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Bis2s5Lag75Tis0q2 (BLT) powder is synthesized via a metal-organic decomposition (MOD) method, and
mesoporous structure is formed in the BLT powder via nanocasting method. The humidity sensing prop-
erties of BLT and mesoporous BLT (M-BLT) humidity sensors are investigated at room temperature within
the relative humidity (RH) range of 11-95%. The BET surface area of M-BLT powder (10.8 m?/g) is remark-
ably bigger than it of BLT powder (0.4 m?/g). The optimum working frequency of BLT and M-BLT humidity
sensors are 100 Hz, and the impedance variation of M-BLT humidity sensor is about six orders of magni-
tude within the whole humidity range from 11% to 95% RH, which is six times more than it of BLT humidity
sensor (only about one order of magnitude). Linearity of the M-BLT humidity sensor is obviously better
than it of the BLT humidity sensor, and its maximum linear error is only 2% at 75% RH. The response
time and recovery time of M-BLT humidity sensor are about 32 s and 68 s at 100 Hz. The results indicate
that mesoporous structure is beneficial for enhancing the humidity sensing properties of materials, and
nanocasting method would be one of important and effective approach for preparing high-performance
humidity-sensing material.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Humidity sensor has attracted considerable attention due to its
wide and essential application in industrial process control and
environment monitoring, such as corrosion estimations in indus-
try, moisture monitoring in highly sophisticated integrated circuits
and food quality preservation [1-5]. Large specific surface area
of the materials is beneficial for the sensing properties of the
humidity sensor owing to the exposure of more active sites to the
adsorbed water molecules as well as more defects forming on the
surface [6,7]. Many methods can be used to prepare the materi-
als with large specific surface area, such as hydrothermal method
[8], electrospinning [9], nanocasting method [10,11] and so on.
Among various preparation methods of materials, the nanocast-
ing method is an efficient approach for synthesis of highly ordered
crystalline materials, because the hard templates provide stable
supports for high-temperature crystallization [6]. Moreover, the
nanocasting method is one of the most significant strategies for
synthesizing low-dimensional mesoporous materials with large
specific surface area [12]. The humidity sensing materials with

* Corresponding author.
E-mail address: zhangyong@xtu.edu.cn (Y. Zhang).

http://dx.doi.org/10.1016/j.snb.2016.02.022
0925-4005/© 2016 Elsevier B.V. All rights reserved.

mesoporous structure have attracted considerable interests due
to their uniform pore sizes, easy surface functionalization, tunable
pore structures and large specific surface area [13,14]. Mesoporous
materials with large specific surface area and abundant porosity can
provide more defects formed on the surface and offer numerous
channels and short diffusion paths for efficient transport of elec-
trons and ions [15]. In addition, the pores of mesoporous materials
can provide favorable diffusion accessibility for water molecules to
move reversibly from ambient atmosphere to the inside of pores
[16]. Therefore, the large specific surface area and abundant poros-
ity of the mesoporous materials are quite helpful for the adsorption
of water molecules and beneficial for humidity sensing properties
of materials [17].

Rare earths have been immensely used to modify the humidity
sensing properties of functional materials for their unique physic-
ochemical activity [18,19]. Compared with simple metal oxide,
complex metal oxide is a promising candidate for humidity sen-
sors due to their higher chemistry stability and catalytic activity
[20]. Bi4Tiz304; (BTO), a family of bismuth-layered perovskite com-
pounds, belongs to Aurivillius phases, which consists of (Bi;0,)2*
and perovskite-like (A;_1BnO3ns1 )2~ layers [21-23], and site sub-
stitution (ion substitution of A or B sites in BTO) is one of the
important factors that can improve the humidity sensing properties
of the materials [24,25]. La-doped BTO suppresses the evaporation
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of bismuth and the extensive grain growth [26,27], and La-doping
results in oxygen vacancies and crystalline structure defects, which
is beneficial for the adsorption of water molecules [28]. Accord-
ing to previous works [29-31], there is good crystallinity for the
(Big_xLaxTiz0q2) at a composition around x =0.75, therefore it is
expected that La-doping may greatly enhance the humidity sensing
performance of BTO.

