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In this paper, Co,0,-ZnO nanomaterials with Co,O, doping mass fractions of 0%, 2.13%,
4.13%, and 6.13% were prepared by sol-gel method. In order to explain and confirm the influence
of the incorporation of Co,O, on the surface morphology and gas sensitivity of ZnO at a relatively
low gas concentration, additional studies such as XRD, XPS, SEM, EDS and UV-vis spectroscopy
were performed. And its photoelectric response to 100 ppm acetone at near room temperature and
visible light irradiation was studied. Due to the formation of P-N heterojunctions, the C0,0,-ZnO
heterostructural nanoparticles has a highe response to low concentrations of acetone gas than undoped
ZnO nanoparticles even at operating temperatures as low as 30°C. The addition of Co,O, improves the
sensitivity and selectivity of ZnO thick films. The sensitivity of the 4.13wt% Co,0,-ZnO sample to 100
ppm acetone at a working temperature of 30°C was 24.36. The light excitation effect was significantly
enhanced. Under visible light irradiation, the sensitivity can reach 37.21. In addition, the Co,0,-ZnO
P-N heterojunction model was combined with visible light excitation theory to further explore the

mechanism of gas sensing reaction.
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1. Introduction

Metal oxide semiconductor materials have attracted
wide attention from researchers as sensitive materials for
detecting toxic and harmful gas '. Among these materials,
zinc oxide is one of the earliest discovered and widely studied
materials. which is a typical wide band gap n-type direct
band gap semiconductor material with lower resistivity and
higher light trapping properties 2.Due to zinc oxide’s wide
band gap (3.37 eV at room temperature), it is necessary
to increase the operating temperature to obtain better gas
sensing characteristics, usually 250 to 400°C. However, high
temperatures not only lead to high power consumption, but
also limit the detection of flammable and explosive gases,
and it is also a challenge to the stability of the device **.
Therefore, in order to lower the operating temperature of
the sensor and increase the sensitivity, a large number of
scientific papers on the use of zinc oxide as a gas sensor
have been published. For example, many of precious metal
elements, rare earth elements or metal compounds were
doped into zinc oxide. The preparation of Tb-doped zinc
oxide samples by Anita Hastir et al. significantly improved
the sensitivity to ethanol and acetone °. Qi Xu’s Cu-doped
ZnO nanorods prepared by the hydrothermal method have a
response of 8 to 50 ppm TEA at a low temperature of 40°C,
and the response time and recovery time are 5 s and 25 s,
respectively 6. A.P. Rambu et al. used magnetron sputtering
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deposition to obtain 3% (mass fraction) Co doped ZnO
nanofibers 7. The best operating temperature for 600 ppm
methane was 170°C and the sensor was stable for a long time.
Moreover, the formation of semiconductor heterostructures
has been proven to be an effective way to improve gas-sensing
properties, such as sensitivity and especially lower operating
temperatures. For example, wang et al. synthesized CuO/
ZnO nanorod hybrids have a sensitivity of up to 40 for 100
ppm H,S at a working temperature of 100°C ®. Xing Gao et
al. reported that Co,0,-ZnO core-shell heterostructure NFs
can detect 100 ppm of formaldehyde gas at 220°C °.

In addition, a large number of studies have found that
UV radiation can greatly reduce the operating temperature of
the sensor, leading to improved performance of ZnO-based
photoelectric gas sensors. However, there are few articles on
the application of visible light to ZnO gas sensors. Therefore,
the improvement of the gas-sensitivity of zinc oxide sensors
by visible light is one of the focuses of this experiment.

In this paper, different cobalt-doped precursors were
prepared by simple sol-gel method, and different doped zinc
oxide powder samples were produced by high temperature
treatment. The effects of cobalt doping on the crystal
structure and morphology of zinc oxide were investigated.
The role of P-N heterojunction in sensor signal formation
was analyzed, and the influence of visible light excitation
on the gas sensitivity of CZO was studied. The mechanism
of gas-sensing reaction was further explored.


https://orcid.org/0000-0003-0911-0508

) Han et al.

