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Application of Membrane Separation in Purification of

Hydrated Titanium Dioxide Nanoparticles

Abstract

Titanium dioxide shows outstanding chemical stability, high refraction index, great
ultraviolet absorptive and photochemical activity, which are expected to play important roles
in pigments, catalysts and supports, ceramics, inorganic membrane, waster water purification
and so forth. The titanium dioxide nanoparticles have large specific surface area and exhibit
some specia characteristics. However nanoparticles have a strong tendency to agglomerate
in the presence of salts, especially during sintering processes, which leads to the decrease of
the thermal stability and exerts influences on their applications. However, to our knowledge,
the effects of chloride ion on the properties of titanium dioxide nanoparticles have not been
reported in details.

In thefirst part of this paper, we report, for the first time, the influences of chlorideion
on the structural properties of titanium dioxide nanoparticles. The nanosized titanium dioxide
hydrates were prepared by means of neutralization of hydrolyzed titanium tetrachloride
solution with urea and ammonia respectively. Subsequently, the precipitated titanium dioxide
hydrates were filtered by ultrafiltration membrane. By controlling the conditions of the
washing process, titanium dioxide hydrates with different chloride ion content were obtained.
Titanium dioxide hydrates were dried either at 50  under vacuum or with the distillation
process, and then calcined at 500 or 800 for 2 hours. SEM and XRD were used to
characterize the size and the crystal structure of the titanium dioxide nanoparticles with
different chloride ion content. At the same time, changes of the surface areas were studied by
BET. The main results are summarized as follows:

(1) With urea as the precipitant, the effects of chloride ion on the calcined titanium
dioxide nanoparticles have been investigated. The same results were showed when titanium
dioxide nanoparticles dried either under vacuum or with distillation process. SEM shows that
nanoparticles, whether calcined at 500 or 800 , become smaller with the decrease of
chloride ion content. This should be mainly attributed to the fact that purification reduces the
agglomeration during the calcining process. XRD shows that the anatase-rutile phase
transition is affected by the content of chloride ion in titanium dioxide nanoparticles. Anatase
and rutile phases coexist when urea is used as precipitant. The mass fraction of anatase
increases with the decreasing of the chloride ion content. The mean crystalite sizes,
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estimated by the Scherrer formula, for both anatase and rutile phases almost decrease with
the decrease of the chloride ion content. When the content of chloride ion reduces, the BET
surface areas of titanium dioxides increase, which is due to the decrease of the average sizes
and the anatase-rutile transformation. In addition, the influence of chloride ion in nanosized
titanium dioxide on the photocatalytic degradation of methylene blue has been investigated.
Theresult is the rate of photocatal ytic degradation increases with the decrease of the chloride
ion content. All the results suggest that purification is significant for the optimum application
of titanium dioxides.

(2) Using ammonia as the precipitant, we repeated the above experiments. We found
that titanium dioxide nanoparticles prepared with ammonia only contain anatase phase. But
so far as the structural properties of the titanium dioxide nanoparticles are concerned, the
same conclusion can be reached. Namely, purification results in smaller particle sizes,
smaller crystallite sizes and larger BET surface areas. Thus two preparation methods with
different precipitants (urea or ammonia), two different sintering processes (vacuum or
distillation) and two different calcination temperatures (500  or 800 ) all lead to the same
conclusion that purification is significant to achieve the optimum properties, which in turn
has large influence on the application of the titanium dioxide nanoparticles.

The existence of chloride impurities strongly affects the properties of the titanium
dioxide nanoparticles. Therefore, it is very important to develop new purification technology
for the applications of the nanosized titanium dioxide hydrates. In the second part of this
paper, we report, for the first time, our results on the applicability of ultrafiltration (UF) and
microfiltration (MF) in the purification of nanosized titanium dioxide hydrates with the mean
sizes of 30nm (TEM analysis). We show that low molecular weight component (amomonium
chloride) is separated from nanoparticles by UF and MF. Proper membrane structure
parameters and operating conditions have been optimized in order to obtain high permeate
flux. And the separation abilities and efficiencies of UF and MF membranes have been
investigated in the purification of titanium dioxide hydrate nanoparticles. The controlling of
membrane fouling and membrane regeneration has also been discussed. The main results are
summarized as follows:

Firstly, UF process was found to be feasible in the purification of nanosized titanium
dioxide hydrates. The influences of membrane material and molecular weight cut off
(MWCO) on the permeate flux of the titanium dioxide hydrate nanoparticles latices have
been studied. The planar membranes used in UF process were made from PES with MWCO
30kDa, 50kDa and 100kDa, respectively. The results show that PES UF membranes with
50kDa have the highest permeate flux. Then, the permeate fluxes of the UF membranes with
MWCO 50kDa made from PES, PAN and CA have been investigated, and the results show
that PES UF membranes have the highest permeate flux. So the PES UF membranes with
50kDa have been used to study the proper operating conditions.



