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L SUMMARY AND MOTIVATION

Nanocomposite Zn,SnO4/SnO, powder was obtained by
solid state synthesis from homogenized starting nanopowders
of ZnO and SnO» mixed in the 1:1 molar ratio, structurally and
morphologically characterized using X-ray diffraction (XRD)
and Scanning Electron Microscopy (SEM). Thick film paste
was made by adding organic vehicles to the obtained powder.
Three to five layers (layer thickness approx. 12 pm) were
screen printed on alumina substrate with small test PdAg
electrodes and fired at 600°C for 30 minutes. SEM analysis
confirmed formation of a porous structure suitable for humidity
sensing. Impedance response was studied at the working
temperatures of 25 and 50°C in a humidity chamber where the
relative humidity (RH) was 30-90% and measured frequency
42 Hz — 1 MHz. With increase in film thickness the overall
sensor impedance increased. It reduced at 100 Hz from 36 to
0.25 MQ (60 pm), from 23.4 to 0.25 MQ (48 pm) and from
6.8 to 0.02 MQ (36 um) at 25°C, while at 50°C the overall
measured impedance was lower, and reduced from 14 MQ to
0.72 MQ (48 pm) for RH 30 and 90%, respectively. The
response (8 s) and recovery (10 s) was fast, showing that this
nanocomposite has potential for application in humidity
sensing.

Metal oxide materials have been widely investigated as gas
sensing materials, as they are robust, highly sensitive, exhibit a
fast response time and are inexpensive [1]. Humidity
monitoring and humidity sensors are essential components of
future sensor nodes that are part of the first tier in future
Internet of Things (IoT) networking platforms [2]. One path for
improvement of gas sensing materials is to combine metal
oxides together in order to achieve improved properties [3].
Solid state synthesis is a simple and industrially applicable
technique for obtaining powders [4], while commercial metal
oxide sensors are commonly obtained by screen-printing paste
on a sensor substrate with electrodes.

II.  ADVANCES OVER PREVIOUS WORKS

Tin-based functional semiconductors such as SnO, and
ZnSn0O4 have been the subject of much research due to
promising application in solar cells, photocatalysis, gas sensors
and lithium ion batteries [3, 5]. Zinc oxide (ZnO) and tin oxide
(Sn0») have been extensively investigated as gas sensors [6].
One of the main drawbacks of SnO, humidity sensors are long
response, slow recovery times and low hysteresis, but good
sensitivity [7, 8]. Improved hysteresis and faster
response/recovery times have been obtained using composite
ZnO-SnO, sensors [8]. Much work has focused on

Sn0,/Zn,SnO4 composites for application in gas sensing. Thus,
recently Sun et al [3] achieved improved formaldehyde sensing
performance of this composite by synthesizing hollow
microspheres. Moon et al [9] determined that adding small
amounts of spinel Zn,SnO4 to SnO» improved sensitivity to CO
gas in the temperature range 150-300°C, while Yu and Choi
[10] investigated variations of ZnO/SnO»/Zn,SnO4 layered
sensors. Investigation of the sensitivity of porous
Zn,Sn04/SnO> hierarchical spheres to triethylamine [11] and
Zn,SnO4-doped SnO2 hollow spheres to phenylamine [12]
confirmed that composites of these two metal oxides result in
improved gas sensing properties. We have investigated
possible application of nanocomposite Zn,SnO4/SnO; thick
films in humidity sensing.

III. RESULTS AND METHODOLOGY
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Fig. 1: XRD pattern of Zn,SnO4/SnO, nanocomposite powder
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Fig. 2: SEM micrograph of Zn,SnO4/SnO, nanocomposite powder
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Fig. 1 shows the XRD pattern obtained for the
Zn;Sn04/SnO, nanocomposite powder obtained by mixing
starting ZnO and SnO; nanopowders (grain size <100 nm) in
the 1:1 molar ratio, followed by calcination at 1050°C for 2 h,
confirming the formation of a spinel Zn,SnO4/SnO;
nanocomposite, with average particle size below 300 nm, as
shown in the SEM micrograph in Fig. 2. Thick film paste was
made by mixing the obtained powder with organic vehicles
using the procedure of Ito et al [13], we have previously
applied [14]. It was screen printed on test PdAg electrodes on
alumina substrate in 3-5 layers (the average layer thickness was
12 pm) and samples were fired at 600°C for 30 minutes. An
image of the obtained porous thick film surface is shown in
Fig. 3, while a view of a thick film sample is shown in Fig. 4.

Change in complex impedance of Zn,SnO4/SnO; thick film
samples in the frequency range 42 Hz to 1 MHz with relative
humidity (RH) in the range 30-90% was monitored in a JEIO
TECH TH-KE 025 temperature and humidity climatic chamber
at working temperatures of 25 and 50°C. As shown in Fig. 5
the modulus of complex impedance decreased with frequency
and also with increase in relative humidity in the climatic
chamber for all analysed samples, most expressed at lower
frequencies, as shown in Fig. 6 at 100 Hz for two different

sample thicknesses.
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Fig. 3: SEM micrograph of Zn,Sn0O./SnO, nanocomposite thick
film sample surface
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Fig. 4: Zn,Sn04/SnO; nanocomposite thick film samples printed on
alumina substrate with test PdAg electrodes
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Fig. 5: Change of impedance of Zn,SnO,/SnO, nanocomposite thick
film sample with frequency in the RH range 30-90%
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Fig. 6: Change of impedance of Zn,SnO,/SnO, nanocomposite thick
film sample with RH at 100 Hz for different film thicknesses
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Fig. 7: Response and recovery times for a Zn,SnO4/SnO, nanocomposite
thick film sample with RH at 100 Hz

An example of the response (time needed to reach 90% of
the total response to a certain RH value from the baseline
value) and recovery time (the time the sensor needs to return
to 90% of the starting baseline signal) measured at 100 Hz for
a ZnSn04/SnO; thick film 60 pm thick film sample is shown
in Fig. 7. The time for the response was slightly faster (about 8
s) than the recovery (about 10 seconds), but both were

relatively fast.
These results obtained for Zn,SnO4/SnO; thick film

samples indicate that this nanocomposite material has
potential for application in humidity sensing.
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