2. Experimental

2.1 Co-doped ZnO composites and devices

A source of Zn(CH,C0OO0),-2H,0, NaOH, CoCl,.6H,0
as a raw material. Different ratios of zinc acetate and cobalt
chloride were dissolved in a mixture of anhydrous ethanol
and deionized water in equal proportions. An aqueous NaOH
solution was prepared, and an aqueous NaOH solution was
slowly added to a mixed solution of cobalt chloride and
zinc acetate until the pH was equal to 7, and then the sol
was obtained by magnetic stirring at room temperature. The
stirring speed was 100r/min and the stirring time was 2h. The
sol was aged at room temperature for 24 hours, the sample
was placed in an 80°Cinfrared oven and dried to obtain gel.
The gel was ground, washed and annealed to finally obtain
C0,0,-Zn0O powder. In the current work, we prepared four
different doping amounts of ZnO powder, respectively 0
wt%, 2.13 wt%, 4.13 wt%, and 6.13 wt%.

To make a thick-film sensor, the above samples were
each added with a proper amount of deionized water to
each agate mortar, and then ground for about 10 minutes to
form a paste. Dipping method was used to prepare different
heat-dosed thick-film type gas sensors on the surface of
Al,O,-based ceramic tube.

2.2 Characterization of ZnO films

The crystal structure of Co,0,-ZnO was analyzed by X-ray
diffraction (XRD, Bruker AXS D8 FOCUS, Germany) with
Cu-Ko/1 radiation (A =1.5406 A) in the 20 range of 20°-80°
with 0.02°s scanning step. The microstructures were analyzed
by scanning electron microscopy (SEM, ZEISS Sigma500,
Germany). The element surface distribution of Zinc oxide
and cobalt were determined by Oxford X-MaxN150 EDS.
Chemical binding analysis was conducted by an X-ray
photoelectron spectrograph (XPS, ESCALAB MKK II)
operated using Mg as the exciting source. The diffuse
reflectance spectra of pure ZnO and 4.13wt% Co,0,-ZnO
were measured by UV-vis spectrophotometer (Shimadzu,
UV-2600, Japan) with a scanning range of 220-850 nm and
a scanning speed of 0.5 nm /s.

2.3 Gas sensing properties testing

In this work, the sensitivity of the gas sensors was tested
with the HW-30B gas sensor test system.The schematic of
test circuit was shown in Fig. 1.

In the above circuit, Vh represents the voltage of the
heating circuit, which controls the working temperature.Vc
is the circult voltage, Vout is the output voltage, and R1 is
the load resistance that matches the component resistance.
In this experiment, the gas detection is completed by taking
a change in resistance when the sensor is in contact with the
detected gas. Thesensitivity is defined as S.
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S=R./R, ()

R, is the resistance of sensor in air; Rg is the resistance
of sensor in target gas.

3. Result and Discussion

3.1 Structure and morphology

The crystal structure of Co,0,-ZnO was analyzed by
X-ray diffraction (XRD). The XRD pattern of the different
sample materials is shown in Fig. 2. All diffraction peaks can
point to hexagonal (wurtzite) ZnO, which is well consistent
with the JCPDS: #36-1451. In addition, the peak areas and
intensities of the four samples vary with the different doping
amount of Co,0,. The strong and sharp diffraction peak of
4.13wt% Co,0,-Zn0 indicates that the product has high
crystallinity'®. The characteristic diffraction peak of the
cobalt oxide crystal wasn’t detected by XRD experiment ,and
possible reason is that the content of Co,O, in the sample is
too low to be detected'.

Vh Ve,

Sensor

= Vout

R1

°®

Figure 1. Schematic of gas sensing test circuit
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Figure 2. XRD patterns of Co0,0,-ZnO with different doping
concentration
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Fig. 3a-d shows SEM images of different doping amounts
of Co0,0,-Zn0O samples. It can be seen from the figure that
the sample is a hexagonal prism structure, and the Co-doped
ZnO material shows a rough and porous structure. Especially
when the doping amount is 4.13wt%, the particles of the
sample are more uniform and the surface is looser and more
porous, and these changes in microscopic morphology caused
by doping facilitate the adsorption and desorption of gases. It
can be seen from Fig. 4 that the average crystal grain size of
Co0,0,-Zn0 is significantly smaller than the average crystal
grain size of pure ZnO, and the doping of Co can inhibit the
agglomeration of crystal grains and limit the further growth
of ZnO crystal grains.