The permeate fluxes have been investigated in relation to the operating pressure, the
feed concentration and the chloride ion content. At high pressure of 0.83MPa, the permeate
flux is lowest because of the grave fouling. Reducing the pressure tends to increase the
permeate flux. However, at the pressure as low as 0.21MPa, the permeate flux is not optimal.
We found the proper pressure is 0.48MPa with an average permeate flux as high as
310.171L/m?. h. The relationship between the permeate flux and the feed concentration has
also been investigated using the feed concentration of 3.104g/L, 6.208g/L and 12.416g/L
respectively. We found that the permeate flux decreases with the increase of the feed
concentration due to the precipitation of the titanium dioxide hydrate nanopaticles on the
membrane surfaces and the permeate flux is the highest when the feed concentration is
3.104g/L. We have also studied the relationship between the permeate flux and the chloride
ion content with the chloride ion content of 2.45x 10*mol/L, 2.48x 10°mol/L, and 2.47x
10°mol/L, respectively, and found that the permeate flux decreases as the chloride ion
content is enhanced.

After found the optimum conditions to ensure the maxima permeate flux and
purification degree, the ability of purification of nanosized titanium dioxide hydrates by PES
UF membranes with MWCO of 50kDa has been investigated under the pressure of 0.48MPa.
The feed concentration was 10.46g/L and the chloride ion content was 2.48x 10°mol/L. The
permeate flux was measured and the samples of permeate and feed were collected for
analysis. Their conductivity was determined by using a conductivity microelectrode and a
digital conductivity meter. And the chloride ion content was measured using an ionic activity
meter. The sizes of the nanoparticles in the origina solution as well as the retentate were
determined by TEM. It was shown that the mean permeate flux has been maintained to be of
77L/m?. h for 5 hours and 87.26% chloride ion has been separated from nanosized titanium
dioxide hydrates using PES UF membranes for 8.5 hours. UF is, therefore, concluded to be
feasible in the purification of the nanosized titanium dioxide hydrates. Fouling is a major
problem in membrane separate application, which induces the deterioration of membranes
and increases the treatment cost. The fouling and cleaning of PES UF membranes with
MWCO 50kDa have been investigated. SEM shows that the fouling comes from the
deposition of the titanium dioxide hydrates, leading to the decreasing of the permeate flux.
Physical cleaning is effective to recover the permeate flux, leading to the membrane
regeneration. All these works promote the industrialization of this purification process.

Secondly, MF was also found to be a feasible technology in the purification of
nanosized titanium dioxide hydrates. We have studied the membrane material and the MF
membrane pore sizes to ensure a maximal permeate flux. 0.15u4 CA MF membrane, 0.30u
PVDF MF membrane and 0.30p CA MF membrane have been used. 0.15u4 CA MF
membrane exhibits the highest mean permeate flux and the best stability. 0.15u CA MF
membrane was then used to optimize the operation conditions, such as the operating pressure,
the feed concentration and the chloride ion content. The results show that a lower pressure, a
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lower feed concentration and a lower chloride ion content are preferred to reach a higher
permeate flux.

After found the optimum conditions to ensure the maxima permeate flux and
purification degree, the ability of purification of nanosized titanium dioxide hydrates by 0.15
g CA MF membrane was investigated under the optimum pressure of 0.21MPa. The feed
concentration was 10.46g/L and the chloride ion content was 2.48x 10mol/L. It was shown
that the permeate flux was between 60.03L/m?- h and 94.57L/m?. h in 8h and 81.80% chloride
ion was separated from nanosized titanium dioxide hydride by 5 hours filtration with 0.15u
CA MF membrane. Based on the observed permeate flux and purification efficiency, we
conclude that MF is feasible in the purification of nanosized titanium dioxide hydrates. We
have also studied the fouling and cleaning of 0.15u4 CA MF membrane. SEM shows that
titanium dioxide hydrate deposition not only happens on the membrane surfaces but also in
the membrane pores. In accord with PES UF with MWCO of 50kDa, physical cleaning was
also found to be effective for anearly full recovery of 0.15u CA MF membrane.

In conclusion, we have studied the effect of ammonium chloride on the structura
properties of nanosized titanium dioxides. We report, for the first time, our results on the
feasibility of membrane separate technology in the purification of nanosized titanium dioxide
hydrates. Two different preparing methods and two different drying processes all suggest that
purification is very important to achieve the optimum properties and for the application of
titanium dioxides. UF and MF are both feasible in the purification of nanosized titanium
dioxide hydrates.

Key words. Nanosized titanium dioxide; Purification; Membrane separation
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