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A series  of  mixed  potential  type  gas  sensors  using  stabilized  zirconia  and  M3V2O8 (M:  Zn,  Co  and  Ni)
sensing  electrode  were  fabricated  and  applied  for detecting  acetone  at 600 ◦C.  Among  the  sensors  utilizing
these  composite  oxides  (Zn3V2O8, Co3V2O8 and  Ni3V2O8)–SEs  prepared  via  a  facile  sol–gel  method,  the
sensor attached  with  Zn3V2O8–SE  exhibited  the  highest  response  to  acetone  at  600 ◦C. Therefore,  the
present  study  mainly  focused  on acetone  sensing  performance  for YSZ-based  sensor  using Zn3V2O8–SE
at  600 ◦C. Results  showed  that  the sensor  attached  with  Zn3V2O8–SE could  detect  even  1  ppm  acetone  with
an  acceptable  response.  Moreover,  �V  of the sensor  attached  with  Zn3V2O8–SE exhibited  segmentally
linear  relationship  to  the  logarithm  of acetone  concentration  in  the  ranges  of  1–10  ppm  and  10–400  ppm,
ixed potential
n3V2O8

which  the  sensitivities  were  −16  and  −56  mV/decade,  respectively.  The  present  device  also  displayed
good  repeatability,  small  drifts  in  30  days  measured  period,  and  the  excellent  sensitivity  and  relatively
good  selectivity  in the presence  of  various  interfering  gases  before  and  after  30  days  high-temperature-
aging  of  600 ◦C.  Additionally,  polarization  curve  was  measured  to  further  demonstrate  the mixed  potential

mechanism.

. Introduction

Acetone is regarded as one of the important raw material,
olvent and flammable gases due to its chemical activity and
elative cheapness, which is extensively used in many fields of
ndustrial production. However, many health problems, such as
eadache, fatigue and harmfulness to nerve system and visceral
rgans, will be caused when the concentration of inhalation is
igher than 173 ppm [1,2]. In addition, the medical reports indi-
ate a large quantity of acetone is generated in the bodies of
iabetic patients and the acetone concentration in plasma is
pproximately two orders of magnitude higher than that of com-
on  person. Acetone has been classified as an important breath

iomarker or accessorial tool for noninvasive diagnosis of human
ype-1 diabetes [3–5]. Therefore, acetone sensors with high sen-
itivity, quick response–recovery, good selectivity and stability
ave been the focus of worldwide research for human health and

afety.

In recent years, the different kinds of acetone sensors based on
ifferent sensing mechanism have been designed and fabricated
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E-mail addresses: liangxs@jlu.edu.cn (X. Liang), lugy@jlu.edu.cn (G. Lu).
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925-4005/© 2015 Elsevier B.V. All rights reserved.
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by many research groups. Among them, some oxide semiconduc-
tor acetone sensors reported are either relative poor sensitivity or
selectivity [6–9]. Therefore, sensors based on solid electrolyte have
received steadily growing attentions for their excellent sensing per-
formance, chemical/physical reliability, miniaturization potential
and low fabrication cost. So far, several solid-electrolyte type ace-
tone sensors using different oxide electrode materials have been
reported. Lu et al. fabricated the mixed-potential-type acetone sen-
sors using NASICON solid electrolyte and different Cr-based spinel
oxide sensing electrodes, which exhibit effective response to ace-
tone and the improvement of the sensing performance for the
sensor by increasing the length of three-phase-boundary (TPB) [10].
Kasalizadeh et al. reported Yttria-stabilized zirconia (YSZ)-based
sensors using coupled metal oxide-doped Pt/SnO2 sensing elec-
trodes, such as SiO2, MoO3, Sm2O3 and CeO2, result in the good
response and lower response and recovery times [11]. Based on
these, the selection of a proper oxide electrode material is criti-
cally important for the sensing performance of the sensor. Thus,
the design and development of low cost, simple synthesis process
and high-performance novel oxide sensing electrode materials for

YSZ-based acetone sensors with good sensitivity, selectivity and
stability still are urgently needed.

