
Nano Energy 88 (2021) 106287

Available online 25 June 2021
2211-2855/© 2021 Published by Elsevier Ltd.

Triboelectric plasma decomposition of CO2 at room temperature driven by 
mechanical energy 

Sumin Li a,1, Bao Zhang a,1, Guangqin Gu a, Xiaochen Xiang a, Wenhe Zhang a, Xue Shi a, 
Ke Zhao a, Yifei Zhu b, Junmeng Guo a, Peng Cui a, Gang Cheng a,*, Zuliang Du a,* 

a Key Lab for Special Functional Materials, Ministry of Education, National & Local Joint Engineering Research Center for High-efficiency Display and Lighting 
Technology, School of Materials Science and Engineering, and Collaborative Innovation Center of Nano Functional Materials and Applications, Henan University, Kaifeng 
475004, China 
b Institute of Aero-engine, School of Mechanical Engineering, Xi’an Jiaotong University, Xi’an 710049, China   

A R T I C L E  I N F O   

Keywords: 
Triboelectric nanogenerator 
Triboelectric plasma 
CO2 decomposition 
CO2

− reactive species 
Electron attachment dissociation 

A B S T R A C T   

CO2 conversion into high value-added chemicals and fuels has received considerable attention. However, the 
direct decomposition of CO2 using mechanical energy, which is an important renewable energy, remains chal
lenging. This study realized triboelectric plasma decomposition of CO2 into CO with near 100% selectivity under 
normal temperature and pressure, which could be directly driven by mechanical energy. CO2

− reactive species 
were detected by electron paramagnetic resonance spectra, verifying the existence of electron attachment 
dissociation (EAD) process of CO2 with a lower dissociation barrier. Average electron energy in the triboelectric 
plasma was decreased by modulating the distance and the polarity; thus, EAD proportion in the CO2 decom
position was increased, and a maximum CO evaluation rate of 2.2 μmol h− 1 and an energy efficiency of 5.2% 
from plasma to chemical energy were achieved. This work provides a promising strategy for CO2 decomposition 
using mechanical energy.   

1. Introduction 

While fossil fuels supply large amounts of energy for the modern 
society, their burning directly emits a large amount of greenhouse gases, 
specifically carbon dioxide (CO2), produced in the industrial exhaust, 
automobile exhaust etc., which has caused an increasingly serious 
environmental crisis worldwide [1,2]. As one of the most important 
ways of solving this crisis, decomposing CO2 and converting it into high 
value-added chemicals have attracted widespread attention from re
searchers. The direct thermal decomposition of CO2 into CO is still a 
mainstream method for CO2 conversion [3–5]. Owing to the strong 
thermodynamic stability of CO2, its direct thermal decomposition must 
be achieved at a high temperature above 2000 K, increasing its cost 
[6–8]. Moreover, the energy consumed by high-temperature heating is 
mostly supplied from fossil fuels, and these processes still emit CO2, 
which makes it difficult for thermal decomposition to fundamentally 
solve the problem of CO2 emission reduction [9]. Therefore, directly 
using renewable energy to efficiently convert CO2 into chemical feed
stock or fuel is an ideal strategy for achieving a green and sustainable 

CO2 recovery [10,11]. 
Mechanical energy is a green and cheap renewable energy that is 

