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ABSTRACT

Zinc oxide nanoparticles are obtained by a wet chemical method using zinc sulphate as a raw material. Doping

sepiolite, micro-fibrous inorganic clay, with ZnO after precipitation under basic conditions and subsequent thermal
treatment is investigated as both materials are abundant. They are used for the development of humidity and gas

sensors of great environmental importance.

The particle size distribution, the morphology and the composition of the powder samples are characterized by

X-Ray diffraction accompanied by Field Emission Scanning Electron Microscopy and High Resolution-Transmission
Electron Microscopy techniques. The data obtained confirm the formation of zinc oxide nanoparticles of a size of 10

nm on the modified sepiolite grains.
Keywords: ZnQO, sepiolite, nanoparticles, doping.

INTRODUCTION

Zinc oxide is a semiconductor with a wide band gap
of 3.37 eV at room temperature [1]. It has been thor-
oughly investigated because of its unique physical and
chemical properties which make it an excellent material
for electronic [2], piezoelectric [3] and optical devices
[4] as well as gas sensors [5].

The inherent properties of nanometal oxides of
different structures, the gas-sensing property [6, 7] in
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particular, have been investigated. Various methods
have been developed for ZnO nanopowders preparation
[8] including the soft chemical method [9], the sol-gel
process [10], the vapor phase growth [11], the vapor-
liquid-solid process [12], etc. The choice of a suitable
precursor for the synthesis of a ZnO nano-crystal affects
its purity, morphology, size and thus, plays a crucial role
in determining the properties provided by the resultant
applications.

Sepiolite is micro-fibrous inorganic clay whose



Mohamed Hassan, Ahmed Sabry Afify, Mohamed Ataalla, Amr Mohammed,
Anna Staneva, Yanko Dimitriev, Jean-Marc Tulliani

chemical formula is Mg Si O, (OH),(H,0),.8H,0). Its
structural units are composed of two tetrahedral silica
sheets and a discontinuous central layer of an octahedral
magnesium oxide. This gives rise to the formation of
open channels of dimensions of 0.36 nm x 1.06 nm [13].

The clay doping with metal ions has been studied
extensively because they as well as the metal ions are
abundant materials. Besides, useful applications of
environmental importance [14 - 16] can be engineered
such as those referring to the development of gas and
humidity sensors.

This paper describes the preparation of ZnO na-
nocrystals by chemical synthesis using zinc sulphate and
sepiolite as raw materials. It reports their characteriza-
tion by means of laser granulometery, X-ray diffraction
(XRD), Field Emission Scanning Electron Microscopy
(FESEM) and High Resolution Transmission Electron
Microscopy (HRTEM).

EXPERIMENTAL

Materials Preparation

All the reagents were ACS grade supplied from
Sigma-Aldrich. The natural sepiolite, a product of
Vicalvaro-Vallecas (TOLSA, PangelS9, Spain) was
dispersed in distilled water to reach 10 mass % con-
centration. Then, the suspension was progressively
acidified at a room temperature with 37 % HCl at pH =
0 for 2 h. The dispersion obtained was vacuum filtered
and subsequently washed with distilled water (2 - 3
times). After that, the sample was mixed with 1.0 L of
an aqueous solution of ZnSO,.H,0 and the pH of the
dispersion was adjusted with sodium hydroxide to (pH
= 9) to ensure the precipitation of all zinc ion species.
Finally, the dispersion obtained was dried overnight at
150°C and subsequently calcinated at 550°C for 1 h at
a heating rate of 2°C/min.

Material characterization

The particle size distribution was determined after
powders calcination followed by dispersion in ethanol
and sonication for 10 min. A laser granulometer (Mal-
vern 3600D, Great Britain) was used.

The X-ray diffraction patterns of calcined powder
samples were collected by X’PertHighScore Philips
Analytical Diffractometer equipped with a Cu anticath-
ode (A Cu Ko anticathode = 0.154056 nm). The samples

were scanned at a rate of 0.02°/s in the range from 5°
to 70° in 26.

The morphology of the powders was inspected
by Field Emission Scanning Electron Microscopy
(FE-SEM, Zeiss Merlin) and High Resolution-Electron
Transmission Microscopy (HR-TEM) using a JEOL
3010-UHR instrument (acceleration potential: 300 kV;
LaB, filament), equipped with an Oxford INCA X-ray
energy dispersive spectrometer (X-EDS) with a Pentafet
Si(Li) detector.