In this study, novel type M3V2O8 (M:  Zn, Co and Ni) compos-
ite oxide materials are prepared via a facile sol–gel method and

dx.doi.org/10.1016/j.snb.2015.07.023
http://www.sciencedirect.com/science/journal/09254005
http://www.elsevier.com/locate/snb
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re used as sensing electrode for fabricating YSZ-based mixed-
otential-type sensor, which can be used to detect acetone. The
esults indicate the sensor using Zn3V2O8 composite oxide mate-
ial as sensing electrode shows the highest response to acetone. The
as sensing properties including response, repeatability, selectivity
nd stability for the sensor attached with Zn3V2O8–SE to acetone
re systematically investigated and the sensing mechanism is dis-
ussed. To the best of our knowledge, this is the first example to
tilize Zn3V2O8 composite material as sensing electrode for YSZ-
ased sensor for the detection of acetone.

. Experimental

.1. Preparation and characterization of M3V2O8 sensing
lectrode materials

The Zn3V2O8 was prepared from zinc nitrate hexahydrate
Zn(NO3)2·6H2O), ammonium metavanadate (NH4VO3), glycine
Gly), and ethylene glycol (EG) by the sol–gel method [12]. In a typi-
al process, Zn(NO3)2·6H2O and stoichiometric NH4VO3 (the molar
atio of Zn/V = 3:2) were dissolved in deionized water, respec-
ively. Gly was added into the NH4VO3 solution (the molar ratio
f Gly/V = 4:1) and stirred at 60 ◦C for 2 h to obtain a yellow trans-
arent solution. EG and Zn(NO3)2 solution were dropwise added

nto the mixture described above and then stirred at 90 ◦C until to
 gel solution was  obtained. The resultant solution was maintained
t 80 ◦C for 12 h at electric vacuum drying oven. The precursor gel
as then sintered at 750 ◦C for 4 h in muffle furnace by a gradual

ncrease of temperature to get inchoate samples. In order to obtain
 uniform crystalline phase, the inchoate samples obtained were
dded into ethanol solution, respectively and were stirred in room
emperature for 4 h, then raided the temperature to 80 ◦C until the
thanol solution was completely removed. Finally, the sample was
intered at 750 ◦C for 4 h in muffle furnace by a gradual increase
f temperature and a yellowish powder of Zn3V2O8 was obtained.
he M3V2O8 (M:  Co and Ni) composite oxide materials were pre-
ared by the sol–gel method according to the procedure previously
escribed in Ref. [13].

X-ray diffraction (XRD) patterns of SE materials were measured
y Rigaku wide-angle X-ray diffractometer (D/max rA, using Cu K�
adiation at wave length = 0.1541 nm)  in the range of 10–80◦. Field-
mission scanning electron microscopy (FESEM) observations of
urface morphology of the M3V2O8–SE materials were obtained
sing a JEOL JSM-7500F microscope with an accelerating voltage
f 15 kV.

.2. Fabrication and measurement of gas sensor

The sensor was fabricated using the YSZ plate (8 mol% Y2O3-
oped, 2 mm × 2 mm2, 0.2 mm thickness, provided by Tosoh Corp.,

apan). A point-shaped and a narrow stripe-shaped Pt electrode
reference electrode, RE) were formed on two ends of the YSZ plate
sing a commercial Pt paste (Sino-platinum Metals Co., Ltd.). The
arious sensing materials obtained were mixed with a minimum
uantity of deionized water, respectively. The resultant paste was
hen applied on the point-shaped Pt to form stripe-shaped SE. The
t heater formed on Al2O3 substrate was then attached to the YSZ
late by the inorganic adhesive, which provided the required heat-

ng temperature for the sensor. The schematic diagram of the sensor
as shown in Fig. 1.

The gas sensing characteristics of the fabricated sensors were

easured by a conventional static method [14,15]. The electric

otential difference (V) between the SE and the RE was mea-
ured with a digital electrometer (Rigol Technologies, Inc., DM3054,
hina) when the sensor was exposed to air or sample gas. The
Fig. 1. Schematic diagram of the sensor.

results obtained were recorded with a computer connected to the
electrometer [16]. The desired concentration of sample gas was
obtained by the static liquid gas distribution method, which was
calculated by the following formula [17,18],

C = 22.4  × � × ϕ × V1

M × V2
× 1000

where, C (ppm) is the desired target gas concentration; � (g/mL) the
density of the liquid; ϕ the required gas volume fraction; V1 (�L)and
V2 (L) the volume of the liquid and chamber, respectively; and M
(g/mol) the molecular weight of the liquid. The current–voltage
(polarization) curves of the sensor were carried out by means of
the potentiodynamic method (CHI600C, Instrument corporation of
Shanghai, China) using a two-electrode configuration in the base
gas (air) and the sample gas (200 ppm acetone + air) at 600 ◦C.

