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Abstract In the present work the preparation of titania nano-
sized spherical powders through a microemulsion precipita-
tion method was investigated. The process is based on the
precipitation of particles from a solution containing low-cost
precursor, previously emulsified in an immiscible liquid. The
precipitates were obtained dropping an acqueous solution of
TiCl4 into a stable microemulsion containing a light min-
eral oil and a surfactant. Different mixing techniques were
evaluated. The synthesized titania nanopowders were char-
acterized by XRD, BET, TGA and DTA, SEM and TEM.
The as-synthesized powders were mainly amorphous and
were subjected to thermal treatment. Nanosized homoge-
neous spherical powders with average particle size of 6 nm
after synthesis and 30 nm after heat treatment were obtained.

Keywords Titania · Precipitation synthesis ·
Microemulsion

Introduction

Nanostructured titanium oxide TiO2 has played a key role in
recent years because of its wide range of functional proper-
ties, that makes it the ideal candidate for a large variety of
applications, such as white pigments [1, 2], catalysis [3, 4],
photovoltaic cells [5, 6], medical devices [7] and gas sensing
[8, 9].

Since the nanometric scale enhances TiO2 properties, sev-
eral methods with increased efficency were developed to
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obtain nanopowders, such as gas condensation [10] and sol-
gel [11]. Nanosized spherical particles can be successfully
prepared by wet chemical methods, although they require
the use of high-cost raw materials. The emulsion technique
is a simple and effective method for the synthesis of particles
with spherical shape and narrow size distribution, starting
from low-cost precursors [12, 13].

An emulsion is generally defined as a thermodynamically
stable system composed of two immiscible liquids (water
and oil) and a surfactant. Dispersed into the oil, the acqueous
solution forms nanosized droplets, due to minimization of
surface energy. Each droplet acts as a single nano-reactor,
in which the precipitation of spherical and nanosized titania
powders occurs by means of the thermal instability of the
Ti precursor at high temperature [14]. In agreement with the
literature, it is possible to obtain the formation of precipitates
due to the interactive contact among nano-droplets, which
aggregate and grow in a spherical shape. Moreover, during
the precipitation each particle is coated by an emulsifier film
preventing agglomeration [15].

In this paper the synthesis of nanosized spherical titania
powders through the emulsion method is investigated. The
process is carried out in presence of a TiCl4 solution and a
stable emulsion containing a light mineral oil and a surfac-
tant. The thermal destabilization of the TiCl4 precursor is
exploited, without any further addition of precipitating com-
ponents. Two different mixing techniques, magnetic and ul-
trasonic stirring, and their effect on structural, morphological
and chemical properties of the particles are evaluated.

Experimental procedures

An acqueous solution of titanium chloride TiCl4 was pre-
pared by dropwise addition of TiCl4 in stirred water cooled
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at 4◦C. The concentration was adjusted to 2 M with respect
to Ti4+. The solution contained nanosized particles of hy-
drated titanium oxide TiO2 · nH2O and it was stable at room
temperature. It was possible to prime the agglomeration pro-
cess lowering the Ti concentration (in this case 0,25 M) or
increasing the temperature.

A stable emulsion was prepared dissolving into light min-
eral oil a non-ionic emulsifier based on polyethylene glycol
hexadecyl ether, which has a HLB (Hydrophile-Lipophile
Balance) value of 5,3. The 0,25 M TiCl4 solution was added
drop by drop into the microemulsion at 50◦C and was main-
tained for 15 h in continuous stirring. Two mixing tech-
niques were compared: a traditional heated magnetic stirrer
(1000 rpm) and an ultrasonic generator (Sonics, UCX750)
used with a specific amplitude. Different water/oil/emulsifier
weight ratios were tested. After precipitation, the emulsions
were rotation-evaporated for water removal, centrifugated
and washed with isopropanol three times at least. The so-
obtained powders were dried at 80◦C for 1 h.

The characterization of the synthesized nanoparticles was
carried out by X-ray diffraction (X’Pert Philips, range 2θ :
10 ÷ 70◦, radiation CuKα, λ = 1,54056 Å), thermogravi-
metric analysis (Mettler Toledo, 50 ÷ 1000◦C, 10◦C/min,
air) and differential thermal analysis (Perkin Elmer, 50
÷ 1000◦C, 10◦C/min, air), BET specific surface analy-
sis by means of nitrogen adsorption-desorption at 77 K
(Micromeritics ASAP 2010), scanning electron microscopy
(LEO Supra 35) and transmission electron microscopy
(JEOL JEM 2010).

Results and discussion

The emulsion properties and therefore the size and morphol-
ogy of the particles are affected by several factors: the type
of surfactant and oil phase, the oil/water/emulsifier (o/w/e)
ratio, the concentration of the precursor solution and the stir-
ring rate. Experimental tests were carried out with fixed kind
of oil and of surfactant in order to investigate the effect of
some parameters on the results.

At first, several o/w/e weight ratios were tested in order to
establish the most suitable composition of the mixture. Con-
cerning the emulsifier, a lower content leads to a larger size
distribution. On the other hand, a high amount inhibits the
droplets interaction and then the precipitation. Concerning
the water amount, a stable emulsion can’t be achieved when
using an excessive quantity of aqueous solution.

