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Abstract 
Polyhedral open cell lattice catalyst substrates are proposed based on results of numerical simulations 
and recent advances in Additive Manufacturing (AM) techniques. 
Detailed simulations have compared different polyhedral structures in terms of mass transfer (aiming 
at optimal reactivity in the mass transfer limited domain) and flow through resistance. The simulations 
have taken into account dimensional limits given by the possibilities of AM techniques. Comparisons 
with state of art honeycombs have been also used in order to identify the optimal shape. 
Substrates with these optimal characteristics have been manufactured out of Al2O3 with Stereolithog-
raphy. Subsequently, these substrates have been coated and used for measurements of C3H6 oxida-
tion in a model gas reactor. Measurements have focused in determining oxidation efficiency at differ-
ent gas hourly space velocities as well as light-off behaviour.  
Simulation results show that the optimal open cell structures are comprised by a cubic elementary cell 
rotated by 45° so that one spatial diagonal of the cube is aligned to the main gas flow. Higher porosi-
ties and smaller strut diameters improve the reactivity to pressure drop trade off. However, given the 
current manufacturing limitations, it is not possible to produce structures with strut diameters lower 
than 0.5 mm. This results in high porosity but low specific surface area (i.e ε=0.95 and Sv=400m

2
/m

3
). 

Thus, reaching a target conversion requires higher overall catalyst volume. The simulations show that 
for a series of geometrical parameters the open cell structures can reach identical conversion in re-
spect to the honeycombs with only a fraction of the overall surface area and thus a fraction of the no-
ble metals, while the overall dimensions are in the same order of magnitude and the pressure drop 
can reach lower levels. 
Measurements in the model gas reactor confirm the mass transfer advantages of the polyhedral struc-
tures as predicted by the simulations. Measurements also show that the polyhedral lattices have very 
similar light-off behaviour in spite the four times lower surface area.  
 
Nomenclature 

A:  Cross section of catalyst 
AM:  Additive Manufacturing 
CPSI: Cells Per Square Inch, commercial characterization of honeycomb catalyst 

substrates 
Cubic: Additive Manufactured (AM) catalyst substrate consisting of cubes as elemen-

tary cells aligned with the main flow 

Cubic45: AM catalyst substrate consisting of cubes as elementary cells rotated by 45 
so that one spatial diagonal of the cube is aligned to the main gas flow 

Dij:  Diffusivity of specie i in a gas j 
dc:  Wetted width of a (square) honeycomb channel 
Dc: Inner width of a (square) honeycomb channel, difference to dc is the coating 

thickness 
ds:  Strut diameter 
ghsv: Gas hourly space velocity through the catalyst, it corresponds to the ratio be-

tween the gas volume flow rate and the catalyst volume 
HC: Honeycomb catalyst substrate (conventional) 
K:  Mass transfer coefficient 
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Kelvin:  AM catalyst substrate consisting of Kelvin cells (tetrakaidekahedral) as ele-
mentary cells 
L: Length of entire catalyst 
Lc:  Cell length 
Ls:  Strut length (in case of Cubic elementary cells Lc= Ls) 
MMi:  Molar mass of specie i 
MMCH4:  Molar mass of methane 
Octet:   AM catalyst substrate consisting of octets as elementary cells  
PGM:  Platin Group Metalls 

𝑄̇
𝑖𝑛

:   Gas volume flow to the catalyst 

rc:  Chamfer dimension at the corner in the HC structure 
Re:  Reynolds number based on strut diameter  
Sc:  Schmidt number  
Sh: Sherwood number 
Sv: Specific surface area 
Sw:  Wetted surface area 
SLA:  Stereo Lithography (additive manufacturing technique) 
TC:  Thermo Couple 
V: Volume of entire catalyst 
vin:  Mean gas velocity upstream the catalyst entrance 
XCH4:  mass concentration of methane 
Xi:  mass concentration of specie i 
Yi:  molar concentration of specie i 
YCH4:  molar concentration of methane 
ΔP: Pressure drop through the catalyst 
ε:  (Macro-) Porosity of the catalyst 
η:  Conversion through the catalyst 
φ:  Tube quartz reactor diameter 

 
Keywords: Automotive Catalysts Open Cell Polyhedral Lattices, Additive Manufacturing, Honey-
combs, Heat and Mass transfer in Catalysts, Catalyst Numerical Simulations, Model Gas Reactor. 
 
