cm rectangular window on
the side where this system is placed. We also studied the purification effect in the case of continuous PM release from the
surrounding environment. A burning cigarette is placed at the
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window of the acrylic box, and when the turbine vent rotates
at the wind speed of 6 m s−1, the internal air flows upward
and exits the box through the unpowered air cap. Figure 5c
shows the residual concentration of PM 0.5–10 change. The
working process is shown in Video S2 and Figure S15, Supporting Information. It can be clearly seen that when the
high-voltage-recharging system is driven by BHC-TENGs,
the concentration of PM of various particle sizes inside the
acrylic box is significantly lower than that without the TENG
driving the high-voltage-recharging system. The tip of the
microneedle array discharge not only makes the surface of
the melt-blown fabric more charged and enhances its electrostatic adsorption ability, but also the tip of the microneedle
array discharges the surrounding particles at the same time,
so that the particles are charged and more easily adsorbed by
the melt-blown cloth. Therefore, when the outside air enters
the acrylic box through the melt-blown fabric, a lot of PMs
in the air are adsorbed by the melt-blown fabric, resulting in
cleaner air entering the acrylic box. Under the driving of three
BHC-TENGs, the concentration of PM 2.5 is almost always
lower than 50 µg m−3; while without BHC-TENGs driving,
the concentration of PM 2.5 decreases slowly, and can only
be reduced to 50 µg m−3 after 175 s of purification. Because
the air flow rate around the cigarette is unstable, resulting in
the amount of cigarette smoke entering the acrylic box inside
is also unstable, so the PM drop curve is not smooth. We also
compared the effects of different air speeds on PM purification.
As can be seen in Figure 5d, the remaining PM concentrations
for various particle sizes are significantly lower at high wind
speeds than at low speeds. The original is that when the wind
speed is increased, the output voltage of the BHC-TENGs is
higher and more effective for PM purification. Therefore, the
removal efficiency of PM is higher at high wind speed than at
low wind speed (Figure 5e). The removal efficiency of the highvoltage-recharging system for PM 2.5 reached to 64.67% and
the residual concentration was 19.62 µg m−3. Figure 5f shows
the change of PM concentration of various particle sizes at different wind speeds, which is obvious as PM concentrations
decreased faster at high wind speeds than at low wind speeds.
To further test the performance of this self-powered system, we
doubled the concentration of PM and lit two cigarettes at the
same time and placed them at the window of the acrylic box. As
can be seen from Figure 5g, the high-voltage-recharging system
maintains a good purification performance even if PM concentration increases. Under the driving of three BHC-TENGs,
the PM concentrations of all particle sizes were almost always
lower than 50 µg m−3. When the pollution source concentration added to three times, the residual concentration changes
of PM0.5–10.0 in the removing process with and without BHCTENGs were shown in Figure S12, Supporting Information.
We can see that the residual concentration change was not
obvious with or without BHC-TENGs. The changes before and
after the purification of the melt-blown fabric were shown in
Figure S13, Supporting Information. It is seen that the surface
color of the melt-blown fabric becomes darker as the purification time increases. Figure S14, Supporting Information, shows
the SEM images of the melt-blown fabric filtering PM before
filtration (Figure S8a, Supporting Information) and after filtration for 4 h (Figure S8b, Supporting Information). We can
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see that the melt-blown fabric was clean in the Figure S8a,
Supporting Information, and smooth, because the melt-blown
fabric has adsorbed some PMs, so it looks rougher, as shown in
Figure S8b, Supporting Information.

3. Conclusion
In summary, we proposed a unique self-powered tobacco smoke
purification technology that is capable of effectively removing
PMs in air, especially more harmful range of PM 0.5-2.5. The
developed high-voltage recharging system based on the BHCTENGs not only fully utilizes the wind energy, but also shows
advantages in effectiveness, easy machining, easy maintenance,
low cost, and light weight. With the BHC-TENGs driving, the
removal efficiency of the high-voltage recharging system for
PM 0.5–10 maintains over 90%, in which PM concentrations of
all sizes in tobacco smoke were reduced to the WHO standard.
More importantly, this system is self-powered and a standalone
operation completely. This work demonstrates the high-voltage
applications of BHC-TENG, which are expected to bring a great
opportunity for removing PM hazard from tobacco smoke,
opens new avenues for self-powered cleansing services in haze
prevention and air purification, and may profoundly influence
global air governance of public environment.