widely available in nature. It has many forms, including wind, tide, 
hydropower, and ocean wave [12–18]. Triboelectric nanogenerator 
(TENG) is now becoming an emerging technology that converts me
chanical energy into electrical energy and can efficiently collect irreg
ular mechanical energy that widely exists in nature [19–23]. TENG is 
characterized with high voltages, which can directly breakdown the gas 
and produce plasma [24–27]. The high-energy electrons in plasma can 
interact with chemical molecules, forming highly reactive species or 
directly breaking chemical bonds. Therefore, plasma is endowed with an 
outstanding technical advantage in decomposing highly stable mole
cules, such as CO2 and N2 [28,29]. For example, plasma technology has 
been successfully applied in CO2 decomposition and the selectivity for 
the direct decomposition of CO2 into CO is low [30,31]. However, 
traditional plasma technology requires complex plasma generators and a 
sophisticated electrical control system. More importantly, it cannot be 
directly driven by renewable mechanical energy [32]. The plasma 
powered by a TENG, which is called a triboelectric plasma, was recently 
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applied in the reaction of converting nitrogen into nitrogen oxide 
compounds, achieving atmospheric nitrogen fixation [33,34]. Tribo
electric plasma is directly driven by the widely distributed and effec
tively utilized renewable mechanical energy in nature, which is a 
low-cost, effective, and simple system for generating plasma over a 
wide range of conditions [25,35]. Hence, it is highly desirable to 
decompose CO2 molecules through triboelectric plasma by utilizing 
renewable mechanical energy. 

This study designed triboelectric plasma with a needle-plate 
discharge configuration to realize CO2 decomposition into CO with 
near 100% selectivity under room temperature and normal pressure 
conditions. Electron paramagnetic resonance (EPR) showed that highly 
reactive CO2

− anions were produced during the decomposition process. 
The decomposition barrier of CO2

− anions was calculated as 3.7 eV lower 
than that of neutral CO2 molecules, which can effectively improve the 
activity and energy efficiency of CO2 decomposition. The average en
ergy of electrons in the triboelectric plasma could be reduced by regu
lating the needle-plate distance and corona discharge polarity, which 
was advantageous to the generation of highly reactive CO2

− anions. The 
needle-plate distance (d) was 1.5 mm; thus, the CO2 decomposition to 
CO rate in negative corona was 2.2 μmol h− 1, and a record energy ef
ficiency from mechanical energy to chemical energy was 1.2%. Finally, 
the triboelectric plasma driven by 4.7 m s− 1 wind was demonstrated to 
dramatically decompose CO2. This work provides a novel, sustainable, 
and environment-friendly strategy for converting CO2 into high value- 
added chemicals by utilizing mechanical energy. 

2. Results and discussion 

2.1. Triboelectric plasma CO2 decomposition system driven by 
mechanical energy 

The triboelectric plasma CO2 decomposition system mainly includes 
three parts, that is, a TENG, a gas reactor, and an electrical test system 
(Figs. 1a and S1). When the polytetrafluoroethylene (PTFE) comes into 
contact with metallic copper, negative tribo-charges are formed on the 
PTFE surface, and metallic copper is positively charged. As the PTFE 
rotates, an alternating current output is generated in the external circuit 
transformed into a direct current output through a full-wave rectifying 
bridge and connected with the needle-plate discharge electrodes inside 
the gas reactor filled with pure CO2. The gas is ionized, and the tribo
electric plasma is generated when the output voltage reaches the 
discharge threshold voltage of CO2 gas [36]. For a corona discharge, 
strong excitation and ionization exist near the needle surface with a high 
electric field strength, which is called the ionization zone. The region 
outside the ionization zone is called the migration zone, where the 
electric field intensity is not high enough to cause ionization, and the 
current conduction depends on the ion or electron migration (Fig. 1b). 

A W needle and a Pt plate were used as the discharge electrodes with 
2 mm distance and 200 rpm TENG rotational speed; thus, the electrical 
curves and the CO2 decomposition properties were measured and shown 
in Fig. 1c and d, respectively. The open-circuit voltage of the TENG 
reached 4.5 kV (Fig. S2). As shown in Fig. 1c, when the potential dif
ference between the needle-plate electrodes reached − 0.8 kV, a 
discharge current with a peak of − 10 μA and a duration of 45 ms 
occurred, indicating the triboelectric plasma generation in a negative 
corona discharge. Under this condition, CO2 molecules were 

a

c d

0

1

2

3

Pt AlFeCuAu

etar
n

oitc
u d

or
p

O
C

(μ
m

ol
 h

-1
)

0

1

2

3

4

5

En
er

gy
 e

ffi
ci

en
cy

 (%
)

