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A B S T R A C T

In the last decades, air pollution control has received much attention due to the increase of environmental and
health problems. The design of new materials with potential applications in air pollution control systems is a
challenge nowadays. In this work, BiOI nanostructured materials were synthesized and used for photocatalytic
oxidation of nitric oxide (NO). A microwave-assisted solvothermal method was successfully applied for BiOI
synthesis at 126 °C, using ethylene glycol (EG) as a solvent. Several samples were prepared by varying the
microwave irradiation time between 5 and 120min. Resulting materials were characterized by X-ray diffraction
(XRD), X-ray photoelectron spectroscopy (XPS), scanning electron microscopy (SEM), N2 adsorption-desorption
isotherms, diffuse reflectance spectroscopy (DRS) and photoluminescence measurements (PL). The photo-
catalytic activity of BiOI samples was evaluated in the photo-oxidation reaction of nitric oxide (NO) in gas phase
under visible light irradiation. BiOI sample synthesized after 15min of microwave exposition shows the highest
photocatalytic activity, even greater than that obtained when TiO2 Evonik P-25 is used. This nanostructured
material was applied into the formulation of two types of materials (ceramic paint and stucco) for its potential
use in the construction industry. Preliminary results show that the application of nanostructured BiOI into stucco
formulation has a great potential to develop commercial products to remove NO from air.

1. Introduction

During the last years, the development of photocatalysts with ac-
tivity in the visible region of solar spectrum has received much atten-
tion, due to the possibility to take advantage of the free and in-
exhaustible solar radiation for environmental decontamination
purposes. Recently, a new family of photocatalysts, bismuth oxyhalides
BiOX (X=Cl, Br, I), has demonstrated a promising photocatalytic ac-
tivity. These ternary compounds with a unique layer structure have
been extensively investigated because of its exceptional electrical,
magnetic and optical properties [1–6].

Several works have shown that BiOI presents a high photocatalytic
activity in the degradation of different organic pollutants under visible
irradiation or solar simulated radiation [7–21]. Literature reports the
importance to control morphology and textural properties during the

synthesis of BiOI particles. In particular, BiOI microspheres have been
used in the elimination of pollutants from water and air. In addition,
these types of materials compete in efficiency with traditional semi-
conductors as TiO2 Evonik P-25 [22–29]. Great efforts have been made
in order to obtain BiOI particles with specific three-dimensional (3-D)
nanostructures, reaching the desired microsphere morphology. Re-
cently, 3-D nanostructures of BiOI have been synthesized using a sol-
vothermal method [22–29]. However, experimental synthesis condi-
tions used in this method limit its application at large scale (see
Table 1).

Microwave-assisted solvothermal method has emerged as a new
attractive way to be used in the synthesis of a great variety of nano-
materials. Some advantages of this new procedure over a classical sol-
vothermal method are listed in Table 1 [30–36]. Moreover, the ex-
cellent control of reaction conditions and its easy handling, allow a
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simple and fast optimization of experimental parameters [37–39], re-
presenting a progress on large-scale production of 3-D nanomaterials.
Hence, microwave-assisted synthesis could become a promising meth-
odology in the preparation of BiOI with microsphere morphology.

The aim of this article is to synthesize a 3-D nanostructure of BiOI by
microwave-assisted solvothermal method. In particular, the effect of
reaction time on the physical properties of BiOI is evaluated; and mi-
crospheres formation is followed by several characterization techni-
ques. Ethylene glycol (EG) is selected in this study as a solvent medium
during the synthesis, due to its high efficiency in the microwave energy
transmission into the reaction system. Synthesis procedure is conducted
at 126 °C since this temperature resulted to be the optimal for the for-
mation of BiOI microspheres under solvothermal conditions [29,40].
The corresponding relations between physical properties of the syn-
thesized BiOI and its photocatalytic activity towards nitric oxide (NO)
photooxidation are identified. Finally, the synthesized BiOI semi-
conductor with the highest photocatalytic activity is selected to for-
mulate two types of materials with potential applications in the con-
struction industry, as a ceramic paint or as a decorative coating of the
stucco type for the elimination of NO in residential buildings.

2. Experimental

2.1. Materials

Bismuth (III) nitrate pentahydrate (Bi(NO3)3·5H2O) was purchased
from Sigma-Aldrich with a purity ≥ 98.0% and was used here as a
precursor of bismuth oxy-iodide (BiOI) formation. Potassium iodide
(KI) with a 99.5% of purity was supplied by DEQ. Ethylene glycol
(CH2OCH2OH) with a 99.7% of purity was provided by CTR scientific.
Ethylene glycol (EG) was used in this work as a solvent medium in the
reaction between the inorganic precursors of bismuth and iodide during
microwave-assisted synthesis of BiOI. Absolute ethanol (CH3CH2OH,
Fermont, 98%) was used as solvent for washing the obtained nanos-
tructured BiOI. All reagents applied in this work were of analytic grade
and were used without further purification.