X-ray photoelectron spectroscopy (XPS) was used
to characterize and analyze the surface composition and
structure of 4.13wt% Co,0,-ZnO sample. Fig. 5a shows
the Zn 2p spectrum, there were two symmetric peaks in
the spectra. One centered at 1020.9 eV corresponded to a
Zn 2p,,, configuration and another one centered at 1044.0
eV was assigned to a Zn 2p,, configuration 2. The energy
difference between these two peaks is 23.1 eV, which is
consistent with the corresponding value of the standard
ZnO nanoparticles ", indicating that the Zn in the sample
is in the +2 valence state. Fig. 5b shows the Ols spectrum
of 4.13wt% Co,0,-ZnO sample. The peak centered at 529.9
eV should be assigned to surface lattice oxygen (Olat), the

peak at 531.3eV could be generated by the oxygen species
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adsorbed on the ZnO surface '*. Fig. 5S¢ shows the Co2p,,
spectrum of 4.13wt% Co,0,-ZnO sample. According to
the literature 1%, the sample decomposition Co 2p spectrum
includes the contributions of Co** and Co?* and Co**
satellites. Comparing the sample’s Co2p, ,, binding energy
with standard spectra '>!¢, we can designate the main peak
near 779.9 eV as the Co’*, |
peak near 781.2 eV as Co*", , configuration. The small peak
at 786.5 eV is the Co®* rocking satellite peak. The surface
area ratio of Co2p, ,, peaks of Co** and Co*" is close to 2,
corresponding to the formula Co** (Co’"),0,".

The results in Fig. 6 indicate the elemental spatial
distribution of 4.13wt% Co0,0,-ZnO nanocomposites.
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Figure 3. SEM images of Co,0,-ZnO nanocomposites with different doping concentration a) ZnO b) 2.13wt% Co,0,-ZnO c) 4.13wt%

C0,0,-Zn0 d) 6.13wt% Co,0,-ZnO
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Figure 5. Zn 2p (a), O 1s (b) and Co 2p, ,(¢) XP spectra of 4.13wt% Co,0,-ZnO sample
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Figure 6. The EDS layered image pattern of 4.13wt% Co,0,-ZnO nanocomposites

4.13wt% Co,0,-ZnO nanocomposites have agglomerated
cobalt-containing particles around their dispersed ZnO,
which may be Co,0,. Co,0, particles are fully exposed to
ZnO and forms P-N heterojunction contact.

3.2 Gas sensitive properties of Co,0 ,-ZnO P-N
heterostructure nanocomposites

The sensitivity of ZnO with different doping concentrations
was studied by using acetone as the gas to be tested at room
temperature (30°C). Fig. 7a shows the response and recovery
curves of four doping concentrations pure ZnO, 2.13wt%
Co0,0,-Zn0, 4.13wt% Co0,0,-Zn0, and 6.13wt% Co,0,-ZnO
to 100 ppm acetone. The sensitivity are 6.5, 12.16, 24.36,
and 14.22, respectively, indicating that doping Co,0O, can
improve the sensitivity of ZnO sensor. Compared with
undoped ZnO sensors (16 and 7 s, respectively), the response
and recovery time of the 4.13wt% Co,0,-ZnO sample to

100 ppm acetone (Fig. 7b) were also only 4 seconds and
3 seconds, respectively. The results show that the addition
of Co,0, can reduce the response and recovery time of ZnO
sensors. When Co,0, is doped in ZnO, the band tail of the
Co,0, energy band enters the valence band of ZnO, which
makes the band gap narrower and the electrons more prone
to transition. Moreover, the addition of Co,0, makes the
surface of the sample more loose and porous, providing
more active sites for the adsorption of gas molecules and
oxygen molecules, thereby improving sensitivity.

However, the sensitivity will decrease when the doping
concentration is too high. The possible reason for sensitivity
reduction is that ZnO has less contact with oxygen or target
gas. The barrier height and resistivity will increase as the
additional Co,0O, accumulates in the lattice gap or grain
boundary of ZnO which hinders the contact's. Another
possible reason will be discussed later.
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Figure 7. Response and recovery curves for 100 ppm acetone at an operating temperature of 30°C a) Samples of four different doping

concentrations b) 4.13wt% Co,0,-ZnO sample

Fig. 8 depicts the responses of pure ZnO sample and
4.13wt% Co,0,-Zn0O sample to 100 ppm acetone at 30°C
as well as other gases such as toluene, ammonia, ethylene
glycol, and methanol. And the gas sensing properties are
shown in Table 1.

It can be easily seen that the 4.13wt% Co,0,-ZnO sample
always shows a higher response than the pure ZnO in all
cases. Its response to acetone is 24.36. It is higher than other
gases and shows good selectivity to acetone.