RESULTS AND DISCUSSION

Particle size distribution

Table 1 shows that the zinc doped sepiolite (Zn-S)
thermally treated for 1 h at 550°C has a larger particle
size distribution than pure sepiolite (S).This may be
attributed to the attachment force leading to particles
agglomeration because of the presence of either elec-
trostatic or Van der Waals forces or the development
of material bridges through the presence of a liquid
during the processes of leaching and washing of pure
sepiolite [17].

X-Ray diffraction

The XRD patterns of pure sepiolite and ZnO doped
sepiolite after 2 h of acid leaching and heat treatment for
1 hat 550°C are listed in Fig.1. The XRD pattern of pure
sepiolite is indexed as JCPDS card no.(13-595), while
the leached heat treated sample is indexed as anhydrous
sepiolite [18]. ZnO is detected in the Zn-S sample and
indexed as JCPDS card no.(36-1451).

Several reflections, such as the reflection of the main

O sepiolite (13-595)
0 ZnO (36-1451)

Intensity (a.u.)

2 Theta (Degree)

Fig. 1. XRD pattern of sepiolite and ZnO doped sepiolite.
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Table 1. Cumulative distribution of pure sepiolite(S) and
zinc doped sepiolite (Zn- S).

Cumulative mass % | S | Zn-S

10 3.1 | 45
50 7.1 | 18.8
90 19.5] 74.3

peak of the pristine sepiolite that is outlined at 1.200 nm
(7.36° in 20, (110)) or reflections at 0.757 nm (11.68°
in 26, (130)), 0.662 nm (13.36° in 26, (040)) and 1.970
nm (4.48° in 20, (060)) disappear, whereas two new
reflection peaks appear at 0.999 nm (8.84° in 26, (110))
and 0.795 nm (11.12° in 26, (120)) corresponding to
the folded monoclinic structure [17]. In this case, the
reflection of the main peak occurs at 0.439 nm (20.21°
in 20, (121)) which confirms the presence of both folded
and unfolded sepiolite (Fig.1).

The acid treatment of sepiolite removes Mg** located
in its octahedral layer but leaves Si*" coordinated in its
tetrahedral one [19]. It is reported that the acid treatment
of sepiolite with H,SO, results in Si-O-Mg-O-Si bond
transformation in two Si-O-H bonds [20]. Thus, the
internal channels interconnect, while the specific surface
area increases. In case most of the magnesium ions are
removed, some of the micro- and mesopores expand to
macropores. It is found that the formation of an anhy-
drous sepiolite structure of nanosize channels, providing
the coexistence of sepiolite and silica in the same fiber,
is responsible for its thermal stabilization [18].

FE-SEM observation

The surface morphologies of the thermally treated
sepiolite and the zinc doped sepiolite are shown in Figs.
2a, 2b and 2c, correspondingly. They are observed by
FESEM. It is evident that there is no significant differ-
ence between the samples prior to and after the leaching,
the sepiolite precipitation and the thermal treatment. This
is in agreement with the XRD data.

Table 2. EDX analysis of ZnO doped sepiolite sample.

Metals Mass %
Mg 244
Si 55.8
Zn 19.8
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Fig. 2. (a) micrograph of thermally treated sepiolite; (b)

FE-SEM micrograph of thermally treated leached sepiolite;
(c) FE-SEM micrograph of zinc doped sepiolite.
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Sepiolite

ZnO
nanoparticles

Fig. 3. HR-TEM micrographs of ZnO doped sepiolite (a) and ZnO nanoparticles (b).

Energy dispersive X-ray spectroscopy (EDX)

Semi-quantitative elemental analysis of ZnO-doped
sepiolite shows that Mg*? and Zn?* are well distributed
in the powder. Table 2 indicates a zinc content of 19.8
mass % of the sample prepared. This is an evidence of
the presence of ZnO within the anhydride sepiolite.

HRTEM observation

Fig. 3a shows that the structure of sepiolite is crys-
talline (the atomic planes are visible in the needles of
sepiolite on the left side of the micrograph). This is in
agreement with the XRD data. Besides, ZnO nanopar-
ticles are seen on the right side. Fig. 3b shows that the
ZnO nanoparticles having a diameter below 10 nm are
mostly located on the surface of the sepiolite grains.

CONCLUSIONS

A chemical route for the preparation of a nanopo-
wder of ZnO precipitated onto sepiolite by using zinc
sulphate was described. The results showed that nano-
zinc oxide crystals grew onto the grains of the modified
sepiolite. HRTEM micrographs showed that the particle
size of ZnO was less than 10 nm.

The fact that nanoparticles are grown on an inert
matrix provides the exclusion of additional manipula-
tions and pure nanoparticles disadvantages. The method
advanced is economically favorable in view of the large
deposits of sepiolite and metal salts, the short preparation

time and the simple operations required.
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