C O e

b

0.1 0.2 0.3

-20

-10

0

Time (s)

C
ur

re
nt

 (μ
A

)

-1

0

1

2

 V
ol

ta
ge

 (k
V)

PTFE

Cu M
et

al

W

+

+

-

-

-

-

Fig. 1. Triboelectric plasma CO2 decomposition driven by mechanical energy. (a) Schematic diagram of experimental device. (b) Diagram of CO2 decomposition 
induced by triboelectric plasma. (c) Electrical curves of triboelectric plasma when Pt was plate electrode. (d) Activity and energy efficiency from electric energy to 
chemical energy of triboelectric plasma CO2 decomposition. Reaction conditions: rotational speed: 200 rpm; needle-plate distance: 1.5 mm; reaction time: 1 h; room 
temperature and atmospheric pressure. 
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decomposed into CO with near 100% selectivity (Fig. S3), and the 
evaluation rate of CO (rCO) measured by a gas chromatograph (Agilent 
GC7980) reached 1.8 μmol h− 1. Isotope labeling experiments verified 
that the CO gas comes from the reaction gas of CO2, but not from the 
pollutant gas in the CO2 gas or the environment (Fig. S4). The energy 
efficiency (ηele− chem) from electric energy to chemical energy of tribo
electric plasma CO2 decomposition is estimated as follows (1): 

ηele− chem =
rCO∙∆HR

Pave
(1)  

where, ∆HR is the reaction enthalpy of CO2 splitting to CO 
(279.8kJ∙mol− 1), and Pave is the average power of triboelectric plasma 
expressed as: 

Pave =

∫ t
0 V∙I∙dt

t
(2) 

From integrating the measured voltage and the current curves of 
triboelectric plasma in 3 h, Pave was calculated as 3.6 mW. Using the 
measured rCO value of 1.8 μmol h− 1, a ηele− chem value of 3.8% was 
achieved. 

Subsequently, the CO2 decomposition properties were measured and 
plotted in Fig. 1d. The other metal materials (i.e. Au, Cu, Fe, and Al) 
were used as the plate electrodes. Similar electrical curves were ob
tained for different metal plate electrodes (Figs. S5 and S6). The 
measured values of Pave (3.5–3.6 mW), rCO (1.7–1.8 μmol h− 1), and 
ηele− chem (3.8–3.9%) were almost the same as Pt was used as the plate 
electrode. These experimental results show that the CO2 decomposition 
is mainly driven by the triboelectric plasma, and the plate electrode 
materials do not significantly affect the CO2 decomposition properties. 
Hence, in the following experiments, Pt was chosen as the plate elec
trode to study the effects of the triboelectric plasma on the CO2 
decomposition. Moreover, 200 rpm was chosen as the rotational speed, 

as the energy efficiency at 200 rpm rotational speed was the highest 
among the different rotational speeds (Fig. S7). 

2.2. Influence of the d and corona polarity on the CO2 decomposition 
performances 

The d and the polarity of the corona discharge play an important role 
in the triboelectric plasma characteristics. The polarity of the corona 
discharge depends on the polarity of the W needle, and a positive/ 
negative corona should be produced as the W needle connects with the 
positive/negative terminal of the rectifying bridge [37]. Fig. 2a–d show 
the electrical and CO2 decomposition properties of triboelectric plasma 
with various d (1.5, 2.5, and 3.5 mm). First, the case of the negative 
corona is discussed as an example. The discharge voltage decreased 
(Fig. 2a), while the discharge current increased (Fig. 2b) as d dropped 
from 3.5 mm to 1.5 mm. According to Eq. (2), Pave was calculated by 
integrating the product of the discharge voltage and the discharge cur
rent over time, which slowly increased with the decrease of d (Fig. 2c). 
The driving force of CO2 decomposition was provided from the tribo
electric plasma; thus, the measured rCO increased with the increase in 
Pave (Fig. 2c). Moreover, a beyond-linear growth trend was observed 
between rCO and Pave, causing an increased ηele− chem with a reduced 
d (Fig. 2d). As for the case of the positive corona, the trend of the 
discharge voltage, discharge current, Pave, rCO, and ηele− chem with d was 
the same as that of the negative corona. d was 1.5 mm; thus, the rCO and 
ηele− chem of both the negative and positive corona discharges reached the 
optimal value. 

