
3582 | Mater. Adv., 2020, 1, 3582--3588 This journal is©The Royal Society of Chemistry 2020

Cite this:Mater. Adv., 2020,

1, 3582

A prototype for catalytic removal of formaldehyde
and CO in a compact air cleaner powered by
portable electricity†

Yexin Zhang, *ab Xueyi Mei,ab Jiao Wang,a Chunlin Chen, ab Xingbao Zhu,ab

Gongjun Zhanga and Jian Zhang*ab

We proposed a prototype which can directly be powered by portable electricity for the catalytic removal

of formaldehyde and CO. A compact air cleaner equipped with a conductive Ag–SnO2 catalyst and the

corresponding reaction system were assembled, featuring a circuit to allow electric current to pass

through the catalyst with Joule heating. The removal performances were superior to the thermal heating

counterpart and the electricity was found to suppress CO poisoning, which was preliminarily attributed

to the electron transport between Ag and SnO2.

1. Introduction

Formaldehyde (HCHO) mainly from indoor sources and CO
mainly from mobile sources are two of the most commonly
encountered hazardous air pollutants, and the long-term expo-
sure to either of them at the ppm level can lead to adverse
health effects in humans. The former can cause irritation of
eyes, nose and the respiratory tract, headache, pulmonary
diseases, and even cancer1 while the latter can exacerbate heart
disease and cause neurological damage.2 The risks of exposure
to the pollutants are increasing in modern society, and a
personal, compact and portable air cleaner is promising to
minimize the risks. In order to realize a cleaner, two important
preconditions should be met including a facile abasement
technique and an accessible energy source.

As one of the mainstream abasement techniques, complete
catalytic oxidation can convert HCHO and CO to harmless CO2

and/or H2O, which can even be achieved at room temperature on
some noble metal catalysts, such as Pt,3 Pd,4 Rh5 and Au.6 But the
high cost and the susceptibility to toxicity of these noble metals
limit their widespread practical applications. For most other
catalysts, elevated temperatures are required to enhance the
oxidation reaction rate. External heating to elevate temperature
is energy-intensive and not available for portable devices. Because

of the general availability of portable electric power, there is huge
interest in the electrification of pollutant abatements, which can
be rid of external heating sources. Wang’s group have developed a
technique of electrothermal regeneration for HCHO removal over
MnO2 decorated with carbon cloth7 and a carbon membrane,8

which can provide Joule heat to accelerate the HCHO oxidation.
Yu’s group9 achieved energy-efficient catalytic removal of HCHO
enabled by precisely Joule-heated Ag/Co3O4@mesoporous-carbon
monoliths, in which the energy consumption can be drastically
reduced by 87%. These works inspire us to utilize portable
electricity to eliminate HCHO and CO, and develop a prototype
reactor with a conductive catalyst which does not only depend on
the Joule heating from the conductive supports.

Here, a prototype of a compact air cleaner powered by
portable electricity was designed and assembled to eliminate
HCHO and CO, in which a relatively inexpensive and conductive
material, Ag-SnO2, was employed as a catalyst. In the prototype,
the electric current with low voltage below 5 V, which can be
provided by a common portable electric power supply, can pass
through the catalyst and thereby trigger the oxidations of HCHO
and CO. The performances of eliminating the two pollutants
were superior to the thermal heating way. In the studies of CO
oxidation as a probe reaction, we found that the electricity could
prevent CO poisoning and preliminarily attributed the poisoning
to the electron transport between Ag and SnO2.

