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Abstract 

We present a new geometrical model for estimation of specific surface area Sv, pore and strut diameters 

of open-cell foams starting from hydraulic porosity, cell diameter and strut shape. The cell diameter is 

selected as the best parameter to characterize the foam geometry because it is the dimension of the unit 

cell, it is constant during washcoating processes and exhibits the lowest variance among all the possible 

geometrical parameters. The proposed geometrical model is validated against specific surface areas of 

several foam samples measured by tomographic analysis. Based on the new geometric model, a general 

correlation for the estimation of dimensionless gas/solid mass transfer coefficients in coated foams is 

proposed, where the inverse of the specific surface area is used as the characteristic length. The 

correlation has been validated over the widest ranges so far reported of Reynolds numbers [7 – 900], 

foam hydraulic porosities [0.75 - 0.95] and pore densities [10 - 110 ppi].  
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Introduction  
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  Open cell ceramic or metallic foams have been 

widely investigated as potential catalyst supports due to 

their enhanced properties of mass and heat transfer, low 

resistance to flow and high surface areas. Metallic and 

ceramic foams consist in interconnected structures, where a 

unit cell includes solid struts and open windows, also 

called pores. A further parameter that characterizes foams 

is the porosity, i.e. the ratio between the accessible volume 

and the total volume of the foam, usually called hydraulic 

or open porosity. 

Geometrical models 

Many geometrical models have been presented in the 

last decade to represent the random structure of foams. The 

tetrakaidecahedron (TKKD) model is the most popular 

choice to represent open-cell foams, being the solution of 

the Kelvin problem. Inayat et al. (2011) proposed a 

correlation based on a TKKD geometry to calculate the 

specific surface area and the strut diameter for circular, 

simple or concave triangular strut shapes, starting from the 

pore diameter. 

       The tomography data reported by Bianchi et al. (2012) 

show that, among all the geometrical parameters, the cell 

diameter exhibits the lowest relative variance; this can be 

explained considering that pores usually show a 

dependency on the number of faces composing the unit 

cell, while struts may present a variable diameter.  

The proposed model, based on a TKKD geometry, 

considers the cell diameter as the characteristic 

geometrical dimension, where the cell includes the void 

space and an entire ligament. Two different geometrical 
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models can be developed considering circular or triangular 

struts. For triangular struts, each vertex is approximated by 

a regular tetrahedron with a side equal to the strut 

diameter, while for circular struts the intersection of the 

struts can be approximated by the Steinmaz solid, whereas 

the surface contribution of each vertex can be 

approximated with one fourth of the area of the cylinder 

with length equal to half of the strut.  

Figure 1 shows a parity plot of specific surface areas 

Sv computed according to the model herein proposed and 

according to the model by Inayat et al. (2011) versus 

estimates from tomographic analysis of metallic and 

ceramic foam samples taken from the literature [Bianchi et 

al. (2012); Inayat et al. (2011)]. 
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Figure 1 – Parity plot of estimated Sv 

Gas/solid mass transfer correlation  

Reliable estimation of gas/solid mass transfer rates in 

ceramic and metallic foam is crucial in view of their 

possible applications in catalysis. A correlation for the 

Sherwood number in foams was proposed by Groppi et al. 

(2007), using the strut diameter as the characteristic length 

and a cubic cell geometry. Incera-Garrido et al. (2008) 

proposed a correlation for the mass transfer coefficient, 

using the sum of the pore and strut diameters as 

geometrical length, and a TKKD model based on the same 

length. Although the proposed correlation provides a good 

agreement with experimental results, the proposed 

correlation includes five fitting coefficients in a non-

dimensionless form.  

A new dimensionless mass transfer correlation based 

on the above TKKD geometry is herein proposed, using 

the inverse of the specific surface area as the characteristic 

length. The substantial improvement is the elimination of 

the dimensional fitting constant with respect to Incera – 

Garrido et al. (2008), introducing 1/Sv as the characteristic 

length in the Reynolds and Sherwood numbers: 
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As shown in Fig. 2, the proposed correlation is in 

excellent agreement with new mass transfer data collected 

in this work over FeCrAlloy foams via CO oxidation 

experiments, as well with literature data [Groppi et al., 

(2007); Incera-Garrido et al., (2008)]. 
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Figure 2 – Proposed mass transfer correlation compared 

with data over different foams.  

 

Conclusions 

A new geometrical model for open cell foams, based 

on the cell diameter and the hydraulic porosity, is here 

presented and validated with new and literature data. The 

geometrical model is able to estimate with accuracy the 

foam specific surface areas and calculate an average strut 

size. An original dimensionless correlation to estimate gas-

solid mass transfer coefficients, based on a large set of 

experimental data for metallic and ceramic foams, is also 

presented and validated over a wide range of Reynolds 

number, foam porosities and pore densities. 
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