Next, the effect of polarity on the CO2 decomposition was investi
gated. d was 1.5 mm; therefore, the absolute value of the discharge 
voltage of the negative corona (0.80 kV) was lower than that of the 
positive corona (1.45 kV), and the absolute value of the discharge cur
rent of the negative corona (10.5 μA) was higher than that of the positive 
corona (9.8 μA). Pave of the negative corona was 3.6 mW, which was less 

Fig. 2. Influence of the discharge polarity on the CO2 decomposition performance at 200 rpm rotational speed. (a) Voltage curves of positive and negative corona. 
(b) Current curves of positive and negative corona. (c) CO2 decomposition activities and discharge power in the positive and negative corona. (d) Energy efficiencies 
from electric energy to chemical energy of positive and negative corona. 
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than that of the positive corona (4.4 mW). However, rCO of the negative 
corona with a lower Pave (2.2 μmol h− 1) was 1.7 times of the positive 
corona (1.3 μmol h− 1), resulting in the higher ηele− chem for the negative 
corona. Hence, the ηele− chem of the negative corona (5.2%) was 2.2 times 
of the positive corona (2.4%). A similar phenomenon was also obtained 
considering that d was 2.5 and 3.5 mm. The aforementioned results 
demonstrated that the negative corona with a lower Pave exhibited a 
superior activity and an energy efficiency of CO2 decomposition at the 
same d. 

2.3. Detection and theoretical calculation of the reactive species CO2
−

Using a 5,5-dimethyl-1-pyrroline-N-oxide (DMPO) solution as a 
capture reagent, the spin-trapped technology was used to investigate the 
derived reactive species from the CO2 decomposition at different 
discharge polarities. Under the negative corona, a complex and over
lapping multiple-peak signal occurred in the EPR spectrum, (Fig. 3a (I)). 
Through computer fitting and peak splitting, this signal was decom
posed into a 1:2:2:1 (ratio of the peak relative intensity) quartet peaks 
(II) and a 1:1:1:1:1:1 sextet peaks (III) [38,39]. For the quartet peaks, 
αN = αH

β = 15.0 G, which was assigned to DMPO-OH. Here, αN and αH
β 

are the hyperfine coupling constant of N and H spin in DMPO-OH, 
respectively. For the sextet peaks, αN = 15.8 G and αH

β = 19.1 G, 
which was assigned to DMPO-CO2

− . In a comparison of the positive 
corona shown in Fig. 3b, only the characteristic quartet peaks of 
DMPO-OH were observed, and no characteristic sextet spectrum of 
DMPO-CO2

− appeared. These results unambiguously demonstrate that 
CO2

− radicals with high reactivity were only formed in the negative 
corona, which may be the essential prerequisite for the enhanced 

activity and energy efficiency of the CO2 decomposition in the negative 
corona. In addition, in both discharge polarities, the observed 
DMPO-OH was derived from the dissociation of the H2O molecules in the 
DMPO solution, and no⋅OH radicals could be formed in the process of 
the triboelectric plasma CO2 decomposition under a pure CO2 
atmosphere. 

The single-point potential energy curves (PEC) of the CO2 molecules 
and the CO2

− anions were calculated using the theory of CCSD(T) levels 
to illustrate the effect of the CO2

− reactive species on the CO2 decom
position [40,41]. Fig. 3c shows the PECs of the CO2 molecules and the 
CO2

− anions as a function of the O–– C––O bond angle. When the O –– C 
–– O bond angle was 180◦, the potential energy of the free CO2

− anions in 
the gas was 0.8 eV higher than that of the neutral CO2 molecules. This 
process can be expressed in Eq. (3), in which the minimum energy of 
0.8 eV is required because the ground state CO2 molecules are excited 
into the CO2

− anions. 

e+CO2→CO−
2 (3) 

The O –– C –– O bond angle of the CO2
− anions was 135◦; hence, it had 

the lowest energy and the most stable configuration. The results 
revealed that linear CO2 molecules are first excited into the linear CO2

−

anions by electrons, which subsequently relaxed into a more stable 
curved geometry via asymmetric stretching and bending vibrations. The 
curved CO2

− species had a certain lifetime of approximately 50–90 μs in 
the gas phase [42]. 