3. Results and discussion

The crystalline structure of the product prepared was  identi-
fied by X-ray diffraction (XRD). Fig. 2(a) reveals the XRD pattern
of Zn3V2O8 composite oxide material. All the diffraction peaks for
Zn3V2O8 matched well with those of standard XRD patterns of the
orthorhombic structure of Zn3V2O8 oxide, which agreed well with
the reported values from the Joint Committee on Powder Diffrac-
tion Standards card (JCPDS#34-0378). The sharp diffraction peaks
also suggested the good crystallinity of the prepared Zn3V2O8 com-
posite oxide sensing electrode material. Additionally, it can be
seen, from Fig. 2(b), that the as-prepared other oxide (Ni3V2O8
and Co3V2O8) show good agreement with the Joint Committee
on Powder Diffraction Standards cards Ni3V2O8 (JCPDS#74-1484)
and Co3V2O8 (JCPDS#74-1486), respectively. The morphologies of
M3V2O8 sensing electrode materials were characterized by FESEM.
The low magnification FESM image of Fig. 3(a) revealed that the
Zn3V2O8 sensing electrode shows a loose and porous morphology,
which the pore size is roughly 2 �m.  It can be observed that, from
Fig. 3(b), Zn3V2O8 is composed of particles with the rough size in
the range of 1–4 �m.  Furthermore, the EDS mapping images of the
surface of Zn3V2O8 sensing electrode layer are shown in Fig. 3(c–f).
For the Zn3V2O8 sensing electrode layer, as can be seen, the sig-
nals of Zn, V, O were detected on the surface of material. The SEM
images of M3V2O8 (M:  Co and Ni) in Fig. 3(g and h) indicated that
the Co3V2O8 and Ni3V2O8 sensing electrode materials also showed
porosity of morphology with the rough size of 1 and 0.5 �m,  and
the particle size was roughly in the range of 1–4 and 0.2–2 �m.

The response of the sensor attached with M3V2O8 (M: Zn, Co
and Ni) as sensing electrode materials to 200 ppm acetone were

measured and shown in Fig. 4. It is clearly seen that the sensor uti-
lizing Zn3V2O8–SE exhibited the highest response value (−82.5 mV)
comparing with the device attached with other oxide materials
as sensing electrodes. The acetone sensing mechanism for the
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was considered to be 600 C. As we  known, the MOS based sensors
can work at operating temperature below 400 ◦C, which reduce
power consumption. But, compared with reported [6,30–34], the
present sensor fabricated has the advantages of relative small shifts

Table 1
Comparison of the mixed potential estimated and the potential difference value
observed for the sensors using M3V2O8 (M:  Zn, Co and Ni)–SEs to 200 ppm acetone
at  600 ◦C.

Sensor Acetone Conc. Mixed potential Potential difference
ig. 2. (a) XRD pattern of Zn3V2O8 composite oxide material; (b) XRD pattern of
3V2O8 (M:  Ni and Co) oxide materials.

ensor attached with M3V2O8–SEs was based on mixed poten-
ial type theory [19–21]. For acetone atmosphere, the acetone gas
assed through the electrode layer and reached the triple-phase-
oundary (TPB) of SE/YSZ/acetone gas. And then, the following two
lectrochemical reactions proceed simultaneously at the TPB and
onsequently formed a local cell at the SE. When the rates of the
athodic (1) and anodic reaction (2) are equal to each other, the
ynamic equilibrium is reached, and the electrode potential is the
ixed potential. The difference of the sensing electrode and refer-

nce electrode potentials is measured as the sensing signal.

athodic : O2 + 4e− → 2O2− (1)

nodic : 1/4 C3H6O + 2O2− → 3/4CO2 + 3/4H2O + 4e− (2)

The sensing signal intensity is determined by the rates of
lectrochemical reactions (1) and (2), nevertheless, the rates of
lectrochemical reaction are strongly dependent on the micro-
orphology structure of electrode materials. Therefore, as shown

n Fig. 3, the reason for the different response of the sensor
sing M3V2O8–SEs may  be attributed to the different micro-
orphologies of sensing electrode materials. The Zn3V2O8–SE

aterial exhibited the largest pore size, comparing with that of

ther two oxide materials. This porosity of sensing electrode mate-
ial with the larger pore size could provide the relatively superior
iffusion channels to acetone gas and accelerated the diffusion
rs B 221 (2015) 673–680 675