2. Experimental
2.1 Assembly of a prototype reactor and a reaction system

A reactor, i.e. the prototype of a compact air cleaner, was
home-made based on a cross type and opened glass pipe as
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schown in Fig. 1a. Two copper electrodes with 6 mm diameter
disks on their ends were sealed and mounted within the two
arm tubes by two silicone pieces of rubber, respectively. The
opposite disks of both electrodes were 6 mm apart and were
aligned with the inner wall of the vertical tube. The catalyst
was accommodated in the room between the two electrodes
and was tightly packed using quartz wool within the vertical
tube, along which the reaction gas can flow through the
catalyst bed. In order to measure the reaction temperature,
as shown in the side view in Fig. 1b, a calibrated K-type
thermocouple kept in a thermowell was inserted into the
catalyst bed, and was fixed through a silicone rubber within
a branch tube. A reaction system was assembled via the
connections of some devices as shown in Fig. 1c. The electro-
des of the reactor were connected to an adjustable direct
current (DC) power supply (Korad KA6003P) via two wires
forming a circuit while the thermocouple was connected to a
temperature indicator (AI-501, Xiamen Yudian, China). The
reaction gas, which was controlled in the flow rate using a
mass flow meter (D08-3F, Sevenstar, Beijing, China), passed
through the reactor and then flowed into an infrared gas
analyzer (Talantek TY9000) for the analysis of the CO and
CO2 products in the effluent. All the digital signals from the
devices were conveyed to a computer with self-programmed
software for the reaction system to control the DC power, and
to collect the data including the CO and CO2 concentrations,
the catalyst temperature, and the input voltage and current.

2.2 Ag–SnO2 catalyst preparation

The Ag–SnO2 catalysts were synthesized in a hydrothermal
process.10 Taking the sample with 50 wt% Ag content as an
example, ammonia water was dropped into a solution of
dissolving 3.15 g of AgNO3 (AR, Kermel, China) in 2 mL of
deionized water, forming a silver–ammonia complex. The silver–
ammonia solution was added with 3.54 g of Na2SnO3�3H2O (AR,
Kermel, China) dissolved in 20 mL deionized water. The silver–
ammonia–Na2SnO3 complex was mixed with 4.68 g of oxalate
dihydrate (AR, Kermel, China) dissolved in 50 mL deionized
water and stirred. The resulting solution was transferred into a
high pressure autoclave to react for 4 h at 160 1C. The produced
gray powders were washed and filtered, and then dried for 10 h at
100 1C. Note that the Ag content was 50 wt% in the catalyst unless
otherwise specified.

2.3 Catalyst characterization

The X-ray diffraction (XRD) patterns of the catalysts were
recorded on a Bruker D8 Advance diffractometer employing Cu
Ka radiation (k = 1.5418 Å) operating at 40 kV and 40 mA. The
elemental composition of the catalyst was determined using
X-ray fluorescence (XRF, S8 Tiger Bruker). The X-ray photoelectron
spectroscopy (XPS) tests were carried out on an AXIS ULTRADLD
Multifunctional X-ray Photoelectron Spectroscope with an Al Ka
radiation source at room temperature and under a vacuum of
10�7 Pa (10�9 Torr). The starting angle of the photoelectron was

Fig. 1 (a and b) Schemes of the designed prototype reactor powered by electricity in front (a) and side (b) views. (c) Diagram of assembling the reaction
system via connections of some devices including the prototype reactor (i), DC power (ii), temperature indicator (iii), infrared gas analyzer (iv), and
computer (v) with self-programmed software to control the DC power and to collect the reaction data. (d and e) XRD pattern (d) and Ag 3d XPS spectrum
(e) of the Ag–SnO2 catalyst. (f) HRTEM image of the Ag–SnO2 catalyst with extracted Ag(111) in red color. (g) SAED pattern of the Ag–SnO2 catalyst.
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set at 901, and the spectrum was calibrated with a C1s spectrum
at 284.6 eV. The high-resolution transmission electron micro-
scopy (HRTEM) images were acquired by using a JEOL JEM-
ARM200F microscope operated at 200 kV. The analysis of energy
dispersive spectroscopy (EDS) on a scanning electron micro-
scope (SEM) was performed using a Thermo Scientific Verios G4
UC field-emission scanning electron microscope.