Fig. 3d shows the PECs of the CO2
− anions and the CO2 molecules as a 

function of the O –– C –– O bond length. The required minimum energy 
was 3.9 eV because the CO2

− anions were decomposed into the CO and 
O− anions (Eq. 4). 

Fig. 3. Detection and theoretical calculation of the CO2-derived reactive species in the triboelectric plasma. (a) Electron paramagnetic resonance (EPR) spectra of the 
reactive species in the negative corona, where curves I–IV are the EPR spectra in the negative corona, simulated EPR spectra of DMPO-OH, simulated EPR spectra of 
DMPO− CO2, and simulated sum of EPR spectra, respectively. (b) EPR spectra of the reactive species in the positive corona, where curves i and ii are the EPR spectra 
in the positive corona and the simulated EPR spectra, respectively. (c) Potential energy curves (PECs) of the CO2 and CO2

− anions as a function of the O––C––O bond 
angle, where the asterisk indicates the equilibrium state. (d) PECs of the CO2 and CO2

− anions as a function of the C–O bond length. 

S. Li et al.                                                                                                                                                                                                                                        



Nano Energy 88 (2021) 106287

5

CO−
2 →CO+O− (4) 

The CO2 molecules were directly decomposed into CO and O atoms 
(Eq. 5); thus, the required minimum energy was 7.6 eV, which is 
consistent with the results in the previous literature [29]. 

CO2→CO+O (5) 

According to above calculation results, the CO2 decomposition has 
two different pathways. The first pathway is defined as the electron 
attachment dissociation (EAD) process, in which the electrons are first 
captured by the electronegative CO2 molecules to form the reactive 
species CO2

− anions (Eq. 3), and the CO2
− anions are dissociated into CO 

and O− anions (Eq. 4) [29,31,32]. The second pathway is defined as the 
electron collision dissociation (EID) process, in which the CO2 molecules 
are directly dissociated into CO and O atoms by the electron collision 
[40,42]. As the CO2

− anions are formed, the frequency of the stretching 
vibration of the O –– C –– O chemical bond is greatly weakened, making 
the bond dissociation easier [42]. Therefore, the minimum energy 
required for the CO2

− anion dissociation in the EAD pathway is 3.7 eV 

lower than that of the EID pathway, making the EAD pathway more 
advantageous in terms of thermodynamics. 

2.4. Simulation of electron density and energy distribution of triboelectric 
plasma 

In the triboelectric plasma, the electron density and the electron 
energy greatly influence the reaction pathway for the CO2 decomposi
tion, but they are not easy to measure from the experiment. Therefore, 
the computer simulations were performed for a better understanding of 
the CO2 decomposition process. Fig. 4a and b show the simulated time 
evolution mapping of the electron density and the electron average 
energy as the negative corona discharge was driven by a TENG at a d of 
1.5 mm (see SI for details). With the increase of time, the electrons 
gradually diffused from the W tip to the plate electrode, and a hemi
spherical plasma channel with 1.5 mm radius was formed at 30 ns. Both 
the electron density and the average electron energy in the hemispher
ical plasma channel gradually decreased with the increase of the dis
tance from the W tip. For example, the electron density and the average 

Fig. 4. Triboelectric plasma simulation. (a) Time evolution of the electron density distribution in the negative corona. (b) Time evolution of the electron energy 
distribution in the negative corona. (c) Time evolution of the electron density distribution in the positive corona. (d) Time evolution of the electron energy dis
tribution in the positive corona. (e) Electron energy distribution function (EEDF) of three representative points both in the negative and positive corona. 
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electron energy around the W tip were approximately 1.0 × 1018 m− 3 

and 7.5 eV, and the corresponding values around the plate electrode 
were approximately 1.0 × 1017 m− 3 and 1.5 eV, respectively. 

