IOPScience

Home

Search Collections Journals About Contactus My IOPscience

iopscience.iop.org

Formaldehyde gas sensor based on nanostructured nickel oxide and the microstructure

effects on its response

This content has been downloaded from IOPscience. Please scroll down to see the full text.
2016 IOP Conf. Ser.: Mater. Sci. Eng. 108 012002
(http://iopscience.iop.org/1757-899X/108/1/012002)

View the table of contents for this issue, or go to the journal homepage for more

Download details:

IP Address: 130.104.5.94
This content was downloaded on 27/02/2017 at 13:08

Please note that terms and conditions apply.

You may also be interested in:

Resonance scattering of light in nanostructured metallic and ferromagnetic films
Vladislav V Kurin

Development and characterization of cobalt based nanostructured super hydrophobic coating

H. Mohsin, U. Sultan, Y. F. Joya et al.

Multifunctional nanostructured films
Evgenii A Levashov and Dmitry V Shtansky

Synthesis of nanostructured materials based on YBa2Cu307_y and BiFeO3
D K Palchaev, Zh Kh Murlieva, M H Rabadanov et al.

Gradient nanostructured surface of a Cu plate processed by incremental frictional sliding
C Hong, X Huang and N Hansen

Chiralization and ferroelectric state induction in nanostructured liquid crystals
B Katranchev, M Petrov, P M Rafailov et al.

Optical and electrochemical properties of nanosized NiO via thermal decomposition ofnickel oxalate

nanofibres
Xiong Wang, Jimei Song, Lisheng Gao et al.

Structural features of the hydride phase formation in nanostructured a-titanium
Yu R Kolobov, V | Torganchuk, V N Fokin et al.

Production of nanostructured TiO2 films by pulsed laser deposition
Ye Khuanbay, N Kh Ibrayev, D A Afanasyev et al.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/1757-899X/108/1
http://iopscience.iop.org/1757-899X
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience
http://iopscience.iop.org/article/10.3367/UFNe.0179.200909j.1012
http://iopscience.iop.org/article/10.1088/1757-899X/146/1/012038
http://iopscience.iop.org/article/10.1070/RC2007v076n05ABEH003679
http://iopscience.iop.org/article/10.1088/1742-6596/747/1/012040
http://iopscience.iop.org/article/10.1088/1757-899X/89/1/012026
http://iopscience.iop.org/article/10.1088/1742-6596/682/1/012001
http://iopscience.iop.org/article/10.1088/0957-4484/16/1/009
http://iopscience.iop.org/article/10.1088/0957-4484/16/1/009
http://iopscience.iop.org/article/10.1088/1757-899X/81/1/012053
http://iopscience.iop.org/article/10.1088/1757-899X/81/1/012044

IC-MAST2015 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 108 (2016) 012002 doi:10.1088/1757-899X/108/1/012002

Formaldehyde gas sensor based on nanostructured nickel
oxide and the microstructure effects on its response

D. Lahem', F.R. Lontio’, A. Delcorte’, L. Bilteryst’, M. Debliquy*
' Department Material Science, Materia Nova ASBL Mons, Belgium

? Institute of Condensed Matter and Nanosciences, Université Catholique de Louvain,
UCL,Louvain-La-Neuve, Belgium

? Certech, R&D Institue, Seneffe, Belgium

* Service Science des Matériaux, Faculté Polytechnique de Mons, UMONS, Mons, Belgium

Driss.Lahem@materianova.be

Abstract. NiO nanostructures can be used as a promising material for semiconductor gas
sensor to detect formaldehyde at low concentrations (< 1 ppm). Here, the effect of the
morphology of the synthesized NiO nanostructures on gas sensing properties is studied and
discussed. NiO nanostructures have been synthesized by thermal decomposition of precursors
obtained by two different chemical precipitation methods and a sol-gel technique. Thick films
of the synthesized NiO nanostructures were deposited by spray coating on alumina substrates
fitted with gold interdigitated electrodes and a platinum heater. The gas sensing properties of
those NiO films were studied for low concentrations of formaldehyde gas at different working
temperatures. A clear difference in response characteristics was observed between the samples
prepared by different synthesis routes.