Fig. 9 shows the transient response and recovery curves
0f4.13wt% Co,0,-ZnO sensor for different concentrations of
acetone at an operating temperature of 30°C. It can be seen
from the figure that as the acetone concentration increases, the
sensor response value also increases, and when the acetone
concentration is as low as 10 ppm, there is also a significant
response with a response value of 2.55.

The long-term stability of ZnO and Co,0,-ZnO samples
to 100 ppm acetone was tested at an operating temperature
of 30°C (Fig. 10). The results show that both sensors have
good long-term stability. Compared to the previously reported
sensing properties of Co,0,-ZnO materials (Table 2), low
operating temperatures and relatively high sensitivity make
this work very valuable.

3.3 Photoelectric gas sensing properties
of Co,0 -ZnO P-N heterostructure
nanocomposites

In order to study optical properties, diffuse reflectance
spectra of pure ZnO and 4.13wt% Co,0,-ZnO were measured
in the wavelength range of 220-850 nm, as shown in Fig. 11.
It can be seen that the absorption of visible light by 4.13wt%
Co0,0,-ZnO is greater than that of pure ZnO.

The energy gap was calculated by kubelka-Munk
formula. (Give a graph:[ F(R)xE)"2-E, F(R) is the kubelka-
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Munk function, F(R)=(1-R)*/2R, R is the reflectivity; E is
the energy, £=1240/4, the unit is eV; lengthen the part of
line in the curve, intersecting with the X axis, the point is
the value of energy gap.) As shown in Fig. 12, the band gap
energies estimated from the intercept of the tangents to the
plots are 3.15eV and 2.19¢V for pure ZnO and 4.13wt%
Co0,0,-Zn0 nanocomposites, respectively. It indicates that
the incorporation of Co,0, leads to a narrow band gap of
the material. Since electronic transitions require the effect
of thermal excitation, sensors made of materials with
narrower band gaps have lower operating temperatures. In
addition, reducing the width of the band gap can increase
the utilization of visible light.

In order to investigate the influence of illumination
conditions on the gas sensing properties of the components,
C0,0,-Zn0O samples with different doping amounts were
irradiated with visible light with a wavelength greater
than 420 nm, and their sensitivity to acetone (100 ppm)
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Table 1. Gas sensing properties of 4.13wt% Co,0,-ZnO and puer ZnO to different gases (100 ppm)

Gas response(S)

Response time/s Recovery time/s

Target gas
4.13wt% Co0,0,-ZnO ZnO 4.13wt% Co0,0,-ZnO ZnO 4.13wt% Co0,0,-ZnO ZnO
Acetone 24.36 6.50 4 16 3 7
Toluene 11.58 8.85 4 14 2 8
Ammonia 2.87 0.96 6 22 6 26
Ethylene glycol 7.96 7.16 5 11 4 15
Methanol 4.34 245 7 19 2 15
120 S00ppm
was tested. The result is shown in Fig. 13. Clearly, visible
1004 p— light illumination significantly increases the gas response
200ppm : of the gas sensing material, and the incorporation of Co,0,
';5180 1 H results in a significant increase in photovoltaic gas sensing
© . performance. In particular, when the doping amount of Co,O,
8 %1 100ppm r | is 4.13wt%, the photoexcitation effect reaches the best with
5 .
& ! 37.21 gas response
& 40 50ppm | . .
| Fig. 14 shows gas-sensing curves of pure ZnO samples
204 20ppm /- I‘ . prepared with and without visible light exposureat for 100
—_— f ’ i || ppm acetone at an operating temperature of 30°C. It can be
0 Al ™ L..' | ;I’I = S seen from the figure that the response time of pure ZnO gas
0 1005 5200; 1300, 400 50 80 700 gepsitive material under visible light irradiation is greatly
Timels reduced compared with pure ZnO gas sensitive material

Figure 9. Transient response and recovery curves of 4.13wt%
Co,0,-Zn0O sample for different concentrations of acetone
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Figure 10. Long-term stability of the ZnO and 4.13wt% Co,0,-ZnO
to 100 ppm acetone at 30 °C

without visible light irradiation, but the sensitivity is not
significantly improved. This is due to defects in ZnO, such
as Zn vacancies, oxygen vacancies, Zn gaps, and oxygen
gaps 22,

When visible light is turned on, electrons will be excited by
defects, and the electrons generated will reach the conduction
band of ZnO, resulting in a decrease in response time. At
the same time, the height of the grain boundary barrier will
lower and the sensitivity will increase. However, since the
amount of electrons excited by visible light associated with
weak defects is limited, the sensitivity of pure ZnO under
visible light irradiation is very small. When the acetone gas
is exhausted, the response cannot immediately return to the
initial value. This is because the recombination probability
and rate of electrons and holes in pure ZnO are slow, resulting
in an increase in recovery time.