In this paper, Biz 35Lag 75Ti3015 (BLT) powder is synthesized via
a metal-organic decomposition (MOD) method, and mesoporous
structure is formed in the BLT powder via nanocasting method
by using mesoporous silica SBA-15 as the hard template. The BLT
and mesoporous BLT (M-BLT) powders are characterized by X-
ray diffraction (XRD), field-emission scanning electron microscopy
(FE-SEM), transmission electron microscopy (TEM) and specific
surface and pore size analysis instrument, which subsequently fab-
ricated by coating them on the ceramic substrates with Ag-Pd
interdigitated electrodes to form the humidity sensors. In order to
investigate the effect of mesoporous structure on BLT powder, the
humidity sensing properties of BLT and M-BLT humidity sensors are
measured in the whole relative humidity (RH) range of 11-95%. To
avoid the polarization effects of adsorbed water, the sensing prop-
erties of many ionic-type humidity sensors should be evaluated
by impedance changes [32]. We expect that the results may offer
useful guidelines to prepare high-performance humidity-sensing
materials with large specific surface area.

2. Experiment

2.1. Preparations and characterizations of BLT and M-BLT
powders

The BLT powder was synthesized by MOD method. The BLT
precursor solution was prepared by mixing bismuth nitrate, lan-
thanum acetate and tetrabutyl titanate. Firstly, an appropriate
amount of bismuth nitrate was dissolved in acetic acid and 2-
methoxyethanol with a volume ratio of 1:1 in air (solution A).
Meanwhile, lanthanum acetate was dissolved in acetic acid and
deionized water with a volume ratio of 2:1 (solution B). Then, the
solutions A and B were mixed and constantly stirred for about
2 h until a transparent solution (solution C) was obtained. Subse-
quently, in order to prevent the hydrolysis caused by the moisture
in air, acetylacetone was added into the transparent solution C. At
last, a stoichiometric amount of tetrabutyl titanate solution was
added to the mixture solution. This mixture solution was left for
12 h under stirring at room temperature. The as-prepared mixture
solution was carefully transferred to a dish, dried at 100 °C for three
days to evaporate the solvent and then calcined at 750 °C for 3 h to
obtain the yellow BLT powder.

In order to prepare M-BLT powder subsequently, the hexagonal
mesoporous silica SBA-15 as hard template was prepared firstly.
The detailed procedure was shown as follows: firstly, 2 g Pluronic
P123 (EO5gPO,0EOQ,9, MW =5800, Sigma-Aldrich) as a surfactant
template was dissolved in 60 ml HCl solution (2 M) at room tem-
perature. Then, 4.25 g tetraethyl orthosilicate (TEOS) was added
dropwise under stirring at 40 °C for 24 h. Subsequently the mixture
was transferred into a closed Teflon-lined stainless steel autoclave
and subsequently heated at 100 °C for 24 h under a static condition.
The autoclave was cooled down naturally. Finally, the product was
filtered off, washed with deionized water, dried at 80°C for 12h,
and calcined at 550 °C for 6 h to obtain the pure mesoporous silica
SBA-15.