1. Introduction

In Europe, formaldehyde is now considered by the authorities as one of the priority pollutants in
indoor air because of its carcinogenic character and because of the many sources in our closed
environment: paper products, stiffeners, wrinkle resisters and water repellents, insulation, combustion
devices, pressed-wood products, etc. The WHO guideline for indoor air formaldehyde concentration is
0.08 ppm (0.1 mg/m?) [1].

It seems therefore necessary to measure the concentration of formaldehyde in closed environments
because this data is essential for preventive actions (choice of the materials/furniture treatment,
ventilation or indoor air purification). There exist many chemical and biochemical sensors (indicator
tubes, electrochemical cells...) that are the subject of numerous works [2]. However, these
inexpensive and miniature sensors lack in selectivity and possess relatively high detection limits which
are not compatible for "indoor" detection for which the useful range is typically 10 ppb to 1 ppm. NiO
was already pointed as a sensitive material for formaldehyde at low concentrations [3, 4]. Because of
its applications in various fields (smart windows, supercapacitors, catalysis), a lot of synthesis routes
for NiO nanopowders or films were proposed [5].
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We present in this paper the characteristics of NiO layers synthesized by three different methods
and compare the performances towards formaldehyde detection.

2. Experimental

2.1. Synthesis of the Nickel Oxide powders
NiO powders were synthesized by three different methods, sol-gel from nickel chloride and two
precipitation methods from nickel malonate and nickel sulfate precursors.

2.1.1. By Sol-gel method [6]. NiCl..6H.0 (1.5 g, 0.0063 mol) was dissolved in 70 ml of absolute
ethanol at room temperature, leading to a clear green coloured solution. In another beaker, NaOH
(0.5g, 0.0125 mol) was dissolved in 100 ml absolute ethanol and the NaOH solution was added to the
nickel chloride solution dropwise. The mixture was stirred at room temperature for 2 h. During this
time, the reaction mixture was found to form light green coloured gel. After 2 h, the gel was filtered,
washed thoroughly with distilled water and then finally with ethanol. The precipitate was air dried,
yielding a light green coloured powder. The TGA data showed that this green powder decomposes at
~294 °C.

2.1.2. By precipitation from nickel sulfate [6]. 0.083 mol of urea was added to 5.2 mmol of nickel
sulphate dissolved in 80 ml of distilled water. The mixture was heated to 80 °C for 4 h. The green
precipitate formed was filtered, washed with distilled water several times to remove the unreacted
nickel salt and urea and finally with absolute ethanol, and dried at room temperature. The TGA data
showed that the green powder decomposes at ~369 °C.

2.1.3. By precipitation from nickel malonate [7]. The NiO here was obtained via two experimental
steps: the synthesis of the precursor by precipitation in aqueous solution containing nickel ions using
the malonate ligand as precipitating agent and its subsequent decomposition. Using nickel malonate
precursor, lithium malonate was first prepared in aqueous solution by adding lithium hydroxide (10
mmol) to malonic acid (5 mmol) and the pH adjusted to 7. After 5 min, an aqueous solution containing
nickel chloride was poured drop by drop into the previously prepared solution of lithium malonate
with continuous stirring. The resulting green solution was then stirred for 3h at 90 °C under reflux.
The obtained precipitate was filtered, washed successively with distilled water, isopropanol and
acetone to ensure the total removal of impurities and dried in an oven at 70-80 °C to obtain a light
green powder. The as-prepared precursor powder was calcined in a ceramic crucible at 500 °C in a
muffle oven (10 °C/min) for 1 h under air flow. The TGA data showed that green powder decomposes
at ~343 °C.

