The Korean Journal of Ceramies, 3 [1] 52 - 56 (1997
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The Pt doped TiO. composite membranes were prepared by the sol-gel process. The Pt doped titania sal was pep-
tized with hydrachloric acid in the pH range of 1.23 te 1.32 at 50°C. The average particle size of the Pt doped ti-
tania sol was shown to he below 16 nm and well dispersed in the solution. XPS show the Pt elements contimious
and homogeneous dispersed in the Ti0); membrane, The mean particle size of the Pt doped TiQ, composite mem-
hrane has smaller than that of the undoped TiO, composite membrane. The average pore size of the Pt doped TiO;
composite membrane was increased from 58 to 193 A with firing temperature changed from 550 to 850°C. It was
observed that the Pt doped TiO. composite membranes showed crack-free and homogeneous microstructue as well

as narrow particle size distribution up to above 750°C.
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1. Introduction

eramic membranes, owing to their novel properties,

are important materials widely used in separation,
filtration, and catalytic reactions.” Ceramic membranes
have several advantages over polymeric membranes
such as better chemical and thermal stabilities, longer
life, and better defouling properties. These properties
have made ceramic membranes desirable for use in food,
pharmaceutical and electronic industries.”

Among several methods, the sol-gel approach is con-
sidered to be most practical one for the preparation of
ceramic membranes because the smallest possible pore
gize is determined by the primary particle size in the col-
loid suspension.” Depending on the desired pore size of
the membrane, the membrane precursor particles may
be prepared by the sol-gel method, ete.” The sol-gel pro-
cess 1s consisted of a series of steps which are i) hy-
drolysis of an organometallic compound, ii) peptization,
iii) dipping, 1v} drying and v) sintering. This technique al-
lows rapid synthesis of ultrafine membranes.

Titania membranes often show excellent chemical
resistance as well as interesting photochemical and pho-
tocatalytic properties.” Titania membranes, however, can
not be applied at high temperature (> 500°C) because of
poor thermal silability.

In the limited studies related to the thermal stability
of ceramic, membranes, Burgfraal et al.*” have det-
ermined the pore size of some ceramic membrane top lay-
ers at different sintering temperatures.

This high thermal stability of the ceramic membrane
allow it to use in gas separation at high temperatures,
especially in combination with a chemical reaction where
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the membrane is used as catalyst as well as a selective
barrier to remove one of the componenis which has been
formed.™""

In order to improve the thermal and physical pro-
perties of titania membranes, the Pt doped Ti0, com-
posite membranes were prepared by the sol-gel process.
The effects of the Pt on the grain growth, pore size and
mean particle diameter of the Pt doped TiO, composite
membranes are discussed in this paper,

II. Experimental Procedures

Titanium isepropoxide (Ti{OC,H,),) and Chloroplatinie
acid (HPtCl;- xH.() were used as the starting materials.
The titania sol was prepared by dissolving titanium
tetra-isopropoxide in isopropanol, followed by hydrolysis
with excess water. Peptization requires the amount of hy-
drochloric acid and the amount of acid added was deriv-
ed from the solution pH. Reaction temperature of the
slurry was kept al about 50°C. The Pt solution was pre-
pared by dissolving precursor in water. The Pt solution
was mixed with the titania sol Lo form the mixed solu-
tion The mixed solution was stirred thoroughly to give a
homogeneous mixture, The PVA solution was then mix-
ed with the mixed solution to form a PVA+mixed solu-
tion.