2.4 Performance tests for the removal of HCHO and CO

The elimination of formaldehyde (HCHO) and CO was con-
ducted over the Ag–SnO2 catalysts in the designed prototype
reactor. The pollutants were carried into the reactor in a flow of
10 vol% O2 in N2 (Ningbo All Force Gas, China) at a gas hourly
space velocity (GHSV) of 18 000 h�1. The reaction gas was
humidified to 62% relative humidity at 25 1C by bubbling water
in an oil bath kept at 33 1C. For the test to eliminate HCHO,
around 180 ppm HCHO vapor was obtained by passing the flow
of O2/N2 over 0.5 g of paraformaldehyde (AR, Sinopharm,
China) in a container immersed in another oil bath kept at
25 1C. For the test to eliminate CO, around 5620 ppm CO was
introduced into the flow of O2/N2 by controlling the flow rate of
pure CO (Ningbo All Force Gas, China). The DC power supplied
electricity to the reactor to trigger the reactions. CO2 and CO
products in the effluent were online detected by an infrared gas
analyzer and the catalyst temperatures were measured via a
thermocouple inserted into the catalyst bed. The HCHO con-
version was calculated from a carbon balance, i.e., 1 mole
HCHO forms 1 mole CO2.11 The upper limits for the detection
of CO2 and CO products are 10,000 ppm. For comparison, the
electricity-free oxidations of the pollutants at the same tem-
peratures as those induced by Joule heating were carried out by
heating the prototype reactor in a tube oven.

Using a similar reaction system, a steady-state test for HCHO
removal lasting for 10 h was carried out with 0.5 A current, in
which the reaction gas was replaced by air and the remaining
HCHO was determined by a phenol spectrophotometric method.12

2.5 In situ Raman characterization for CO adsorption

In situ Raman spectroscopy was carried out to investigate CO
adsorption over the catalysts with a Renishaw inVia-reflex spec-
trometer equipped with a Teflon cell. A self-supported wafer of
the catalysts with a thickness of 2 mm was sealed into the cell,
and two copper electrodes were inserted into the cell to contact
the two sides of the sample in the thickness direction, serving for
the introduction of the electric field. Prior to the test, the pristine
spectrum of the sample was recorded. For CO adsorption, the
pure CO gas in 20 mL min�1 passed through the cell and the
spectrum was recorded. The electric fields with 0.5 and 1 V were
applied on the sample in a flow of pure CO when the spectra
were recorded for the CO adsorption with electricity.

3. Results and discussion
3.1 Characterization of the Ag–SnO2 catalysts

The XRD pattern of the Ag–SnO2 catalyst (Fig. 1d) shows
two phases of Ag (JCPDS 04-0783) and SnO2 (JCPDS 41-1445).

Two electronic states of surface Ag were distinguished by
deconvoluting the Ag 3d spectrum (Fig. 1e), including Ag0 (Ag
3d3/2 at 374.5 eV and Ag 3d3/2 at 368.5 eV) and Ag2+ (Ag 3d3/2 at
374.0 eV and Ag 3d3/2 at 368.0 eV),13 suggesting the presence of
surface AgO on the bulk metallic Ag of the catalysts. The
HRTEM image of the Ag–SnO2 catalyst (Fig. 1f) shows the
lattice fringes of stacked nanoparticles at around 6 nm in size.
The Ag(111) fringes with a d-spacing of 0.236 nm were extracted
in red with the help of a masking step and an inverse fast
Fourier transform.14 The presence of several intermittent
Ag(111) fringes and their weak diffraction ring in the selected
area electron diffraction (SAED) pattern (Fig. 1g) implies the
covering of SnO2 nanoparticles on Ag nanoparticles, which was
confirmed by the lower surface Ag/Sn atomic ratio (0.25)
estimated by XPS than the bulk ratio (1.37) determined by
XRF for the Ag–SnO2 catalyst. The EDS-SEM analysis of the
catalyst (Fig. S1, ESI†) shows that both kinds of nanoparticles
were homogenously dispersed with each other. The intimate
contact between Ag and SnO2 nanoparticles could guarantee
the good electrical conductivity of the catalyst.