Fig. 4c and d depict the time evolution of the electron density and the 
electron average energy for the positive corona. As time passed, the 
electrons were only concentrated near the tip of the W needle. At 30 ns, 
an elliptical region with a radius of only 0.2 mm was formed around the 
tip. The electron density and the average electron energy in the tip–plate 
gap remarkably decreased beyond the distance of 0.2 mm from the W 
tip. The electron density and the average electron energy near the W tip 
were approximately 1.3 × 1018 m− 3 and 11.5 eV, respectively. Howev
er, the two values near the plate electrode were 1.0 × 1015 m− 3 and 
2.0 eV, respectively. 

The normalized electron energy distribution function (EEDF) of the 
negative and positive corona at three representative points was calcu
lated and plotted in Fig. 4e to gain insight into the electron energy 
distribution in the plasma channel. As marked in Fig. 4a and c, the 
distances from points i to iii to the W tip were 0.2, 0.8, and 1.3 mm, 
respectively. These curves show that the average electron energy at 
point i was remarkably higher than that at points ii and iii. For example, 
at point i, the energy of 19% electrons for the negative corona and 42% 
electrons for the positive corona was higher than 7.6 eV. However, at 
points ii and iii, almost all the electrons for both the negative and posi
tive corona had an energy lower than 7.6 eV. In addition, for points ii 
and iii far away from the W tip under the positive corona, the electron 
density sharply decreased, which was approximately three orders of 
magnitude lower than that of point i near the W tip. 

2.5. The dissociation pathways and efficiency of CO2 decomposition 

Fig. 5 depicts the proposed schematic diagrams of the two dissocia
tion pathways of CO2: EAD and EID processes. The EAD process of CO2 
has two dissociation steps: (1) the CO2

− anion is formed in the first step 
with a required energy of 0.8 eV, and (2) the CO2

− anion is dissociated 
into CO and O− anions in the second step with a required energy of 
3.9 eV. The total energy consumed in an entire EAD process was 4.7 eV. 
In the EID process of CO2, CO2 was directly dissociated into CO and O 
atoms in only one step, but the consumed energy of this step was as high 
as 7.6 eV, which was 2.9 eV higher than the total consumed energy of 
the EAD process. Therefore, the EAD process of the CO2 decomposition 
required a lower energy, resulting in a higher energy efficiency 
compared to the EID process. Furthermore, the reaction rate coefficient 
of the EAD process at the same electron density was greater than that of 
the EID process when the average electron energy of the triboelectric 
plasma was below 4.0 eV (Fig. S8). 

The above discussions revealed two dissociation pathways of CO2 

determined by the spatial and energy distributions of electrons in the 
triboelectric plasma. In the negative corona, the electrons were evenly 
distributed in the gap between the W tip and the plate electrodes 
(Fig. 4a). Except for the electrons near the W tip, most electrons in the 
other regions had an energy less than 7.6 eV (Fig. 4b and e), which did 
not have enough energy for the EID process. Hence, the CO2 decompo
sition was mainly dominated by the EAD process, which only occurs 
around the W tip with a low proportion. In the case of the positive 
corona, almost all electrons were distributed near the W tip, and 
approximately 42% electrons had an energy higher than 7.6 eV in such 
region (Fig. 4c–e). Therefore, both the EAD and EID processes are the 
major pathways of the CO2 decomposition. Consequently, the EAD 
process proportion in the negative corona was remarkably higher than 
that in the positive corona, causing the higher activity and energy effi
ciency of the CO2 decomposition in the former. As discussed in Fig. 2, the 
activity and the energy efficiency for both negative and positive corona 
increased as d decreased. At a shorter distance, the inception voltage of 
the corona discharge was decreased (Fig. 2a), which was considered to 
decrease the average electron energy of the triboelectric plasma. Thus, 
the EAD process proportion in the CO2 decomposition increased, 
increasing the activity and the energy efficiency of the CO2 
decomposition. 