in sensing electrode layer and reduced the acetone consumption
in the process of the spread of sensing electrode layer. This will
ensure that large quantities of acetone gases smoothly reach to the
TPB and participate in the electrochemical reaction to the point of
largest response. Additionally, the Zn3V2O8 oxide material showed
an improved conductivity and electrochemical capacity [22–24].
Based on these excellent properties, it was  beneficial to the elec-
tron transport, which could accelerate the electrochemical reaction
(2) and result in the highest response value. In order to further
clarify the reason for the highest response of the sensor utiliz-
ing Zn3V2O8–SE and validate the proposed mixed-potential model,
the polarization curves in air and 200 ppm acetone for the sen-
sors attached with M3V2O8 (M:  Zn, Co and Ni)–SEs at 600 ◦C were
measured and shown in Fig. 5. The cathodic polarization curve was
obtained in air, and the anodic polarization curve was obtained by
subtracting in air from in sample gas (200 ppm acetone + air). It is
clearly seen that the sensor attached with Zn3V2O8–SE exhibited
the highest electrochemical catalytic activity to anodic reaction of
acetone, by comparing the anodic polarization curves of the sen-
sors using M3V2O8 (M:  Zn, Co and Ni)–SEs. In this case, the sensor
attached with Zn3V2O8–SE gave rise to the highest response to ace-
tone in the examined concentration at 600 ◦C. Therefore, we  paid
considerable attention to the sensor based on Zn3V2O8–SE. Addi-
tionally, the mixed potential can be estimated from the intersection
of the cathodic and anodic polarization curves [25–28]. Based on the
comparison of the mixed potential estimated values and the poten-
tial difference values experimentally observed for fabricated three
devices, in Table 1. The estimated values (−52, −43 and −80.5 mV)
for the sensor attached with Co3V2O8, Ni3V2O8, and Zn3V2O8 as
SE are in close proximity to those observed values (−54, −44 and
−82.5 mV). These coincidences indicate that the present sensors
conform to the mixed-potential mechanism.

It is well known that the response of the sensor depended
strongly on the operation temperature. Therefore, the optimal
operating temperature of the sensor attached with Zn3V2O8–SE
to acetone was  investigated. The response and recovery transients
for the sensor using Zn3V2O8–SE to 100 ppm acetone at different
operating temperatures are exhibited in Fig. 6. It can be observed
that the response to 100 ppm acetone for fabricated sensor tended
to increase initially with the increasing of the operating tempera-
ture and the highest response value was obtained at 600 ◦C. Above
600 ◦C, the response of the sensor tended to decrease. The occur-
rence of the electrochemical reaction for the present device at TPB
needed definite activation energy [29]. The electrochemical reac-
tion did not gain enough activation energy at below 600 ◦C, thus,
the sensitivity of the sensor to acetone increased with the increas-
ing of temperature. However, the desorption process of acetone
exhibited dominant at above 600 ◦C, and the amount of acetone
adsorbed on the SE became less and less along with the increas-
ing temperature. Hence, the sensitivity of the sensor to acetone
decreased with further increases in operating temperature. Conse-
quently, the optimal operating temperature for the present sensor

◦

(ppm) (estimated) (mV) value (observed) (mV)

Co3V2O8–SE 200 −52 −54
Ni3V2O8–SE 200 −43 −44
Zn3V2O8–SE 200 −80.5 −82.5
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ig. 3. (a and b) SEM images of Zn3V2O8 sensing electrode material; (c–f) EDS map
i)  sensing electrode materials.

n long-term stability tested period, large sensitivity and relative
hort response and recovery times to acetone. These factors are
eneficial to ensure the accuracy of the detection in the process
f practical application. Based on the viewpoint of low energy con-

umption, however, the development of high performance and low
ower consumption mixed potential type gas sensor by developing
ew type electrode materials and designing new device structure
till need to devote more in our future work.

ig. 4. Response of the sensors to 200 ppm acetone attached with different materials
s sensing electrode at 600 ◦C.
mages of the surface of Zn3V2O8–SE; (g and h) SEM images of M3V2O8 (M:  Co and

The response transients curve for the YSZ-based sensor attached
with Zn3V2O8–SE toward different concentrations of acetone in
the range of 10–400 ppm was  examined at 600 ◦C and the results
obtained are shown in Fig. 7(a). It is seen that the response of
the present sensor to acetone reached the steady-state value in

a short time in the range of measured concentrations. The typical
90% response time for the sensor using Zn3V2O8–SE toward 50 and
100 ppm acetone are approximately 34 and 27 s, respectively. The

Fig. 5. Polarization curves in air and 200 ppm acetone for the sensors attached with
M3V2O8 (M: Zn, Co and Ni)–SEs at 600 ◦C.