Firstly the emulsifier amount was varied testing the 5, 10
and 15 wt%, fixing the water content to 20 wt% and balanc-
ing the remaining with oil. It was observed that the optimal
condition to obtain nanosized spheres was 10 wt% of emulsi-
fier, and further tests were carried out with this fixed content.
Subsequently the water amount was considered. Different

Fig. 1 XRD patterns of as-synthesized powders obtained through mag-
netic (a) and ultrasonic (b) stirring

contents (10, 20, 30 and 45 wt%) were evaluated, balancing
the remaining with oil. All the water contents tested yielded to
stable emulsions. It was observed that 70/20 and 60/30 ratios
allowed to obtain spheres, but differently sized. Lower wa-
ter content yielded smaller spheres. Increasing water amount
more than 30 wt% gave bigger aggregates not spherically
shaped. So the weight composition 70/20/10 gave the best
results in terms of size and morphology of the powders ob-
tained and it was adopted for further tests. Concerning the
mixing technique, traditional hot plate stirrer and ultrasonic
mixing were compared. Using a traditional hot plate stirrer
the precipitation was carried out at 50◦C and after 15 h a
clear separation between precipitates and liquid phase was
observed. XRD pattern in Fig. 1(a) showed the formation of
the rutile phase. Morphological analysis by means of scan-
ning electron microscopy showed the formation of spheres of
average diameter of 400 nm (Fig. 2). Specific surface analysis
resulted 100 m2/g.

Fig. 2 SEM micrograph of TiO2 nanospheres obtained using magnetic
stirrer
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An appreciable enhancement in the formation of droplets
into the emulsion was achieved using an ultrasonic gener-
ator. Ultrasonic waves allowed to obtain nano-droplets and
to prevent the aggregation of precipitates during the addi-
tion of the precursor solution into the emulsion. Moreover,
the interaction between ultrasonic waves and liquid phase in-
creased the temperature up to 80◦C, making unnecessary the
subsequent steps of heating and water removal through rota-
tion and evaporation. The product was a cloudy suspension,
in which particles couldn’t precipitate because of the very
small size. The precipitation was achieved by centrifugation
in isopropanol before the washing step. The XRD pattern,
reported in Fig. 1(b), showed the formation of anatase phase
instead of the rutile. The change of crystalline phase was
due to the different particle size yielded by the use of the
two mixing techniques. In fact the high energy supplied in
ultrasonic process favours high nucleation rate and is ex-
ploited to separate the nano-droplets, thus inhibiting particle
agglomeration. Therefore highly dispersed and finer particles
are yielded by the ultrasonic process with respect to the mag-
netic stirring. The different size of the nanospheres is the rea-
son for the mechanism of TiO2 phase formation during the
two processes, as the anatase phase is more stable at nano-
size, whilst rutile is the most thermodynamically stable phase
in the case of big particles. This explanation is in accordance
with several publications reporting that anatase is the ther-
modynamically stable phase if the particle size is less than
14 nm due to the significant increase of surface energy [16,
17].

TGA and DTA curves for crude powders are reported
in Fig. 3. DTA plot indicates the endothermic peak due to
physically absorbed water. The exothermic peak at 270◦C
corresponds to the decomposition of residual emulsifier, the
condensation of OH groups and of non-bonded oxygen
and the subsequent one at 390◦C corresponds to the crystal-
lization of anatase. Between 600 and 800◦C the exothermic

Fig. 3 DTA/TGA curves for as-synthesized TiO2 nanospheres obtained
using ultrasonic generator

Fig. 4 XRD patterns of as-synthesized (a) and treated at 600◦C (b)
TiO2 nanospheres obtained using ultrasonic generator

peak of the transformation anatase-rutile is evident. This was
confirmed by XRD pattern of powders heat treated at 600◦C
for 1 h in air, reported in Fig. 4. As can be noticed, anatase
and rutile phases were present.

The DTA plot is in good agreement with the behaviour
observed by Li et al. [18] on TiO2 powders obtained through
a slightly different process.

The TEM micrographs of as-synthesized and treated TiO2

nanopowders are shown in Figs. 5 and 6 respectively. As
can be noticed, particles with spherical shape and average
size of 6 nm were formed. Specific surface area was very
high, with a value of 280 m2/g. Heat treatment allowed the
re-crystallization of the powders without excessive particles
growth, as shown in Fig. 6. After treatment the particles are
characterized by average size of 30 nm, and the spherical
shape is partially lost due to the particles growth. A high
specific surface is maintained, with a value of 150 m2/g.

Fig. 5 TEM micrograph of as-synthesized TiO2 nanospheres obtained
using ultrasonic generator
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Fig. 6 TEM micrograph of TiO2 nanospheres obtained using ultrasonic
generator and heat treated at 600◦C

Conclusions

Titanium oxide nanosized powders with spherical morphol-
ogy were successfully synthesized through a microemulsion
precipitation method. The oil/water/emulsifier ratio and the
precursor solution concentration were optimized. Magnetic
stirring yielded rutile nanosized spherical particles with av-
erage diameter of hundreds nm. The use of ultrasonic mix-
ing gave remarkable improvement, decreasing the particle
size to tens nm. The calcination treatment slightly affected
particles size. The innovation of the present work consists
of adopting the microemulsion precipitation method to

obtain nanosized powders of TiO2. Future developments will
regard further study of some process parameters, particu-
larly the effect of ultrasonic stirring on the phase formation
of TiO2.
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