3.2 Performances for the removal of HCHO and CO

The tests for the removal of HCHO and CO in the electricity
powered method were carried out in a home-made reactor. In
the profiles of HCHO oxidation in Fig. 2a, the constant electric
currents were supplied to pass through the catalyst with step-
ping from 0.2 up to 1 A, corresponding to the increasing
catalyst temperature due to Joule heating. Note that the input
voltages in the steady state within the range of 4.5–5 V did not
significantly change with the increasing electric current, sug-
gesting that the resistance decreased with the increasing tem-
perature. The passing electric current triggered the HCHO
oxidation generating CO2, and no obvious CO production was
detected showing the deep oxidations. Another fact to be noted
is that when the electric current was elevated in each step, a
large amount of CO2 was produced in the beginning, which
could be attributed to the oxidation of the HCHO pre-adsorbed
on the catalyst. With the consumption of the pre-adsorbed
HCHO, the produced CO2 declined to steady concentration due
to the oxidation of gaseous HCHO. The fed HCHO (180 ppm)
was thoroughly oxidized with currents of 0.5 and 1 A and the
induced catalyst temperatures below 130 1C. When the electric
power was off, the CO2 concentration dropped and the catalyst
temperature decreased, indicating that the reaction was
stopped. A similar response characteristic to electricity was
also observed in the CO oxidation (Fig. 2b), in which the
produced CO2 concentration increased with the consumed
CO when the input electric current was being stepped up with
the voltage range of 1.8–4 V. Almost CO (5620 ppm) was
oxidized into CO2 with a passing electric current of 1.5 A, and
the reaction was also stopped when the electric power was off.
The extent of the elimination of the pollutions could be well
controlled by adjusting the input electricity in the prototype
reactor.

In the steady-state test for HCHO removal lasting for 10
hours in air with 0.5 A current as shown in Fig. 3a, the HCHO
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conversion remained above 90% with little loss while the
electric resistance of the catalyst did not show much change
around 5 O. After the steady-state test, the bulk SnO2 and Ag
phases still presented as shown in the XRD pattern (Fig. 3b).
The deconvolution of the Ag 3d spectrum (Fig. 3c) demon-
strated that 90% of surface Ag was in the oxidation state, which
was more than that before the reaction (62%). Although the
electric state of surface Ag changes after the catalytic oxidation
with electricity, the bulk structure of the Ag–SnO2 catalyst and
its performance to eliminate the pollutants remained.

Therefore, the prototype powered by portable electricity is going
to be sustainable to eliminate pollutants in air.

At a steady state with electricity, the Joule heating is
balanced by the summation of the temperature change of gas
flow, the conductive, convective, and radiative heat losses and
the reaction heat.9 A linear relationship between catalyst tem-
perature and input electric power was shared by both HCHO
and CO oxidation reactions as revealed by Fig. S2 (ESI†),
suggesting that the reaction heat was too small compared to
the Joule heat to affect the catalyst temperatures. In order to
make clear the contribution of Joule heat to the reactions, the
HCHO and CO oxidations were performed by thermal heating
as a comparison, in which the prototype reactor with the Ag–
SnO2 catalyst was directly heated in a tube oven. For the HCHO
oxidation, 57% conversion was achieved at 47 1C in the elec-
trical powering way whereas only 17% conversion was achieved
by thermal heating at the same temperature (Fig. 2c). For the
CO oxidation, the electrical powering way displayed higher
CO conversion (Fig. 2d) and lower apparent activated energy
(Ea = 41.7 kJ mol�1) than the thermal heating counterpart
(Ea = 67.2 kJ mol�1) (Fig. S3, ESI†). This is similar to the reported
findings that the activation energies of lean methane oxidation
were lowered by the assisting electric field.15,16 In comparison
with the works employing carbon materials as supports,7–9 the
electric current passed through the catalyst itself and the action
of the electricity on the reactions was beyond the Joule heating
from the support in this work. Therefore, the prototype of
the air cleaner powered by portable electricity can exhibit
higher performance for the removal of the pollutants than
the traditional thermal heating way. Although HCHO and CO
conversions have been reported to be completed over some

