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a b s t r a c t

Two kinds of ZnO hierarchical architectures are skillfully designed and successfully fabricated by facile
room temperature solution routes followed by subsequent annealing treatments. SEM and XRD charac-
terizations reveal that as-prepared ZnO products both present typical flowerlike morphologies but are
assembled by abundant porous nanosheets and smooth nanosheets, respectively. Such hierarchical archi-
tectures are developed for formaldehyde (HCHO) detection. The gas sensing results indicate that porous-
nanosheet assembled ZnO hierarchical architectures based sensors exhibit better HCHO gas sensing prop-
erties in terms of high sensitivity, good selectivity and rapid response/recovery time compared with
smooth-nanosheet assembled ZnO architectures. Such excellent formaldehyde gas sensing performances
are predominantly attributed to unique porous-nanosheet constructed three dimensional hierarchical
structures, providing beneficial conditions for gas diffusion/adsorption, surface reaction and electron
transfer.

� 2017 Elsevier B.V. All rights reserved.

1. Introduction

Zinc oxide (ZnO), serving as an important n-type semicon-
ductor functional material, has attracted extensive interest
due to its abundant potential applications in lithium-ion bat-
teries [1], photodetectors [2], solar cells [3] and especially for
remarkable gas sensing performances in detecting volatile
organic compounds (VOCs) [4–6]. It is well-known that gas
sensing characteristics of oxide semiconductors based gas sen-
sors are greatly dependent on their morphologies, structures
and compositions. Thus, controllable synthesis of ZnO nanoma-
terials with specific structure and desired composition is of
important scientific and practical significance for the promotion
of gas sensing performances and the development of gas sen-
sors. Among various structures, three dimensional hierarchical
architectures assembled by much low dimensional building
blocks (such as nanoparticles, nanowires, nanorods, etc.) can
provide substantial performance boosts for gas sensors owing
to loose gas diffusion channels, high stability and large specific
surface area [7,8].

Formaldehyde (HCHO), as one of the most serious pollutants
and carcinogenic volatile organic compounds, commonly exists in

indoor decorative materials and is a major cause of many diseases.
Hence, the efficient detection of HCHO is of great importance and
much needed for both human health and environmental
protection.

In this paper, porous-nanosheet and smooth-nanosheet assem-
bled flowerlike ZnO hierarchical architectures are skillfully
designed and are successfully synthesized by facile routes. The
gas sensors based on porous-nanosheet assembled ZnO hierarchi-
cal architectures exhibit better gas sensing performances, which
are attributed to unique porous-nanosheet constructed three
dimensional hierarchical structures.

2. Experiments

All reagents were analytical-grade purity and were used as pur-
chased without further purification. The whole experiments
included the controllable synthesis of precursors and the annealing
treatment of precursors.

The precursors of porous-nanosheet assembled ZnO hierarchi-
cal architectures were fabricated as follows. 0.1 g zinc chloride
and 0.14 g oxalic acid was dissolved in 10 mL and 50 mL absolute
ethanol under stirring, respectively. Subsequently, zinc chloride
ethanol solution was added into oxalic acid ethanol solution. After
stirring for 1.5 h, white precipitates were collected by centrifuging,
washed with absolute ethanol and dried in air at 60 �C for 5 h.
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The precursors of smooth-nanosheet assembled ZnO hierarchi-
cal architectures were synthesized as follows. 0.3 g sodium hydrate
and 0.3 g zinc acetate was dissolved in 10 mL and 50 mL deionized
water with stirring, respectively. Subsequently, sodium hydrate
aqueous solution was added dropwise into zinc acetate aqueous
solution. After stirring for 5 min, 50 mL ethanol was slowly added
into above mixed solution. After being stirred for another 5 min,
white precipitates were collected by centrifuging, washed with
deionized water and ethanol and dried in air at 60 �C for 5 h.

The ZnO hierarchical architectures were obtained by calcining
white precipitates at 500 �C for 2 h.

The morphologies of the as-prepared ZnO products were exam-
ined using a Hitachi SU8010 scanning electron microscope. The
phase structures of samples were characterized by a Bruker D8A
X-ray diffractometer. The detail of the sensor fabrication was sim-
ilar to our previous report [9]. The gas sensing properties were
tested on a CGS-8 gas sensing analysis system. The response was
defined as S = Ra/Rg. Here, Ra and Rg was the resistance of the gas
sensor in the air and target gas, respectively. The response time
and recovery time was defined as the time taken by the sensor
to reach 90% of the total resistance variation in the case of adsorp-
tion and desorption, respectively.

3. Results and discussion

Fig. 1a and c shows the low magnification FESEM image of
porous-nanosheet assembled and smooth-nanosheet assembled
ZnO hierarchical architectures, respectively. The as-prepared

products both exhibit well dispersion and approximately uni-
form flower-like contour. The diameters of porous-nanosheet
and smooth-nanosheet assembled ZnO architectures are about
3–4 lm and 2–3 lm, respectively. The details from high magni-
fication SEM images (Fig. 1b and d) indicate that ZnO hierarchi-
cal architectures are assembled by abundant porous nanosheets
and smooth nanosheets, respectively. The nanosheets intersect
each other and form radial three dimensional hierarchical struc-
tures, which can effectively prevent nanosheets aggregation and
maintain the long-standing existence of the hierarchical
architecture.

Fig. 2 presents FESEM image of precursors of as-synthesized
ZnO hierarchical architectures. Precursors of both ZnO products
show flowerlike morphologies. Combining Fig. 1, it can be con-
cluded that flowerlike shapes are not destroyed during the anneal-
ing treatment. Meanwhile, it is interesting to find that precursors
of porous-nanosheet assembled ZnO are constructed by much
smooth nanosheets, indicating the dehydration of precursors
results in building blocks conversion from smooth nanosheets to
porous nanosheets.

The crystal phases of both ZnO hierarchical architectures are
characterized by XRD. As shown in Fig. 3, all of the diffraction
peaks can be indexed to the standard ZnO with the hexagonal
structure (JCPDS No. 80-0075). No diffraction peaks from any other
impurities are observed, indicating the high purity of ZnO
products.

Fig. 4a shows responses of porous-nanosheet and smooth-
nanosheet assembled ZnO hierarchical architectures based sensors
to 100 ppm HCHO at different operating temperatures. Obviously,

Fig. 1. FESEM images of porous-nanosheet assembled ZnO (a, b) and smooth-nanosheet assembled ZnO (c, d) hierarchical architectures.

J. Cao et al. /Materials Letters 202 (2017) 44–47 45



Download English Version:

https://daneshyari.com/en/article/5463373

Download Persian Version:

https://daneshyari.com/article/5463373

Daneshyari.com

https://daneshyari.com/en/article/5463373
https://daneshyari.com/article/5463373
https://daneshyari.com