F. Liu et al. / Sensors and Actuators B 221 (2015) 673–680 677

Table  2
Comparison of the sensing performance of the present sensor and that of devices reported in literatures.

Material Acetone concentration
(ppm)

Response (mV) Sensitivity (slope)
(mV/decade)

Reference

Zn3V2O8 100 −69 −56 Present work
NiCr2O4 100 −60 −22 [10]
SnO2 100 22 45 [11]
Pt/CeO2/SnO2 100 19 36 [11]
�-Fe2O3 nanoparticle 100 22.4 (R = R
ZnO 100 10.5 (R = R
Porous ZnO/ZnCO2O4 100 7.5 (R = Ra

Fig. 6. Response and recovery transients for the sensor using Zn3V2O8–SE to
100 ppm acetone at different operating temperatures.

Fig. 7. (a) Response transients curve for the YSZ-based sensor attached with
Zn3V2O8–SE toward different concentrations of acetone in the range of 10–400 ppm
at 600 ◦C; (b) dependence of �V  on the acetone concentration for the sensor attached
with Zn3V2O8–SE at 600 ◦C.
acetone/Rair) – [30]
acetone/Rair) – [31]

cetone/Rair) – [35]

response for the sensor attached with Zn3V2O8–SE to 100 ppm ace-
tone at 600 ◦C was  still as large as −69 mV.  The dependence of �V on
the acetone concentration for the sensor attached with Zn3V2O8–SE
at 600 ◦C is depicted in Fig. 7(b). In this case, almost a linear relation-
ship between the �V and the logarithm of acetone concentration in
the examined range of 10–400 ppm at 600 ◦C was observed, which
conforms to mixed potential type sensor. The sensitivity of the
fabricated sensor was −56 mV/decade. The comparison of the ace-
tone sensing property for the current fabricated sensor and that
reported previously in literature is presented in Table 2. Obviously,
the sensor using Zn3V2O8–SE exhibited better sensing performance
to acetone than previously reported devices. Moreover, the �V
for the present sensor to acetone in the range of 1–10 ppm was
also measured at 600 ◦C and the result obtained is shown in the
inset of Fig. 7(b). It is surprising that the sensor attached with
Zn3V2O8–SE could detect even 1 ppm acetone with an acceptable
response (−2.5 mV). In this case, the �V  also varied linearly with
acetone concentration in the range of 1–10 ppm and the slope was
significantly lower than that of high concentration range, which
is −16 mV/decade. The reason for the occurrence of such a linear
dependence of acetone sensitivity in the low concentration range
is may  be followed. As known very well, the electrochemical reac-
tion for the present fabricated sensor occurred at the TPB. And the
sensing signal of the sensor depended on the concentration of ace-
tone at TPB of SE and the amount of active sites of TPB. For the
low concentration range of acetone (1–10 ppm), the amount of TPB
active sites for the sensor attached with Zn3V2O8–SE are enough to
provide the electrochemical reaction, thereby, the sensitivity of the
sensor are mainly related to the amount of acetone, which reached
the TPB of SE and participated in the electrochemical reaction
[36,37]. When the sensor is exposed to the acetone atmosphere,
the acetone gas need pass through the sensing electrode layer and
reach the TPB, which participate in the electrochemical reaction.
Although with a porosity structure for the SE, a certain amount
of gas was  still consumed in the process of diffusion through the
Zn3V2O8–SE layer. When the concentration of the measured ace-
tone is at a lower level (1–10 ppm), the acetone consumption in the
process of diffusion accounted for the proportion of the total quan-
tity of acetone is larger than that of higher acetone concentration
(10–400 ppm). Therefore, the relatively low sensitivity to acetone
concentration in the range of 1–10 ppm was observed.