Fig. 2 (a and b) Profiles of the HCHO (a) and CO (b) oxidations over the Ag–SnO2 catalyst in the electrical powering way. In each subfigure, the upper
part shows the evolution of CO2 and/or CO concentrations and the catalyst temperature along with the reaction time, and the bottom part shows the
evolution of input voltage and current along with the reaction time. (c and d) Performance comparisons between the electricity and the thermal heating
ways for HCHO (c) and CO (d) conversions.

Fig. 3 (a) HCHO conversion and electric resistance of the Ag–SnO2

catalyst in the steady-state test for HCHO removal lasting for 10 h with
0.5 A current. (b and c) XRD pattern (b) and Ag 3d XPS spectrum (c) of the
Ag–SnO2 catalyst after the steady-state test.
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catalysts at room temperature,17,18 our work provides a stable
way to maintain catalyst activity by electrical powering.

3.3 In situ Raman characterization for CO adsorption

The action of electricity on the oxidation reactions was studied
by using CO as a probe molecule. The CO adsorption on the Ag–
SnO2 catalyst was conducted using in situ Raman characteriza-
tion as shown in Fig. 4a. Prior to the CO adsorption, the catalyst
exhibited some characteristic bands of SnO2 at 297, 481, 924
and 2453 cm�1, which can be ascribed to Eu and B1u(2) modes of
n(Sn–O), nas(Sn–OH), and 2d(Sn–OH), respectively.19–21 The
observation of Sn–OH bands indicated the presence of hydroxyl
on SnO2. After CO was introduced, three obvious bands rose at
641, 1353 and 1568 cm�1 (labeled by the red dashed lines in
Fig. 4a), which can be attributed to the characteristic bands of
the surface format, i.e. d(O–C–O), ns(O–C–O), and nas(O–C–O),
respectively.12,22,23 The formate originated from the reaction of
adsorbed CO species on Ag with adjacent SnO2 hydroxyl on the
Ag/SnO2 interface.23,24 When the electrical fields were applied
with 0.5 and 1 V, the bands of formate from CO adsorption
remained.

3.4 Transient response reaction for CO oxidation

A transient response reaction for CO oxidation was designed
and conducted over the Ag-SnO2 catalyst with 0.3 A current,
inducing a catalyst temperature around of 67 1C due to Joule
heating. During the reaction, as shown in Fig. 4b, CO was fed

into the reaction gas containing 10 vol% O2 with a step increase
in concentrations from 1050 to 5620 ppm and was finally
stopped. In each step, the reaction reached the equilibrium
with relatively steady CO2 production. The CO feeding not only
resulted in CO2 production but also increased voltage indicat-
ing the increase in catalyst resistance. The degradation of the
electric conductivity can be attributed to the formate coverage
on the Ag/SnO2 interface from CO adsorption.24 When the CO
feeding was off, the voltage was dropped with the increasing
electric conductivity due to the consumption of fomate from
oxidation. Therefore, the formate should be involved in the CO
oxidation as a reaction intermediate.