4. Experimental Section
Fabrication of BHC-TENG Unit: The TENG unit was composed of
two parts: a fur disk and an electrode disk. For the electrode discs, the
outer and inner diameters of the circular acrylic substrate were 200 and
30 mm, respectively. A copper foil was attached to one side of the
acrylic, and a copper strip with a width of 6 mm was removed through
the center of the circle, so the copper foil was divided into two parts
and linked to the wires separately, and then a 30 µm thickness FEP film
was adhered to the copper layer as a friction layer. For the fur disc, the
same acrylic substrate as the electrode disc was affixed with rabbit fur
with the area of one copper foil in the electrode disc. The wind was
produced by a commercial air blower, and the wind speed was tested
by an anemometer (THINRAD TA-1). The short-circuit current and
transferred charges were measured by a current preamplifier (Keithley
6514 System Electrometer), while the output voltage directly produced
by the BHC-TENG was measured using a mixed domain oscilloscope
(HVP, Tektronix MDO3000s). Keithley 6514 electrometer was used as
an ammeter in series with a resistor (100 GΩ) to measure the voltage
of BHC-TENG, considering that the measured voltage exceeded the
maximum range of the electrometer voltage range. The surface potential
of the melt-blown fabric was measured by an electrostatic voltmeter
(Trek 347). A 2D displacement platform (Zolix KSA100-11-X for each
dimension) was used for scanning in the potential measurement. Then
imported the data into origin software for plotting.
Fabrication of Self-Powered High-Voltage Recharging System: Fixing the
microneedle at 1 cm, another on the acrylic plate, and connecting all
the microneedles in series to form a microneedle array; then removed
the excess acrylic to ensure the passage of air. The copper-wire mesh
electrode was attached to the back of the melt-blown fabric and the
microneedle array electrode was placed above the melt-blown fabric at
a vertical distance of about 1 cm. With three parallel groups of BHCTENG through the rectifier bridge, the positive electrode was connected
to the microneedle array and the negative electrode was connected to
the copper-wire mesh. The surface potential of the melt-blown fabric
was measured by an electrostatic voltmeter (Model 344, Trek Company,
USA). A handheld particle counter (Hand-held 3016-IAQ, Lighthouse,
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Figure 5. Applications of self-powered high-voltage recharging system for removing tobacco smoke with a wide range of PM 0.5–10. a) A schematic
illustration showing the proposed the BHC-TENGs for self-powered high-voltage recharging in smoking room. b) Photograph of the self-powered
high-voltage recharging system. c) The residual concentration changes of PM 0.5–10.0 in the removing process with and without BHC-TENG. d) The
residual concentration of PM 0.5–10.0 through the high-voltage recharging system under different wind speeds. e) The removal efficiency of different
diameters of PM. f) The percentage of residual concentration change of PM 0.5–10.0 in the removing process with and without BHC-TENGs. g) The
residual concentration changes of PM 0.5–10.0 in the removing process with and without BHC-TENGs.
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USA) was used to measure the PM concentration before and after
purification. The removal efficiency was calculated by comparing the PM
concentration before and after purification.
Statistical Analysis: All data were processed by Origin software. The
residual concentration (%) was calculated according to the following
formula:

η=

C
× 100%
C0

(2)

where Co and C represent the initial and final concentration (µg m–3)
of particles in the acrylic box, respectively. The data of open-circuit
voltage, the short-circuit current, and the transferred charges of BHCTENGs were expressed as Means ± SD, the sample size for each
statistical analysis was 5. Statistical analysis was performed by Origin
(version 8.0).
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