The M-BLT powder was synthesized via MOD method combin-
ing with nanocasting method, and the preparation procedure was
shown as follows: firstly, 0.5 g as-prepared silica SBA-15 was added
to the solution C. Acetylacetone was added into the mixture solu-

tion so as to prevent the hydrolysis caused by the moisture in air.
Then, a stoichiometric amount of tetrabutyl titanate solution was
added. The above mixture solution was stirred for 12h at room
temperature, dried at 100 °C, and calcined at 550 °C for 3 h to obtain
the light yellow powder. To make the BLT precursor fully into the
pores channel of silica SBA-15 template, the second impregnation
process was shown as follows: firstly, the molar volume of bismuth
nitrate, lanthanum acetate and tetrabutyl titanate in half and the
above light yellow powder were mixed, then the mixture solution
was repeated following the above same conditions. The resultant
powder was calcined at 750 °C for 3 h to obtain BLT/SiO, powder.
Finally, the silica SBA-15 template was removed by using NaOH
aqueous solution (2 M) at room temperature for three times. The
yellow M-BLT powder was obtained by washing with water and
ethanol, and drying at 80°C for 12 h.

The crystalline structures of the BLT, SBA-15 and M-BLT pow-
ders were observed by XRD (Germany, Brukers-AXS, D8 Advance)
with a Cu Ko (A=0.15418 nm). The morphologies were charac-
terized by using FE-SEM (Japan, Hitachi, S-4800) and TEM (Japan,
JEOL, JEM-2100). The N, adsorption/desorption isotherm studies
were performed on a specific surface and pore size analysis instru-
ment (China, Beishide Instrument Technology (Beijing) Co., Ltd.,
3H-2000PS). The specific surface area was determined from the lin-
ear part of the Brunauer-Emmett-Teller (BET) plot, and the average
pore size was calculated from the desorption branch based on the
Barrett-Joyner-Halenda (BJH) method.

2.2. Fabrication and measurement of the humidity sensor

The as-synthesized BLT and M-BLT powders were respec-
tively mixed with deionized water in a weight ratio of 4:1 to
form the pastes. The pastes were coated onto the substrate
(6 mm x 3mm x 0.5mm) with five pairs of Ag-Pd interdigitated
electrodes (electrodes width and distance: 0.15 mm) to form a sens-
ing film, and then the film was dried in air at 60 °C for 5 h. Before
the humidity sensing test, all the humidity sensors were aged with
a voltage AC 1V for 24 h under 95% RH vapor environment [7,33].
The schematic diagrams of the humidity sensor structure and the
measurement setup are shown in Fig. 1.

The humidity sensing properties of the BLT and M-BLT humidity
sensors were measured on intelligent humidity sensitive analysis
system (China, Beijing Elite Technology Co., Ltd., CHS-1). The AC
voltage applied was 1V, and the frequency varied from 10Hz to
100kHz. The controlled humidity environment was achieved by
supersaturated aqueous solutions of LiCl, MgCl,, Mg(NO3),, Nacl,
KCl, and KNOs in a closed glass vessel at room temperature, which
yielded approximately 11%, 33%, 54%, 75%, 85% and 95% RH, respec-
tively [34]. 10h were spent to ensure the air in the glass vessel
reaches equilibrium state in the investigations. The RH of laboratory
atmosphere was maintained at 25% RH by using an automatic drier.
Theresponse time and recovery time were defined as the time taken
by a sensor to achieve 90% of the total impedance change in the case
of adsorption and desorption [35,36]. The hysteresis was measured
by switching the humidity sensor between the chambers of 11%,
33%, 54%, 75%, 85% and 95% RH, and then shifting back. All of the
sensing measurements were performed at a constant temperature
of 25°C.

3. Results and discussion
3.1. Materials characterization
Fig. 2(a) shows the low-angle XRD patterns of SBA-15, BLT and

M-BLT powders. There are three diffraction peaks in the low-angle
XRD pattern of SBA-15, which can be indexed to the (100), (110)
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Fig. 1. The schematic diagrams of (a) the humidity sensor structure and (b) the measurement setup.