The tubular support was prepared by extrusion pro-
cess, followed by the slip casting. The alumina powders,
which have average particle sizes of 0 3-40 um were
used. The multi-layer support was about 12 ram in outer
diameter and about 2 mm in thickness. The multi-layer
support was immersed in mixed sol for 5 to 60 sec. The
support with gel layer wag dried for 48 h at 45°C in the
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oven. The support with thin film was calcined at 550 to
1000°C for 1 h. The supported memhbranes were caleined
at slow heating rate of 1°C/min up to objective tem-
perature and holding for 1 h, followed hy cooling down to
room temperature at a rate of 2°C/min. The particle size
and shape as well as the thickness of the membrane was
investigated by a scanning electron microscope (SEM, Hi-
tachi 8-4200). Transmission electron microscope (JEOL-
200 CX, Philips CM30) was performed to investigate the
dispersion of the particles in solution. The chemical com-
position of the top layer was analyzed by X-ray pho-
toelectron spectroscopy (SS1, 2803-8). The analysis of
the pore size, the surface area and pore size distribution
of the membranes was performed by gas adsorption-
desorption (Micromerilics, ASAP 2000) studies using N,
at 77T K. The particle size of the mixed sols was det-
ermined by using dvnamic light scattering method (Ar
laser, Nicomp 370). The viseosity of the snl was measur-
ed by using vigscometry (Brookfield, Mode DV-II).

II1. Result and Discussion

1. Mixed sol

Formation of a good gel layer depends greatly on the
sol conditions used.”” It iz expected that the membranes
having smaller pore diameter and narrower pore size dis-
tribution can be prepared from the sol whose particle
size is smaller.

A general feature of this technique is peptization, in
which hydrolysis oceurs withont addition of any acid, Fig-
ure 1 shows the titania particles obtained via hydrolysis
of Ti{OH). without adding hydrochloric acid. The par-
ticles agpregation was formed under these conditions.
The particles aggregation can then be dispersed by ad-
ding an acid to increase the surface charge on the solid
particles. Figure 2 shows the dispersion of the Pt par-
ticles in TiO, sol was continous and homogeneous. Then,

Fig. 1. TEM micrograph of a titamia sol obtained vie hy-
drolysis of Ti(OiP), without HCL
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diffraction pattern indicates that the phase of the mixed
sol ig anatase.

The nature of this peptization can be explained by elec-
trostatic interactions {Derjaquin ef al. theory)."™ The re-
pulsion forces that prevent particle aggregation in the
sol is result of the electrical double layer caused by the
amphoteric behavior of the oxide surface. In this con-
ditions, the primary particles of the sols were well disp-
ersed in the solution and the average particle size was
observed to be below 15 nm. The viscosity of the mixed
sol was in the range of 12 te 35 cps at about 25°C.

2. Ceramic supports

The iubular support has particles typically of 20~40
pm and a porosity around 30~45%. The particle di-
ameter diminishes with each successive layer, typically
to 2~10 pm in the second layer and 0.3~2.0 pym in the
third layer. The surface microstructure and the pore size
distribution of the o-AlLQ, support which was sintered at
1300°C for 1 h in air atmosphere, was reported.™ The
shape of the particles is found to he spherical and the av-
erage pore diameter of the final support was about 0.125
m,

3. Microstructure of the the Pt doped TiO; mem-
branes

The separation efficiency of imnrganic membranes de-
pends, to a large extent, on the microstructural features of

=

Fig. 2. TEM micrograph and diffraction pattern of the Pt
doped Ti0, sol obtained vie hydrolysis of Ti(0iP), with HCI.
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the membrane/support composites such as pare size and
its distribution, pore shape, porosity and tortuosity.™® For
efficient separation, porous inorganic membranes need to
be crack-firee and uniform in pore size.

The effect of the Pt on microstructural change in TiO,
gels with increasing temperature have heen investigated.
It should be noted that addition of the Pt into the Ti0,
gel were conducted at the first stage of mixing two al-
koxides, so that, after the sol-gel transformation, Pt
should be distributed uniformly throughout the Ti(Q, net-
work. No different local concentration of the Pt in the
Ti0, gel have been assumed.

Figure 3 shows the XPS spectrum of the Pt doped TiO,
top layers which was obtained hy sintering at 650°C for 1
h. This figure demonstrate the presenece of Pt and TiQ,.
It can be concluded that the Pt doped TiQ, composite
membranes can be made through a sol-gel process.

