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Metal Foams as Heterogeneous Catalyst Substrate  

Á Catalytic packed bed reactors are typically 

filled with catalyst pellets such as cylindrical, 

extruded, or other shapes.  

Á In highly endothermic or exothermic 

reactions a multi - tube configuration is 

usually used to provide a large heat transfer 

surface area.  

Á Good internal heat transfer properties are essential to avoid large thermal 

gradients, and maximize the efficiency of the reaction.  

Á Alternative durable high porosity structures coated with catalyst could be 

more efficient choices over pellet beds.  

Á Examples of such structures are ceramic, metallic foams and monoliths 

coated with a layer of catalyst (washcoat).  



Metal Foam Manufacturing Technologies  

ÁDirect slurry deposition  

ï A metal powder slurry is deposited on polyurethane (PU) foam  

ï The foam is sintered forming a foam self supporting structure  

ï Suitable for large pore sizes (1200 micron or larger)  

ï Limited homogeneity  

ï Percentage of blocked pores non -negligible  

ÁTwo -step process: precursor foam manufacturing followed by 

alloying  

ï A metal foam precursor is made by CVD or electrolytic coating of PU 
foam  

ï The foam then undergoes an alloying process based on powder 
metallurgy technology  

ï Suitable for small to medium pore sizes (450 to 1200 micron)  

ï High degree of homogeneity in the morphology  

ï No blocked pores or negligible percentage  



Two -Step Manufacturing Process  

Foam Alloying  



Transient Liquid Phase Sintering  



Foam Morphology  



Foam Properties  

 

 

 

Property  Foam  

Size  
Pore size = 450 -  2000 m 
Strut hydraulic diameter = 50 -100 m 

Density  
Alloy density = 5000 -  8000 kg/m 3 

Apparent density = 400 -  800 kg/m 3 

Specific surface area  5000 -  12000 m 2/m 3 

Porosity  0.85 ï 0.95  



Potential Advantages of Metal Foams in Catalytic 
Packed Beds  

Morphological and mechanical  

Á Good structural homogeneity  

Á High porosity  

Á Light weight  

Á Large surface area  

Á Formability  

Flow, mass and heat transfer  

Á Low pressure drop  

Á Enhanced flow mixing  

Á High heat transfer and mass transfer rates  

Á High thermal conductivity  

Á Low diffusion resistance due to thin catalyst layer  

Chemical  

Á Composition customized to the environment (FeCrAlloy, Inconel ® , nickel 
aluminide, é) 

Á Excellent oxidation and corrosion resistance  



Potential Applications  

Á Heterogeneous catalysts  

Á Packing material in distillation, adsorption and chemisorption  

Á Micro - reactors  

Á Fuel cells  

Á Compact heat exchangers  

Á Static mixers  

Á Process Intensification  



Application in Steam Methane Reforming (SMR)  

Á Steam reforming of natural gas is the most important and economic 

process for production of hydrogen and synthesis gas needed in many 

chemical and petrochemical processes  

Á The steam reformer is typically a furnace containing burners and tubes 

packed with nickel catalyst on porous alumina support.  

Á The following important reactions take place within the reformer:  

  CH4 + H 2O Ú CO + 3H 2  DHr = 2.061 X 10 5 kJ/kmol  (1)  

  CO + H 2O Ú CO2 + H 2  DHr = -4.11 X 10 4 kJ/kmol   (2)  

  CH4 + 2H 2O Ú CO2 + 4H 2 DHr = 1.650 X10 5 kJ/kmol   (3)  

 



SMR Reactor  

Á Highly endothermic reaction  

Á Several hundred tubes of 10 -

12 m long in a vertical furnace  

Á Downward flow of natural gas 

+ steam feeds each tube  

Á The tube walls are heated by 

convection and radiation from 

combustion gases  

Á Tubes are filled with cylindrical 

pellets of ~ 1 -1.5 cm diameter 

and height  

Á Tube life is a strong function of 

tube temperature.   



Heat Transfer Issues in SMR Reactors  

Á Due to the strongly endothermic nature of the SMR reactions, a large 

amount of heat is supplied by fuel burning in the furnace chamber, 

making the process heat transfer - limited.  

Á The tubes are exposed to significant axial and radial temperature 

gradients. In side fired reformers, axial temperature differences are 

around 200 -270ºC and radial temperature gradients are up to 80ºC.  

Á The tube wall material should be durable enough to sustain this high 

thermal load, combined with large axial and radial temperature 

gradients.  

Á It is common knowledge that even a slight increase in the maximum 

tube wall temperature may result in a serious decline of the expected 

tube lifetime.  



Motivation for this Work  

Á A  preliminary comparative analysis 

by Saberi et al. (2010) showed that 

metallic foam in packed beds 

increases the heat transfer rates 

which in turn leads to lower energy 

consumption, longer reactor life, and 

increased production  

Á The interaction between the flow 

and the foam micro -structure is not 

well understood  

Á Quantitative momentum, heat and 

mass transfer models are key to 

design of next generation foam 

packed beds.  
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Study Objectives and Scope  

Objectives  

Á Develop a 3D CFD model to analyze flow, mixing and heat transfer 
in the foam micro -structure  

Scope  

Á The foam microstructure was scanned by micro - tomography at 
European Synchrotron Radiation Facility in Grenoble, France. A 3 -D 
structure was created from those scans (ARMINES -  Ecole des Mines 
de Paris)  

Á The 3D foam geometry was meshed and transformed to a STL file  

Á The STL file was transferred to FLOW-3D®  

Á A simulation was defined and problem was set -up including flow and 
heat transfer  

Á A statistical analysis was performed on the results and a macro -
mixing model was developed  



Micro -Tomography: A Super -Microscope  

Acquisition parameters :  

Á  Energy : 15 keV  / 30 keV  

Á  900 radiographs  over 180 °  

Á  resolution  : 1.4 µm / 5 µm  



Metal Foam 3D Geometry (High Resolution)  



FLOW - 3D ®  FAVOR Mesh  



FLOW - 3D ®  Model Parameters  

Á One fluid model  

Á Incompressible  

Á Laminar flow  

Á Second order advection for fluid  

Á Full energy equation for fluid to solid heat transfer  

Á Implicit  

Á Double precision  

Á Fluid air  

Á Mesh size 150 X 150 X 100 or 2.25 MM cells (6 m X 6m X 5m)  

Á Intel Core i7 CPU @ 2.67 GHz  

Á 12 GB RAM  



Boundary Conditions  

1 Wall ( Twall  = 900 K)  

2 Symmetry  

3 Velocity inlet (Velocity = 0.375, 
0.75, 1.5 m/s; Tinlet  = 800 K)  

4 Outflow  

5 Symmetry  

6 Symmetry  
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Velocity Vectors (z -plane)  
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Velocity Vectors (z -plane)  
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Velocity Vectors (z -plane)  
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Effect of Foam Struts (z -plane)  

High velocity area ~ 4 times average  
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Effect of Foam Struts (y -plane)  

Vortical  structures  
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Effect of Foam Struts (x -plane)  
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Distance from inlet (cm )  

Structure - Induced (macro) Kinetic Energy  



U-Velocity Magnitude Contours (y -plane)  
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V-Velocity Magnitude Contours (y -plane)  
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