For comparison, as shown in Fig. 4c, the thermal heating
counterpart of the transient response reaction over the Ag–
SnO2 catalyst was conducted at 67 1C, the same as the catalyst
temperature induced by Joule heating in the electrical powering
way. The CO2 production in the thermal heating way also
increased with the increased CO feeding but was much weaker
in intensity than that in the electrical powering way. When the
CO feeding was stopped, a peculiar phenomenon was observed
only in the thermal heating way that the CO concentration
sharply ascended before dropping. At the same time, the CO2

production also increased and then decreased. This phenom-
enon can be considered as an indicator of the presence of CO
poisoning, which was diminished with overwhelming O2

adsorption to release CO and to produce CO2 after the CO
feeding was off. The fact that the phenomenon was not present

Fig. 4 (a) In situ Raman spectra for CO adsorption over the Ag–SnO2 catalyst, including the pristine spectrum before CO adsorption, and the spectrum
after CO adsorption (0 V), and those of CO adsorption with electricity under 0.5 and 1 V. The bands of formate formed from CO adsorption were labeled
by red dashed lines. (b) Profiles of transient response reactions of CO oxidations with varied CO feeding over the Ag–SnO2 catalyst in the electrical
powering way with 0.3 A current which induced a catalyst temperature of 67 1C, showing the evolution of CO and CO2 concentrations and voltage as
well as the simulated CO2 profile in dotted lines along with the reaction time. (c) Profiles of transient response reactions of CO oxidations with varied CO
feeding over the Ag–SnO2 catalyst in the thermal heating way with a catalyst temperature of 67 1C, showing the evolution of CO and CO2 concentrations
as well as the simulated CO2 profile in dotted lines along with the reaction time. (d) Scheme of the proposed mechanism for CO oxidation over the Ag–
SnO2 catalysts. (e and f) Evolution of simulated surface coverage of adsorbed CO (YCO) and adsorbed oxygen species (YO) in the electrical powering (e)
and thermal heating ways (f).
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in the electrical powering way demonstrated that the CO
poisoning was overcome by electricity, which was further con-
firmed by the larger reaction orders of CO (nCO) in the electrical
powering way. Based on the logarithm plots of reaction rates
versus input CO concentrations obtained from the transient
response reactions (Fig. S4, ESI†), the nCO values were calcu-
lated to be 0.65 and 0.37 in the electrical powering and thermal
heating ways, respectively. The larger nCO means the influence
of CO adsorption on the overall rate becomes increasingly
positive with the weaker effect of CO poisoning.

A simplified Langmuir–Hinshelwood (L–H) mechanism was
proposed for the CO oxidation on the Ag–SnO2 catalyst,25 which
is composed of five elementary reactions as shown in Fig. 4d,
including CO adsorption/desorption with surface formate, and
O2 dissociative adsorption/desorption, and the surface reaction
between the two adsorbed species generating CO2. The five
elemental reaction rates (R) are expressed by five equations
listed in Table 1 with the parameters including rate constants
(k), and partial pressures of inlet CO and O2 (P), as well as the
surface coverage of adsorbed species (Y). The evolution of YCO

and YO along with the reaction time (t) was expressed by eqn (1)
and (2), respectively.

YCOðtÞ ¼ YCOð0Þ þ
ðt
0

R1 � R�1 � R3ð Þdt (1)

YOðtÞ ¼ YOð0Þ þ
ðt
0

2R2 � R�2 � R3ð Þdt (2)

where YCO(0) and YO(0) are the initial coverage of the adsorbed
species while the meanings of the other variables are given in
Table 1.

Based on the equations, we simulated the transient response
reactions with varied CO feeding in the electrical powering and
the thermal heating ways (Fig. 4e and f) by Python program-
ming with numerical integration and nonlinear least squares
fitting. The simulated CO2 concentrations (the dot plots in
Fig. 4b and c) were in qualitative agreement with the experi-
mental results.

The evolution of the simulated coverage of adsorbed species
along with the reaction time was also simulated. As shown in
Fig. 4e, the profile of the simulated adsorbed CO species (YCO)
was roughly opposite to that of the experimental voltage in the
electrical powering way (Fig. 4b), showing that the electric

resistance is an indicator of surface formate coverage. In
comparison with the thermal heating counterpart (Fig. 4f),
the electrical powering way had a smaller YCO and larger YO,
being coincident with the simulated kinetics parameters as
listed in Table 1. By the electricity method, the simulated rate
constants of O2 dissociative adsorption (k2) significantly
enlarged by 2.6 times and the simulated rate constants of the
surface reaction (k3) also increased by 84%. The improvements
of both O2 dissociative adsorption and surface reactions were
important factors to suppress CO poisoning.