Figure 4 shows that the surface microstructure of the
Pt doped Ti0, membranes after calcination at 550 to
850°C for 1 h in air atmosphere. In all cases, the surface
of deposited membranes are smooth, neither cleavages
nor cracks are observed. Particle shape seem to be spher-
ical and necks was formed between the particles. The
maorphology of the grain are nearly uniform. This grain
growth at low temperatures may still be caused by sur-
face energy reduction. The average mean particle di-
ameter increased and the mean particle diameter dis-

Vnl.3, No.l

tribution hecame broader with increasing calcination
temperature.

In order to improve thermal stability of the TiO, com-
posite membranes, the Pt elements were introduced into
the TiQ. sols. Thermal stabilities of the Pt doped TiQ,
composite membranes were determined using the mean
particle size and membrane morpology after heat treat-
ments al 550 to 850°C for 1 h in air atmosphere.

Figure 5 illustrates that the particle size of the Pt dop-
ed Ti0, composite membranes were increased with firing
temperatue. The mean particle size was determined by
counting the number of particle size in a given area of
the membrane.
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Fig. 3. XP3 gpectrim of the Pt doped Ti0); composite mem-
branes sintered at 650°C {or 1 h.
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Fig, 4. Microstructure of the Pt doped T10; composite membranes sintered at a) 550°C, b} 650°C, ¢) 750°C and d} 850°C for 1 h.
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Fig. 5. Mean particle diameter (nm) vs. heat treatment tem-
peratures.
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Fig. 6. The average pore diameter (A) vs. heat treatment
temperature.

Whether it is sintering-caused or crystallization-in-
duced, grain growth has been retarded by introducing
the P{ into the TiO, membrane. The mean particle di-
ameter of the Pt doped TiD, membrane was increased
from 20 to 50 nm as {firing temperature was changed
from 550 to 850°C. Under the similiar conditions, the
mean particle size of the TiQ, composite membrane was
increased from 30 to above 100 nm.

The average pore size was determined by nitrogen
adsorption/desorption. Figure 6 illustrates the average
pore size increase with increasing temperature in Pt dop-
ed TiO; composite membrane. After caleined at 550 to
850°C for 1 h, the measured pore size were 58 A, 193 A,
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respectively. It was observed that the average pore size
of the doped TiO; composite membranes was increaged
with firing temeperature.

The mean pore diameter of the Pt doped Ti0, mem-
branes increases beyond the mesoporous region at tem-
perature higher than 600°C for the pure Ti(, This can
be increased to above 750°C for the Pt doped Ti0, mem-
branes. This increase in critical temperature is very im-
portant in the application of mesoporous ceramic mem-
branes in high temperature applications,

IV. Conculsions

The Pt doped TiO, composite membrane was prepared
by the sol-gel process. The titania sol was prepared by
destabilization of colloidal sclution process. The average
particle size of the Pt doped titania sol was below 15 nm
in the pH range of 1.23 to 1.32. The crack-free mi-
crostructure of the gel layer was obtained by drying at
45°C for 48 h. Thickness of the top layers was 0.1 to 0.5
um. The average pore size of the alumina support was a-
bout 0.125 pm.

Whether it is sinteringcaused or crystallization-in-
duced, grain growth has been retarded by introducing
the Pt into the TiQ; membrane. XPS show the Pt ele-
ments continueus and homogeneous dispersed in the TiO,
membrane. The mean particle size of the Pt doped TiO,
composite membrane has smaller than that of the un-
doped Ti0, composite membrane. The average pore size
of the Pt doped Ti0, composite membrane was increased
from 58 to 193 A with firing temperature changed from
550 to 850°C. It was observed that the Pt doped 'TiO,
composite membranes showed crack-free and homo-
geneous microstructue as well as narrow particle size dis-
tribution up to above 750°C.

In view of their thermal stabilites, the Pt doped TiOQ,
composite membrane is a pood candidate for use in ul-
trafiltration.