2.2. Synthesis of BiOI nanostructures

BiOI materials were prepared using a microwave-assisted sol-
vothermal method. In a typical procedure, a solution composed of
1mmol of potassium iodide dissolved in 10mL of ethylene glycol was
dropped into 10mL of a solution of 1mmol of bismuth (III) nitrate
pentahydrate dissolved in ethylene glycol. The mixture (20mL) was
stirred at room temperature for 30min, and then it was transferred to a
glass vial of 30mL and placed into a Monowave 300 microwave reac-
tion system from Anton Paar GmbH (Graz, Austria). The reactor was
continuously stirred (600 rpm) during the irradiation time and the
temperature was increased from 25 °C at a rate of 0.5 °C s−1, until
reaching a maximum temperature of 126 °C. The reaction temperature
was controlled by an infrared temperature sensor that is integrated into
the reaction system and does not allow an increase in the temperature
of the medium. Different experiments were conducted stopping the

reaction at 5, 10, 15, 30, 60 and 120min of microwave irradiation.
After each elapsed reaction time, the system was cooled down using
clean compressed air, quenching 30 °C. The resulting solid products
were separated by filtration, washed with de-ionized water and abso-
lute ethanol. Then, they were dried in an electrical oven at 60 °C for
24 h and finally stored in desiccators until their further use. The ob-
tained BiOI samples were named according to their selected time of
synthesis as: BiOI-5, BiOI-10, BiOI-15, BiOI-30, BiOI-60 and BiOI-120.

2.3. Characterization

Crystalline structure of BiOI materials was determined by X-ray
powder diffraction (XRD) in a Bruker D8 advance diffractometer with
Cu Kα radiation (λ=1.5418 Ă) using a 2θ scan in the range between
10° and 70°. X-ray photoelectron spectroscopy (XPS) analyzes were
performed in a Thermo Scientific K-Alpha surface analyzer.
Morphology and size of the BiOI particles were observed in a FEI Nova
NanoSEM200 electronic microscope coupled with a dispersive energy
spectrometer (EDS). Surface areas were determined by adsorption-
desorption isotherms, using nitrogen at 77 K and following the BET
protocol in a Bel-Japan Minisorp II surface area and pore size analyzer.
Pore size distributions were determined through desorption isotherm
applying the BJH method. Diffuse reflectance spectra (DRS) were ob-
tained using an Agilent Cary 4500 Series spectrophotometer with in-
tegrating sphere. Photoluminescence (PL) spectra were measured at
room temperature using a luminescence spectrophotometer
PerkinElmer Precisely Ls 55 by using an excitation wavelength of
400 nm.

2.4. Photocatalytic measurements

Photocatalytic activity of synthetized BiOI materials was evaluated
during photooxidation reactions of nitric oxide (NO) in gaseous phase
under visible radiation using a photo-reaction system built according to
ISO 22197–1 standards. The photocatalytic reactor is made of stainless
steel with a volume of 0.5 L, equipped with a quartz window in its
superior part that allows the radiation to reach the catalyst. In each
experiment, 200mg of the photocatalyst, previously dissolved in 2mL
of absolute ethanol, were dispersed over a 50 cm2 of glass substrate
with the help of a brush. A LED lamp of 24W was used as a source of
visible radiation. A cylinder containing 3 ppmv of NO balanced in N2

was used and the inlet concentration of NO was fixed to 1 ppmv by
mixing with another stream of synthetic air (20.5 vol% O2 and 79.5 vol
% N2). Inlet flow rate was adjusted to 1 Lmin−1. NO concentration was
continuously measured with a chemiluminescent NO analyzer
(EcoPhysics CLD88p), with a sampling rate of 0.5 Lmin−1. When NO
adsorption-desorption equilibrium was achieved, the lamp was turned
on and photocatalytic reaction was initiated. NO concentration was
measured every 1min during 30min of irradiation.

BiOI sample with the highest photocatalytic activity was selected as
active material in the formulation of a ceramic paint and a ceramic
coating of the stucco type. Both formulations were prepared over the
basis of a matrix of inorganic compounds. The ceramic paint formula-
tion was modified by using 1–10% in weight of the semiconductor in a
typical mixture composed by calcium carbonate (45–55%), white ce-
ment (25–35%), calcium oxide (10–15%), organic resin (10–20%) and
rheology modifier (< 1%). In addition, the stucco formulation was
modified by adding BiOI microspheres in a concentration of 1% in
weight in a typical mixture, integrated by calcium carbonate (70–80%),
white cement (15–25%), calcium oxide (4–6%) and some other ad-
ditives that promote a homogenous mix of materials (0.3–0.5%). In
each case, the components of each formulation were mixed and dried
during 5min in a plastic bag. The resulting mixture was then evenly
poured over a plastic recipient. Then, 10mL of distilled water was
added to form a homogeneous and dense slurry that was spread using a
brush over a block of cellular concrete. Coated blocks were kept in

Table 1
Comparison of solvothermal and microwave-assisted solvothermal methods.

Solvothermal method Microwave-assisted solvothermal
method

Slow heating Rapid heating
Long reaction times Short reaction times
High energy consumption Low energy consumption
Lower yield Higher yield
Morphology and composition not

uniform
Uniform morphology and composition

Low reproducibility High reproducibility

A.C. Mera et al. Materials Science in Semiconductor Processing 88 (2018) 20–27

21


	Nanostructured BiOI for air pollution control: Microwave-assisted synthesis, characterization and photocatalytic activity toward NO transformation under visible light irradiation
	Introduction
	Experimental
	Materials
	Synthesis of BiOI nanostructures
	Characterization
	Photocatalytic measurements

	Results and discussion
	Structure and morphology characterization
	Photoabsorption and photoluminescence properties
	Evaluation of photocatalytic activity
	Photocatalytic activity of activated ceramic paint and stucco with nanostructured BiOI-15 material

	Conclusions
	Acknowledgements
	Supplementary material
	References