2.2. Sensor preparation

For measuring gas sensing, synthetized NiO powders were subjected to calcination at 400 °C for 1 h
and each coated on alumina substrates fitted with interdigitated gold electrodes and platinum heating
element (Fig. 1) by simple spray-coating of the corresponding ink. The ink was prepared by mixing
the metal oxide powder with distilled water and the resulting solution (charged with 10 % of metal
oxide) was placed for 24 h in a TURBULA Shaker-Mixer to separate all the agglomerate particles.
The thickness of the sensitive layers is ~8-10 pm (checked with an optical profiler). Finally the NiO
coating was annealed at 400 °C for 1h in air before their exposure to the gases in a Teflon chamber.
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Fig.1. Substrate used for sensing measurement and setup used for formaldehyde sensing
measurements

3. Results and discussion
In order to obtain the insight information about the surface morphology and particle size of the
samples, FE-SEM analysis was performed. Fig.2 shows the FE-SEM images of three synthetized NiO.
It can be observed that the film obtained from sol-gel method had a uniform distribution of small
size particles approximatively 15-20 nm on the surface (Fig.2A). In the sample obtained with
precipitation from nickel malonate (Fig.2C), the film is composed of particles with various sizes
between 20 and 100 nm. Whereas in the case of the sulfate precursor (Fig.2B), the particles possess an
agglomerated hexagonal sheet-like morphology.

Fig.2. FE-SEM image showing nanostructures NiO obtained from precursor prepared by (A) sol-
gel from nickel chloride, (B) precipitation from nickel sulfate and (C) precipitation from nickel
malonate
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Fig.3. XRD patterns of NiO nanoparticles synthetized by sol-gel method from nickel chloride (A)
and by precipitation from nickel sulfate (B).
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The XRD patterns of calcined samples are shown in Fig.3. XRD pattern of powder prepared by
precipitations from nickel malonate and nickel sulfate (Fig.3B) revealed the formation of face-
centered-cubic structured NiO (JCPDS file N°. 78-0428). Whereas the XRD pattern of calcined
sample prepared by sol-gel method from nickel chloride shows in addition other peaks (Fig.3A) which
were identified as Ni2Os [8].

In order to compare the effect of synthetized NiO method on formaldehyde response of sensors,
electrical resistances of sensing layers were recorded with formaldehyde diluted in humid clean air
(RH=50 %) at concentrations under 1 ppm at different operating temperatures (between 150 and 280
°C). The setup for the exposure tests of sensors to formaldehyde is shown in Fig. 1.

Since NiO is a p-type semiconductor, the electric resistance of NiO sensor increases when
formaldehyde gas is introduced to testing chamber. The sensitivity, S, described in this paper was
defined, according to the following formula:

Rgas — Rair
S=——FX100
Rair
Where, Res and Rair are the resistance of sensor after exposure to formaldehyde and clean air,
respectively.

The Fig. 4 and Fig. 5 show the dynamic response of different NiO-based sensors operated at 280
and 220 °C. It can be seen that at higher temperature, the NiO sample prepared by precipitation from
malonate shows the better sensitivity to formaldehyde. At lower temperature, the sample fabricated by
sol-gel method from nickel chloride shows a better response. Whereas the formaldehyde response of
NiO sample prepared by precipitation from nickel sulfate is very slow in the studied temperature
range. It can be observed that for all temperatures the response and recovery times of the sensors based
on the chloride route are shorter.
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Fig.4. Dynamic response of different type of NiO sensors at different operating temperatures (A)
280 °C and (B) 220 °C.
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Fig. 5. Dynamic response of different NiO sensor exposed to 532, 547, 571, 197, 212 and 107 ppb
of formaldehyde at 200 °C.

The formaldehyde sensing characteristics of these NiO-films are strongly influenced by the surface
microstructure and the synthesis method. The more favourable microstructure corresponds to that of
NiO sample obtained by sol-gel method from nickel chloride. A possible reason is the morphology of
the layers showing very fine particles in a porous stacking. XPS analyses are underway to complete
understanding.

Fig. 6 shows the variation of sensitivities against formaldehyde in NiO sensor based on this sample,
which was measured at different operating temperatures. The sensor exhibits a maximum sensitivity at
a temperature of 200 °C.
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Fig.6. Variation of sensitivity of NiO sensor prepared by precipitation from nickel chloride with
formaldehyde concentration at different operating temperature.

4. Conclusion

This study has demonstrated that chemical sensors based on nanostructures NiO are able to detect very
low concentration of formaldehyde (<1 ppm) with good performance at working temperature around
200 °C. The effect of the synthesis routes was clearly put in evidence. These results are promising for
development of simple and inexpensive devises allowing the analysis of formaldehyde in parts per
billion (ppb) in indoor air.
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