Fig. 2. (a) Low-angle XRD patterns of SBA-15, BLT and M-BLT powders; (b) Wide-angle XRD patterns of BLT and M-BLT powders.

and (2 00) reflections of two-dimensional hexagonal mesoporous
structure [37]. The (100) diffraction peak also appears in the low-
angle XRD pattern of M-BLT powder but not be observed in the
low-angle XRD pattern of BLT powder. From Fig. 2(a), the (100)
diffraction peak of M-BLT powder is shifted to the lower angles
compared to that of SBA-15. According to previous work [6,7],
the appearance of (100) diffraction peak illustrates that the M-
BLT powder is of mesoporous structure which is replicated from
SBA-15 template. Compared with the template SBA-15, the (110)
and (2 00) diffraction peaks cannot be observed in the low-angle
XRD pattern of M-BLT powder, and this is due to the BLT precursor
incompletely filling into the SBA-15 template pores [ 7], which illus-
trates the ordering of the pore array is decreased [38,39]. Moreover,
because the radiuses of Bi and La atoms are bigger than Si atomic
radius of SBA-15, the interplanar distance of the M-BLT powder
with the SBA-15 template removed is bigger than it of the SBA-15
powder [40], resulting in the diffraction peaks of M-BLT powder
shifting to the lower angles compared with that of SBA-15. The
above discussions show that the mesoporous structure which is
similar to the SBA-15 template is replicated to the M-BLT powder
while not formed in the BLT powder. The wide-angle XRD patterns
of BLT and M-BLT powders are shown in Fig. 2(b). It can be noted
that the diffraction peaks of BLT and M-BLT powders can be indexed
to the orthorhombic BTO (ICSD #240210) [41], and BLT and M-BLT
powders exhibit a perovskite phase. From the figure, the diffraction
peak of SBA-15 at 20 =28.6° is observed in the M-BLT powder while
not observed in the BLT powder, and this phenomenon is caused
by the residual Si of the M-BLT from the SBA-15 template [6,7].
In addition, all diffraction peaks of M-BLT powder are more inten-
sive than these of BLT powder, which indicates that the obtained
perovskite-type M-BLT powder is of better crystal quality [42,43].

The morphologies of BLT and M-BLT powders are characterized
by FE-SEM and shown in Fig. 3(a) and (b). It can be clearly seen
from Fig. 3(a) that the BLT powder is composed of the irregular
grains with size of about 200nm and formed a dense structure.
From Fig. 3(b), M-BLT powder is of fluffy microstructure and is fea-
tured by a high porosity. Compared with BLT powder with dense
structure, the M-BLT powder with fluffy microstructure may be
of larger specific surface area, which may be quite helpful for the
water molecules adsorption and beneficial for its humidity sens-
ing properties [44,45]. To further investigate the morphologies of
the BLT and M-BLT powders, the TEM images of the BLT and M-
BLT powders are performed as shown in Fig. 3(c) and (d). It can be
seen from Fig. 3(c) that the BLT powder is of dense and nonporous
microstructure. From the inset of Fig. 3(c), it is obviously that the
BLT powder is composed of many crystallites and formed a dense
structure, which is consistent with the FE-SEM image mentioned
above. From Fig. 3(d), the abundant mesoporous can be found in
M-BLT powder and the pore diameter is about 20 nm, which may
be quite helpful for the adsorption of water molecules and is in
good agreement with the FE-SEM image. From the above discus-
sions, the introduction of mesoporous structure makes the M-BLT
powder have a fluffy microstructure, which may be quite helpful
for the adsorption of water molecules.

The N, adsorption-desorptionisotherms and the corresponding
pore size distribution of the BLT and M-BLT powders are shown in
Fig. 4. As seen in Fig. 4(a), the N, adsorption-desorption isotherm
of BLT powder is identified as type Il isotherm, and it shows that
the BLT powder is of mesoporous and macroporous [46]. From the
figure, two hysteresis loops appear in the relative pressure ranges
from 0.4-0.85 and 0.85-1.0 (P/Py). The formation of first loop at
0.4-0.85 is due to capillary condensation within mesoporous, and
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Fig. 3. FE-SEM images of (a) BLT and (b) M-BLT powders; (c¢) TEM images of BLT powder and (d) M-BLT powder.