Table 2. Sensing performances of Co,0,-ZnO gas sensors reported in literatures to VOCs.

Materials Gas Concentration /ppm Temperature /°C Response (S) References
mesoporous ZnO/ acetone 50 275 29 B
Co,0, microspheres

Pd@Co,0,-ZnO ethanol 200 240 54 2
porous ZnO/Co,0, acetone 1 275 15.17 a
nanocomposites

C0,0,/Zn0 formaldehyde 100 170 20 n
nanocomposites

C0,0,-ZnO core- formaldehyde B
shell nanofibers (acetone) 100 220 3122

C0,0,-ZnO P-N

heterostructure acetone 100 30 24.36 This work

nanomaterials
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Fig. 15 compares the gas sensitivity curves for 4.13wt%
Co0,0,-Zn0O with and without visible light illumination.
Compared with no visible light irradiation, the gas response
of'4.13wt% Co,0,-ZnO to the 100ppm acetone with visible
light irradiation is significantly improved. The reason is
that compared with pure ZnO, the band gap of 4.13wt%
C0,0,-Zn0 sample is narrower and the utilization of visible
light is higher. In addition, the surface morphology of 4.13wt%
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Figure 14. Recovery curve of pure ZnO in response to 100 ppm
acetone with and without visible light exposure
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Figure 15. Recovery curve of 4.13wt% Co,0,-ZnO in response to
100 ppm acetone with and without visible light

C0,0,-ZnO0 is loose and porous, and the more pores, the
more visible light the material captures .

4. Gas Sensing Mechanism

Co,0, is p-type semiconductor withnarrow band gap
energy of 1.6 eV and work function of 6.1 eV. As an n-type
semiconductor, ZnO has wide band gap energy (3.37 eV) and
work function of 5.2 eV at near room temperature. This can
be seen from Fig. 16. When Co,O, nanoparticles are adorned
onto the surface of ZnO nanoparticles, due to Fermi level-
mediated charge transfer®>2¢, will lead to the for-mation of
a P-N heterojunction at the interface between the p-Co,0,
nanoparticles and n-ZnO nanoparticles?”?. The electrons in
ZnO will be transferred to the Co,0, nanoparticles, which
significantly reduces the charge conduction channel and
results in a higher resistance state than pure ZnO.

When the ZnO nanoparticles are heated by exposure
to air, oxygen molecules are adsorbed on the surface of the
ZnO nanoparticles. These chemisorbed oxygen trap electrons
from the ZnO conduction band and form adsorbed oxygen
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with a depletion layer at the interface

ions, resulting in changes in carrier concentration and
material resistance. Due to the low operating temperature
of the sensor, oxygen ions mainly exist in the form of O,".
The adsorption process for n-type ZnO is as follows 2%

0,(g) — 0, (ads) )

0,(ads)+ e — O; (ads) 3)

For Co,0

374
adsorption process is as follows’:

since it is a p-type semiconductor, the

0,(g) — 05 (ads) + h- @)

Obviously, the capture of electrons in ZnO leads to an
increase in the barrier between ZnO nanoparticles, while
the accumulation of holes in Co,0, leads to a decrease in
barrier. However, since Co,0, is less in cobalt-doped ZnO,
the conductivity of the ZnO and p-n heterojunction plays a
major role. The resistance of pure ZnO and 4.13wt% Co,0,-
ZnO in air at room temperature was 18384 ohms and 24689
ohms, respectively.

When the Co,0,-ZnO sensor is exposed to a certain
concentration of acetone gas, the gas is oxidized by the
negatively charged oxygen ions, and the electrons trapped by
the O, ion are automatically released back to the conduction
band of ZnO, resulting in an increase in electron concentration
in the conduction band and a significant decrease in the sensor
resistance, the reaction occurred as follows:

(CH:),CO(g)+40; (g) —
3C0,(g)+ 3H,0(1)+ 4e” )

In addition, the acetone gas also releases electrons into
the p-type Co,O, nanoparticles, recombines with their holes,
thinning the interface depletion layer, and lowering the
interface barrier height (Fig. 17a). Therefore, the resistance
of the Co-doped zinc oxide based sensor is further reduced
than that of the original ZnO sensor.