The continuous response–recovery transients of the sensor
attached with Zn3V2O8–SE to 50 ppm acetone at 600 ◦C had been
measured, as illustrated in Fig. 8. It is clearly seen that the potential
difference response to 50 ppm acetone and air for fabricated sen-
sor was  effectively reproduced in the examined ten-time cycles,
which was  confirmed that the sensor exhibited good repeatabil-
ity. Additionally, the selectivity and stability for a gas sensor are
important sensing performance parameters, Fig. 9 shows the cross-
sensitivities for the sensor attached with Zn3V2O8–SE at 600 ◦C

to various gases, such as ethanol, toluene, methanol, NO2, etc. It
can be seen that the present sensor exhibited an obvious response
to 50 and 100 ppm acetone, and less effective response to any
other tested gases. Moreover, the response of the sensor to 50 ppm
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to ethanol remains to be further investigated in the future work.
On the whole, the present sensor still displayed selectivity to var-
ious interfering gases and excellent sensitivity to acetone even at
elevated temperature for a long term that after 30 days.
ig. 8. Continuous response–recovery transients to 50 ppm acetone for the sensor
ttached with Zn3V2O8–SE at 600 ◦C.

cetone was clearly higher than that to 100 ppm other gases. Fur-
hermore, the fabricated device was evaluated in the coexisting
ases of 50 ppm acetone in conjunction with other interfering
ases, such as ethanol, toluene, isooctane, and CO at 600 ◦C. Based
n the comparison of the response value of the sensor to mix-
ure gases and 50 ppm of pure acetone, there was relatively small
hange from −11.5% to 7.1%. Therefore, it was concluded that
he sensor using Zn3V2O8–SE showed good selectivity to acetone
s oppose to any other gases. The long-term stability to 50 ppm
nd 100 ppm acetone for the sensor attached with Zn3V2O8–SE
t 600 ◦C is shown in Fig. 10. The change amplitude of the �V
or the sensor attached with Zn3V2O8–SE changed slightly to 50
nd 100 ppm acetone during the 30 days measurement period.
n order to further illustrate exactly the change amplitude of the

V  with time, the change of the �V  (�Vs) for the sensor is given
y �Vs = [(�Vn − �V0)/�V0 × 100%], where �Vn and �V0 denote
he �V of the sensor on the n and 0 day, respectively. The results
howed that the �Vs for the sensor to 50 and 100 ppm acetone on
he 30th day were −3.0% and −10.1%, respectively. Therefore, the
resent fabricated sensors showed relatively good stability. Fur-
hermore, the sensitivity and selectivity for the sensor attached
ith Zn3V2O8–SE after 30 days high-temperature-aging of 600 ◦C
ere investigated and shown in Fig. 11. It was found that, from

ig. 11(a), the sensitivity of the fabricated sensor after 30 days
igh-temperature-aging decreased −2 and −9 mV/decade to ace-

◦
one concentration in the range of 1–10 and 10–400 ppm at 600 C,
omparing with that of device before aging. It can be seen that, in
ig. 11(b), the device after 30 days aging also exhibited an obvi-
us response to acetone, and less effective response to any other

ig. 9. Cross-sensitivities for the sensor attached with Zn3V2O8–SE to various gases
t  600 ◦C.
Fig. 10. Long-term stability to 50 ppm and 100 ppm acetone for the sensor attached
with Zn3V2O8–SE at 600 ◦C.

tested gases. Moreover, the effect of the ethanol as coexistence gas
on acetone response for the fabricated sensor could not be ignored.
By comparing the response value of the sensor to mixture gases
(50 ppm acetone + 50 ppm ethanol) and 50 ppm of pure acetone,
the change of response was  18%. The improvement of selectivity
Fig. 11. (a) Dependence of �V on the acetone concentration for the sensor attached
with Zn3V2O8–SE on the 30th day of examination at 600 ◦C; (b) cross-sensitivities
for  the sensor attached with Zn3V2O8–SE to various gases on the 30th day of exam-
ination at 600 ◦C.
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. Conclusion

In summary, mixed potential type YSZ-based electrochemical
as sensors using M3V2O8 (M:  Zn, Co, and Ni) as sensing electrode
ere fabricated to detect acetone at the operating temperature of

00 ◦C. Three kinds of M3V2O8 were prepared by sol–gel method
nd their sensing properties were investigated. Among these com-
lex oxides evaluated, Zn3V2O8 was found to be most applicable to
he sensing electrode for the YSZ-based sensor to detect acetone.
he result indicated that the sensor attached with Zn3V2O8–SE
xhibited large response (−69 mV)  to 100 ppm acetone and sen-
itivity (−56 mV/decade) to acetone concentration in the range of
0–400 ppm at 600 ◦C. The low detection limit for present sensor
as 1 ppm to acetone. Additionally, the fabricated sensor displayed

he excellent stability in 30 days measurement period, and good
ensitivity and selectivity after 30 days high-temperature-aging
f 600 ◦C. Based on these remarkable sensing characteristics, the
resent sensor showed the potential application value for detecting
cetone in atmosphere and diabetes.
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