Fig. 4. Nitrogen adsorption-desorption isotherms and the corresponding pore size distribution of (a) BLT powder and (b) M-BLT powder.

the second loop may arise from macropore [47]. Theinsetin Fig. 4(a)
is the pore diameter distribution of the BLT powder. The ranges of
pore diameters for BLT powder are from 2 to 161 nm and the aver-
age pore size of the BLT powderis 121 nm, this indicates BLT powder
is mainly composed of macropore. It can be seen from Fig. 4(b) that
the N, adsorption-desorption isotherm of M-BLT powder presents
the typical type-IV isotherm with a H3 hysteresis loop in the rela-
tive pressure range of 0.6-1.0, indicating that the M-BLT powder is
mainly composed of mesoporous [15,48], which is further verified
by the BJH pore size distribution data shown in the inset of Fig. 4(b).
The M-BLT powder is of a pore size distribution from 2 to 60 nm
and the average pore size of the M-BLT powder is 23.2 nm, which
indicates M-BLT powder is of mesoporous structure and it is con-
sistent with the results of low-angle XRD, FE-SEM and TEM images.
In addition, the BET surface area, pore volume and pore size distri-
bution of BLT and M-BLT powders are given in Table 1. As shown
in Table 1, the BET surface area and pore volume of M-BLT pow-
der (10.8 m2/g and 0.063 cm?/g) are remarkably higher than those
of BLT powder (0.4 m?/g and 0.012 cm3/g). Because the large spe-
cific surface area and pore volume of the mesoporous materials are

Table 1
The textural properties of BLT powder and M-BLT powder.

Sample BET surface Pore volume Average pore
area (m?/g) (cm?/g) size (nm)

BLT powder 04 0.012 121

M-BLT powder 10.8 0.063 23.2

quite helpful for the adsorption of water molecules, the formation
of mesoporous structure in humidity sensing materials can greatly
improve humidity sensing properties [13-15]. The results illustrate
that the M-BLT powder is of better humidity sensing performance
than BLT powder.

3.2. Humidity sensing properties

Fig. 5 shows the dependence of impedance on RH for BLT and
M-BLT humidity sensors at different frequencies. From Fig. 5(a)
and (b), the impedance of BLT and M-BLT humidity sensors is both
found to decrease with the frequency increasing, and their opti-
mum working frequency are both 100 Hz. Furthermore, when the
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Fig. 5. Impedance vs. RH curves of (a) BLT and (b) M-BLT humidity sensors at various frequencies. Insert shows the calibration curve of M-BLT humidity sensor in the range

of 11-95% RH at 100 Hz.

frequency is 100 Hz, it can be clearly seen that the impedance varia-
tion of the BLT humidity sensor (only about one order of magnitude)
is obviously smaller than it of the M-BLT humidity sensor (about six
orders of magnitude) within the whole humidity range from 11%
to 95% RH, which illustrates that the impedance of BLT humidity
sensor changes a little and the BLT humidity sensor is of low sensi-
tivity. It should be noted that there is no data for 11, 33 and 54% RH
at 10 and 50 Hz in Fig. 5(a), which is because the impedance value
of BLT humidity sensor is too large (over 10° 2), and the humidity
sensing materials with the high impedance are unsuitable for fabri-
cating the humidity sensors [49,50]. As showninFig. 5(b),at low RH,
the impedance curves turn flat at high frequency, which indicates
that the impedance of the M-BLT humidity sensor becomes inde-
pendent of RH. This is because the electrical field direction changes
fast at high frequencies and the polarization of water cannot catch
up withit, resulting in the capacitance and the dielectric constant of
the M-BLT humidity sensor being small and independent of the RH
[51,52]. Therefore, mesoporous structure of materials is beneficial
for enhancing the humidity sensing properties. The linearity error
is traditionally defined as the maximum deviation from a linear fit
(before or after a calibration procedure), expressed in percent of the
full range [53]. The inset of Fig. 5(b) shows the calibration curve of
M-BLT humidity sensor in the range of 11-95% RH at 100 Hz. As
can be seen from the inset of Fig. 5(b), the absolute value of the
slope is defined as the sensitivity of the humidity sensor, and its
maximum linear error is only 2% at 75% RH. When the frequency is
100 Hz, M-BLT humidity sensor is of good linearity and high humid-
ity sensitivity in the whole RH range. It is worth mentioning from
Fig. 5(b) that the M-BLT humidity sensor also has good linearity
and high humidity sensitivity when the frequencies are 10 Hz and
50Hz, and their maximum linear errors are 2% at 75% RH, which
means that the M-BLT humidity sensor may be of low operating
frequencies and the working frequency range of it is broadened.
The operating frequency of 100Hz for M-BLT humidity sensor is
applied in all investigations hereinafter.