It is worth noting that after the acetone gas is introduced,
part of the Co** is reduced to Co**!. The reaction mechanism
is as follows:

2C0,0,+(CH:),C0(g) + 30,(g) —

6
6Co0 +3CO;(g) + H,0(1) “

In the gas detection process, acetone molecules are
directly oxidized on the surface of Co,O, particles. This
leads to the decrease in the quantity of acetone molecules
which can react with the oxygen chemisorbed on ZnO
surface, and consequently to the decrease in sensor signal
of Co0,0,-Zn0O comparing with pure ZnO. However, the
introduction of the Co,O, impurity level greatly enhances the
carrier concentration, and the reduction in the sensor signal
will be offset by the rapid increase in carrier concentration.
In addition, Co doping forms a new degeneracy band,
resulting in a band gap narrowing effect, which makes it
casier for electrons to excite from the valence band to the
conduction band, adsorbing more surface oxygen species,
leading to higher Ra.

With the increase of the amount of Co,O, doping, Co,0,
will be transformed into the main conduction path. At this
moment, the holes accumulation of Co,0, in the air will not
be ignored, which may cause the performance of the sensor
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to decrease. Therefore, the loading of Co,0, nanoparticles
should be strictly controlled to obtain better sensor response.

When visible light is irradiated on the surface of the
sensor, the band gap of the Co,0,-ZnO sample is greatly
reduced due to the addition of Co,0,*. Therefore, Co,0,-
ZnO samples are more easily excited by visible light under
visible light irradiation. High-energy photons are absorbed
by the Co0,0,-ZnO sample and produce electron-hole pairs.
As the following equation shows:

hy - h"+e (7

This process increases the carrier concentration and
the conductivity of the nanocomposite. With the bandgap
matching and influence of the heterojunction between Co,O,
and ZnO, the photogenerated electrons in the Co,0,-ZnO
sample will migrate into ZnO, while the photogenerated
holes will transfer to Co,0,, thus leading to the broadening
of the Co,0,-ZnO interface depletion layer, and the resistance
of the Co,0,-ZnO sensor is further increased. In addition,

photogenerated electrons diffuse to the surface of ZnO and

react with the oxygen molecules adsorbed on the surface.
The reaction is as follows ¥

O0,+e (hv)— O, (hy) ®)

This process effectively suppresses the recombination
between photo-generated carriers and produces more photo-
oxidizing ions than pure ZnO. When exposed to acetone gas,
acetone reacts with adsorbed oxygen ions and photooxygen
ions on the ZnO surface. The electrons generated by the
reaction are reintroduced into the conduction band of ZnO.

(CH;),CO(g) + 40; (hy) —

&)
3C0.(g)+3H,0(1)+4e”

This can be seen from Fig. 17b. Therefore, this interfacial
charge transfer can effectively promote the separation of
electrons and holes, and further increase the number of
electrons in ZnO, leading to more significant changes in
resistance and improved sensitivity.
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5. Conclusion

In summary, the heterostructure Co,0,-ZnO thick film
was successfully prepared by sol-gel method, and its gas
sensitivity was studied. The doping of Co,0, leads to an
increase in the crystallinity of the Co,0,-ZnO sample and
the formation of a p-n heterojunction, which leads to its more
pronounced modulation of the resistance at the surface of
the material. In the experiment, it is observed that Co,O,-
-doped ZnO thick-film sensors show higher sensitivity to
acetone and better selectivity than undoped ZnO thick-film
sensors at low temperatures. The sensitivity of 4.13wt%
C0,0,-Zn0 to 100 ppm acetone is 3.6 times higher than that
of pure ZnO and the response recovery time is also reduced
at room temperature 30°C. In addition, optical excitation
can enhance gas sensing characteristics and lower operating
temperatures. The sensitivity of 4.13wt% Co0,0,-ZnO
under visible light was 1.52 times higher than that without
visible light irradiation. Therefore, the doping of Co,0,
and the visible light illumination have a synergistic effect
in improving the gas sensing characteristics of the sensor,
further improving the sensitivity of the sensor and reducing
the operating temperature of the element.
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