In this experiment, the maximum energy efficiency from electric 
energy to chemical energy of CO2 decomposition driven by triboelectric 
plasma in the negative corona discharge was 5.2%. However, the 
selectivity of triboelectric plasma CO2 decomposition into CO was near 
100%, which was much higher than that (50–80%) of traditional corona 
discharge systems (Table S1). The traditional plasma system uses a so
phisticated reaction device and a precision control circuit, and its driven 
energy mainly comes from the thermal power generation. Compared 
with the traditional plasma system, triboelectric plasma system has the 
advantages of broad material sources, lightweight structure, cheap 
production, and easy utilization in a wide range. The energy efficiency 
(ηmech− chem) from mechanical energy to chemical energy of this system 
was calculated as the following Eq. (6): 

ηmech− chem = ηmech− ele × ηele− chem (6) 

According to the literature, the energy efficiency (ηmech− ele) of this 
mode TENG from mechanical energy to electrical energy was 24% [43]. 
Using the calculated ηele− chem (5.2%) of triboelectric plasma system, the 
ηmech− chem was calculated to be 1.2%, which was approximately one or
ders of magnitude higher than that of wave-energy-driven electro
chemical CO2 reduction system (0.5‰) [44]. The lower energy 
efficiency of wave-energy-driven electrochemical CO2 reduction system 
is possibly attributed to the mismatch between the internal impedance 
(~MΩ) of TENG and the electrochemical cell (~Ω), resulting in the 

Fig. 5. Diagrams of the two dissociation pathways for the triboelectric plasma CO2 decomposition.  
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difficulty of transfer of energy from the wave energy to the electro
chemical cell and the poor energy efficiency of overall system [44]. 
However, the triboelectric plasma could effectively reduce the imped
ance of TENG, effectively solving the problem of the impedance 
mismatch and hence increasing the overall energy efficiency [36]. 
Clearly, the triboelectric plasma system recorded by far the highest 
energy efficiency among the mechanical energy-driven CO2 reduction 
systems (Table S2) [44]. It can also directly utilize random mechanical 
energy, which is widely distributed and not effectively utilized in nature. 
As a demonstration, the triboelectric plasma decomposition system 
could use the breeze to decompose CO2, and a CO evaluation rate of 
0.6 μmol h− 1 has been achieved at a wind speed of 4.7 m s− 1 (Fig. S9). 
TENG could collect wind energy, water energy from the environment or 
kinetic energy wasted in the factory to reduce CO2 in the exhaust gas 
produced during the generation process of thermal power. 

3. Conclusion 

In summary, a TENG-based triboelectric plasma decomposition sys
tem was constructed, which utilized cheap and ubiquitous mechanical 
energy to decompose CO2 to CO with near 100% selectivity at normal 
temperature and pressure. In this system, the high-voltage electrical 
output of the TENG could break down gases and generate the tribo
electric plasma. Under the negative corona, the record energy efficiency 
from the mechanical energy to chemical energy of the system was up to 
1.2%. The electrons in the triboelectric plasma were directly transferred 
into the anti-bonding state of the CO2 molecules, forming numerous 
highly reactive CO2

− species. Compared with the direct dissociation of 
the CO2 process, the energy barrier for the CO2

− anion decomposition via 
the EAD process was lowered by 3.7 eV, which effectively boosted the 
CO2 dissociation. Finally, the triboelectric plasma CO2 decomposition 
system could effectively convert greenhouse gases under mechanical 
energy stimulation in external environments. The system had the ad
vantages of being lightweight, simple structure, low cost, easy opera
tion, and convenient application. This study provides a new strategy of 
using renewable mechanical energy to convert CO2 into high value- 
added chemicals. 
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