It is well known that response and recovery behaviors are the
important characteristic parameter for evaluating the performance
of the humidity sensor. Fig. 6(a) shows the response and recovery
properties of the M-BLT humidity sensor corresponding to several
continuous water adsorption and desorption processes by switch-
ing the measurement atmosphere between 11% and 95% RH. As
can be seen from the figure, the M-BLT humidity sensor shows
good repeatability in the continuous measurements. At the oper-
ating frequencies of 100 Hz, the response time (as the humidity
changes from 11 to 95% RH) is approximately 32 s and the recovery
time (as the humidity changes from 95 to 11% RH) is about 68s.
The recovery time is longer than response time, which is due to the
slow desorption rate of water molecules among the M-BLT powder.

Although the M-BLT humidity sensor is inevitably exposed to the
laboratory atmosphere (about 25% RH) during the switching pro-
cess, the switching time (about 1-2 s) is smaller than the response
time (32s) of the M-BLT humidity sensor. Therefore, the correct-
ness of this experiment is acceptable, and it is consistent with the
previous experiments [54-56].

Hysteresis is one of the most important characteristic param-
eters which is usually used to estimate the reliability of humidity
sensors [57], and it is defined as the maximum difference between
the two outputs (adsorption and desorption cycle). Fig. 6(b) shows
the humidity hysteresis properties of the M-BLT humidity sensor at
100 Hz. It can be seen that the impedance changes from about 108
to 103  when RH changes from 11% to 95%. The upper line in the
figure stands for the course from low to high RH corresponding to
the adsorption process, while the other stands for the desorption
process. Moreover, the insets of Fig. 6(b) show the humidity hys-
teresis properties of the M-BLT humidity sensor at 10 and 50 Hz. At
10, 50 and 100 Hz, the maximum humidity hystereses of the M-BLT
humidity sensor are 12.7%, 13.3% and 12.0% RH respectively, which
illustrates that the M-BLT humidity sensor is of the best reliability
at the operating frequency of 100 Hz [45,57].

3.3. Discussion on the humidity sensing mechanism

The complex impedance plots can be used to research the
humidity sensing behaviors of materials [17,48]. The complex
impedance plots of the M-BLT humidity sensor at different RH are
shown in Fig. 7. The impedance measurements are made at fre-
quencies from 10 Hz to 100 kHz with a testing voltage of 1V. Here,
ReZ and ImZ are the real part and imaginary part of the complex
impedance. As can be seen from Fig. 7(a), when the RH is low (11%
RH), a semicircle is observed, and the semicircle of the complex
impedance plot represents a kind of conduction mechanism which
can be modeled as an equivalent parallel circuit that incorporates
a resistor and a capacitor [53]. According to the protons conduc-
tivity model of Anderson and Parks [58], when the RH is low, only
a few water molecules are adsorbed, and the coverage of water
on the surface of sensing material is not continuous and proton
migrates only by hopping from site to site across the M-BLT pow-
der surface, resulting in high impedance of the M-BLT humidity
sensor. In Fig. 7(b) and (c), with an increase of humidity (33%, 54%
RH), the semicircle radius gradually decreases and a straight line
appears at low frequencies, and the higher the RH is, the longer the
line is. The line represents Warburg impedance due to the diffu-
sion of the electroactive species at the electrode [59,60]. Under this
condition, with increase of adsorbing water molecules, the surface
water layers of M-BLT powder are close to liquid water. According
to the Grotthuss chain mechanism [61], H,0 +H30* — H30* + H;0,
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Fig. 6. (a) Transient response characteristics and (b) Humidity hysteresis characteristic of the M-BLT humidity sensor at 100 Hz. Inserts show the humidity hysteresis