References

1. Lin, ¥. 8. and Burggraaf, A J, “Preparation and
characterization of high-temperature thermally stable
alumina compogite memhrane,” . Am. Ceram. Soe.,
T4[1], 219-24 {1991).

. Cheryan, M., Ultrafiltration Handbook, Technomic Pub-
lishing Company, Lancaster, FA, pp. 7-25 {1986).

3. Uhlhorn, R. J. R., Huis In't Veld, M. H. B. J., Keizer, K.
and Burggraal, A. F., "Snthesis of ceramic membranes,’
d. Mat Sct., 27, 527-537 (1992).

4. Qunyin, X. and Mare, A. A.. "Sol-Gel roule to synthesis
of microporous ceramic membranes: Thermal stability of
Ti0-2r0; mixed oxides,” J. Am. Ceram. Soc., T6[8], 2093-
97 (1954),

5. Sabate, J., Anderson, M. A.. Kikkawa, H., Edwards, M.
and Hill, C. G., "A kinetic study of the photocatalytic de-
gradation of 3-chlorosalicylic acid over Ti(, membranes

Q)



56

10.

11.

12,

The Korcan Journal of Ceramics - Dong-Sik Bac e af

supported on glass,” J. catal., 127, 167 (1991).

. Leenaars, A. F. M,, Keizer, K. and Burggraaf, A. J., "The

preparation and characterization of alumina membranes
with ultrafine pores,” J. Mater. Sci., 19, 1077-88 (1984).

. Larbot, A, Fabre, J. P., Guizard, C and Cot, L., "New

inorganic ultrafiltration membranes: titania and zireonia
membranes, J. Am. Ceram. Soc., 72, 257 {1989).

. Bhave, R. K., Inorganic Membranees: Synthesis, Charac-

teristics and Applications, Van Nostrand Reinhold, New
York, pp. 15-37, (1991),

. Brink, C. J and Scherer, G. W.. Sol-Gel Science: The

Physics and Chemistry of Sol-Gel Processing, Academic
Press, San Diego, pp. 841-870, (1990).

Ezzo, B. M., Einabarawy, T. and Youssef, A M,
“Studies on the mixed oxide catalytst: Alumina oxide-
Chromium (IID) oxide Surf. Techral., 9, 111-118 (1979).
Makishima, A, Asami, M. and Wada, K., "Preparation
and properties of TiQCe(O, coatings by the sol-gel pro-
cess,” . Non-Cry. Sol., 121, 310-314 (1990}

Chang, C. H., Gopalan, R. and Lin, ¥. S, "A com-

13.

14.

15.

16.

Val.3, No.l

parative study on thermal and hydrothermal stability of
alumina, titania and zirconia membranes, f. Mem. Sct.,
91, 27-45 (1994),

Derjaquin, B. V. and Landau, L. D., “Theory of the sta-
bility of strongly charged lyophobic sols and of the adhe-
sion of strongly charged particles in solutions of elec-
trolytes.” Acta Physicochim. URSS, 14, 633-62 (1941),
Bae, D. 5., Han, K. 8., and Choi, S. H., "Fabrication of
Ti0y-CeQ. composite membranes with thermal stability,
Kor. J. Ceram., 1[4], 219-223 (1995).

Chai, M, Machida, M., Eguchi, K. and Arai, H,
“Preparation and characterization of sol-gel derived mi-
craporous membranes with high thermal stability,” oJ.
Mem. Scu., 96, 205-212 (1994).

Kumar, K. M. P, Zaspalis, V. T, Demul, F. F. M., Kejz-
er, B. and Burggraaf, A, J., "Thermal stability of sup-
ported titania membranes,” in Hampden-Smith, M. J.,
Klempere, W. G. and Brinker, C. J., (eds.), Better Ceram-
ies Through Cherustry V, MRS, Pittsburgh, pp. 499-504,
{1992),