The local microscopic Joule heating at the catalyst particle
contacts,26 which may result in higher local microscopic tem-
peratures than the integral macroscopic temperatures mea-
sured, might account for the enhanced performance by
electricity method. However, this hypothesis goes against an
exception of another Ag–SnO2 catalyst with higher Ag content of
70 wt% on which the electrical powering way failed to exhibit
the performance superior to the thermal heating counterpart
for the oxidations of HCHO (Fig. S5, ESI†) and CO (Fig. S6 and
S7, ESI†). Note that the Ag–SnO2 catalyst with 20 wt% Ag
content was too weak in electric conductivity to present the
activity in the electrical powering way. The difference in the
action of electricity on the two Ag–SnO2 catalysts with 50 wt%
and 70 wt% Ag contents may be correlated to their diversity in
electron transport properties. According to the finding of Wei
et al.,27 the Ag volume fraction (0.4) of the former was just
within the range of tunneling percolation (0.13–0.55), i.e.
tunneling to second-nearest neighboring Ag particles, implying
the electron transport between Ag and SnO2 nanoparticles. The
lower work function of Ag (4.26 eV) than SnO2 (5.2 eV) facilitates
the electron transport from Ag to the SnO2 heterojunction,
forming a negatively charged accumulated layer around the Ag/
SnO2 interface.28,29 The negatively charged interface is bene-
ficial for O2 activation and further surface reaction according to
the study of Kim et al.30 As for the Ag–SnO2 catalyst with 70 wt%
Ag content, the higher Ag volume fraction (0.6) favors the
transition to classical percolation so that the electron transport
occurs between the Ag nanoparticles being geometrically con-
nected. Though the electric conductivity was improved, the
SnO2 nanoparticles are passed over by electric current. Because
electron transport from Ag to SnO2 cannot occur with 70% of
Ag content, the electricity failed to contribute to the enhanced
performance to eliminate the pollutants.

Table 1 Rate equations of the elemental reactions of CO oxidation over the Ag–SnO2 catalyst and the simulated rate constants in the electrical
powering and thermal heating ways

Elemental reaction Rate equation/min�1

Simulated rate constant (k)

Electrical powering way Thermal heating way

CO adsorption R1 = k1PCO(1 � YCO – YO) k1/(mmol�1 m3 min�1) 4.50 � 10�5 4.04 � 10�5

CO desorption R–1 = k�1YCO k�1/min�1 3.27 3.72
O2 adsorption R2 = k2PO2

(1 – YCO – YO)2 k2/(mmol�1 m3 min�1) 5.13 � 10�8 1.43 � 10�8

O2 desorption R–2 = k–2YO k�2/min�1 2.64 1.38
Surface reaction R3 = k3YCOYO k3/min�1 6.17 3.36

PCO, PO2
: concentrations of inlet CO and O2 in units of mmol m�3, respectively; YCO, YO: surface coverage of adsorbed CO and O2 species,

respectively.
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4. Conclusions

A prototype of a compact air cleaner was developed, which can
be powered by portable electricity to eliminate air pollutants of
HCHO and CO. The Ag–SnO2 catalysts with 50 wt% of Ag
content were packed into the designed reactor forming a circuit
to allow electric current to pass through the catalyst. The
complete removal of HCHO and CO was accomplished at
voltages below 5 V and was superior to the thermal heating
counterpart. The electricity was found to suppress CO poisoning,
which may correlate to the electron transport between Ag and
SnO2 guaranteed with 50 wt% of Ag content.
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