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PREPARATION OF  γ -ALUMINA FOAMS OF HIGH SURFACE AREA   
EMPLOYING THE POLYURETHANE SPONGE REPLICA METHOD 
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Abstract−− Single phase γ-Al2O3 ceramic foams 
with high surface area (~180 m2/g) and porosity 
(67%) were prepared by the polyurethane sponge 
method from slurries containing γ-Al2O3 (~40 wt % 
of solids). Different commercial polyurethane 
sponges were tested as templates for the ceramic 
foams, and the better results were obtained with a 
hydrophilated polyester polyurethane with pore den-
sity of 122 ppi, and thermal behavior that suggested 
the presence of fire retardant and smoke suppressor 
additives. 

The mechanical strength of the ceramic foams 
depended on several factors, such as the chemical 
nature of the sponge employed as template, composi-
tion of the slurry, and the heating rate during calci-
nation. It was found that at least four cycles of re-
coating followed by drying were required before cal-
cination to prevent collapse of the ceramic foams. 
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I. INTRODUCTION 
Porous ceramics are finding increasing applications as 
catalytic supports, ceramics membranes, sensors, filters, 
thermal and acoustic insulators, due to their properties 
such as low density, low thermal conductivity, high 
temperature stability and high resistance to chemical at-
tack (Han et al., 2002, Blachou et al., 1992). The excel-
lent properties of catalysts supports based on porous ce-
ramics has led to the application of this type of catalyst 
to processes such as hydrotreatment, methanation, fuel 
cells and biochemical reaction (Irandoust and Anders-
son, 1988; Ávila et al., 2005) . 

Ceramic foams are a special class of porous materi-
als comprised of large voids (cells), with linear dimen-
sions in the range of 10 μm to 5 mm and possessing a 
geometry that, has been approximated  to that of a tetra-
kaidecahedron (Colombo, 2002). 

They are open-cell ceramic structures that may be 
fabricated in a variety of shapes from a wide range of 

materials, and they exhibit very high porosities with 
good interconnectivity (Twigg and Richardson, 2007). 
Owing to the combination of their special geometry and 
resulting properties, they can be used in a wide range of 
engineering applications. 

The most popular manufacturing route for ceramic 
foams is the polyurethane (PU) sponge replica tech-
nique o polymeric sponge method. This methodology 
allows to obtain open cell porous ceramic structures 
with a controllable pore size, interconnected pores and 
desired geometry (Ramay and Zhang, 2003). The first 
step in the manufacturing route involves dipping a re-
ticulated PU sponge in a ceramic slurry, squeezing out 
the excess liquid and drying the coated foam. Next, the 
PU template is burnt out (at around 500 ºC) and the 
structure is sintered at a temperature depending on the 
desired ceramic material (Blachou et al., 1992, 
Tripkovic et al., 2006). To deposit the suitable amount 
of ceramics particles in a single application, the solids 
content of the slurry has to be high. Alternatively, after 
a first coating of the support with a less viscous slurry 
and thermal treatment, several layers of material can be 
added by additional immersion and thermal treatment 
cycles. It is important to control the slurry viscosity dur-
ing the washcoating process, in order to achieve a high 
loading of ceramic particles, to aid the adhesion of the 
alumina to the substrate and to prevent the plugging of 
structure channels (Blachou et al., 1992). The main 
drawback of ceramic foams produced by this route is 
their mechanical weakness due to the formation of hol-
low struts and residual cracks during processing (Han et 
al., 2002). This limits their performance and their use in 
certain applications. 

The selection of the PU sponge for the preparation 
of the ceramic foam is an important issue, as the phys-
icochemical properties of these polymers may influence 
the sinterization of the ceramics during the calcining 
step. Polyurethane sponge is a cellular solid consisting 
of areas of PU polymer separated by voids (Parsons and 
Mountainm, 2007). The areas containing solid material 
are referred to as struts, whilst the voids may be referred 
to as cells or pores. In mechanical terms, PU sponges 