characteristics of the M-BLT humidity sensor at 10 and 50 Hz.

Fig. 7. The complex impedance plots of the M-BLT humidity sensor measured at (a) 11%, (b) 33%, (c) 54%, (d) 75%, (e) 85%, and (f) 95% RH in the frequency range from 10 Hz

to 100 kHz.

the initial and final states are the same, and the energy is also equiv-
alent, so that the transfer of H30" is quite easy. On the other hand,
according to the model of ion transport mechanism reported by
Casalbore-Miceli et al. [62], a few of La* ions could be dissociated
into free ions and the impedance of the sensing film decreases
sharply [63,64]. In Fig. 7(d)—(f), further along with increasing RH
(75%, 85% and 95% RH), the first semicircle disappears, and the
second semicircle with a straight line is observed. The disappear-
ance of first semicircle indicates that more and more La* ions from
the dissolved M-BLT surface dissociate into free ions with the RH
increasing, and the active electrolytic conduction takes place in the
adsorbed layers of materials surface [43,45]. In addition, the water
molecules are not only adsorbed on the outer surface of M-BLT but

also entered into the pore and then adsorbed on the pore walls [65].
The pore (about 23.2 nm) will be beneficial for diffusion of water
molecules, therefore enhancing the high rate transport of water
molecules throughout the humidity sensor. At high RH, the liquid
water is condensed into the mesoporous [66] and one or several
serial water layers are formed in the pore walls surface, thus pro-
tonic transport takes place in the adsorbed layers of the pore walls
surface subsequently in addition to the active electrolytic conduc-
tion in the adsorbed layers of materials surface. On the other hand,
the surface defects and oxygen vacancies are generated gradually
due to the dissociation of La* ions in the dissolved M-BLT surface,
resulting in an increase of adsorption sites for water molecules
[45], and the second semicircle with a straight line is observed in
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the complex impedance plots. Therefore, with the RH increasing,
the impedance of M-BLT powder continuously decreases about six
orders of magnitude comparing with the initial value.

4. Conclusion

In conclusion, the BLT powder is synthesized via a MOD
method, and mesoporous structure is formed in the BLT powder
via nanocasting method by using mesoporous silica SBA-15 as the
hard template. Benefiting from the mesoporous structures with
large specific surface area and abundant porosity, the humidity sen-
sor based on M-BLT powder is of superior humidity performance
compared with BLT humidity sensor. The optimum working fre-
quency of the M-BLT and BLT humidity sensors is 100 Hz, and the
impedance variation of the M-BLT humidity sensor is about six
orders of magnitude within the whole humidity range from 11%
to 95% RH, which is six times more than it of the BLT humidity sen-
sor (only about one order of magnitude). Furthermore, the M-BLT
humidity sensor is of low operating frequency and wide work-
ing frequency range, and the response time and recovery time
of M-BLT humidity sensor are about 32s and 68s at 100 Hz. The
results indicate that the mesoporous structure is useful for improv-
ing the humidity sensitivity of materials, and nanocasting method
would be one of important and effective approach for preparing
high-performance humidity-sensing materials with large specific
surface area.
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