1. INTRODUCTION 
Catalyst technologies for automotive after-
treatment systems require constant develop-
ments to comply with the latest regulations 
concerning real driving emissions.  
The current benchmark in catalyst substrates 
are honeycombs (HCs), while open cell struc-
tures represent a new paradigm that is gaining 
attention because of its promising properties 
[1]. In HCs the laminar flow in the channels re-
sults in low heat and mass transfer. Instead, 
the network of solid struts of the open cell lat-
tices is characterized by tortuous paths that 
enhance gas-wall interactions and contribute to 
lower thermal inertia [2]. The result is higher 
conversion efficiencies [3][4], lower cold start 
emissions and higher flow uniformity, which is 
a key factor for catalyst durability [5][6][7][8]. 
They also allow more flexibility in the geomet-
rical configuration of the reactor [9]. The in-
creased mass and momentum transfer proper-
ties of open cell structures, however, result 
also in a higher pressure drop per unit of 
length [10][11], decreasing engine efficiency. 
Thus, to have a fair comparison, the perfor-
mance index I has been introduced [3], which 
evaluates catalyst efficiency by relating con-
version to pressure drop. CFD analysis sug-

gested that the trade off is in favour of open 
cell structures when the porosity is high 
enough [1][12].  
In the past, work on open cell catalysts fo-
cused on foam structures, with some degree of 
uncontrollable randomness, characterized by 
statistical averaged quantities [13]. Some effort 
has been spent on their modelling. Computing 
capabilities have allowed performing computa-
tional analysis of real CT foam scans 
[2][14][15][16][17]. Foams can also be accu-
rately reconstructed with elaborated algorithms 
based on Voronoi tessellations [18][19][20]. 
However, these techniques increase the com-
putational load. To simplify the procedure, in 
literature, an alternative has been to model 
foams as regular cell structures. Some works 
have been conducted by numerical simulations 
of open cell foams consisting of regular cells 
[3][21][22].Periodic open cellular structures 
were also studied experimentally: [23] investi-
gated the effects of porosity and cell orienta-
tion on pressure drop. Regular structures are 
easier to handle because they require only two 
independent parameters (for example the 
characteristic pore dimension and its ratio to 
the strut diameter) and mathematical expres-
sions allow obtaining all the other geometrical 
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properties [1]. The Kelvin cell has often been 
used as a typical elementary cell. A flow re-
sistance comparison between Kelvin cells and 
foams has been performed by [24]. The flow 
pattern inside real and ideal foams at various 
Reynolds numbers has been investigated 
[25][26]. It has been demonstrated that regular 
open cells perform better than randomized 
foams [2]. In fact they always show a better 
trade off between mass transfer and pressure 
drop in respect to the equivalent real foams. 
So, regular cell lattices should be not seen only 
as a geometrical model, but as catalytic struc-
tures that outperform foams.  
In the last years, advances in AM techniques 
have provided new possibilities for manufactur-
ing [27][28][29]. Latest improvements have 
even allowed the direct manufacturing of ce-
ramic lattices [30][31][32]. AM comprises sev-
eral processing techniques where parts are 
fabricated by physical or chemical consolida-
tion layer by layer, starting from a CAD file. A 
core concept, intrinsic in these AM techniques 
is the rapid and seamless transition between a 
computer model and the physical realization 
thereof [33].The revolution consists in the new 
approach of components’ design by function 
and no longer by manufacturability [32]. Con-
sidering catalyst applications specifically, de-
sign is performed through an intensive cam-
paign of numerical simulations, while AM 
stereolithography proved to be the most suita-
ble process, allowing the manufacturing of ex-
tremely thin and complex structures with re-
duced flaw size [34]. The shape of 
conventional catalysts is determined to a large 
extent by the manufacturing methods, instead, 
the AM techniques have introduced a signifi-
cant flexibility and a higher freedom in design. 
Big efforts have been spent in using additive 
fabrication tools for structured monoliths for 
improving mass and heat transfer characteris-
tics with a higher geometric surface area [29]. 
In [35], with the support of CFD computations, 
robocasting is performed to create a ceramic 
face-centered-cubic structure with high surface 
to volume ratio able to convert approximately 
six times more methane than extruded mono-
liths. Robocasting is also used to fabricate Ti-
alloy and stainless steel monoliths with well-
controlled contact times [36]. 3D printing has 
also enabled to fabricate complex ceramic 
supports for use in packed beds [37], or reac-
tion vessels and microreactors with integrated 
catalysts [38]. In all cases AM has led to im-
proved performances through more complex 
structures, difficult to be produced by extru-
sion. 
Thus, AM closes the gap between theory and 
experiment, by enabling accurate fabrication of 
a great variety of geometries, optimized 

through computational fluid dynamics and 
evaluated through experiments [29]. 
The present study adopts this new combined 
approach for the design of an open cell poly-
hedral lattice catalyst substrate for automotive 
applications. It identifies the optimal open cell 
polyhedral catalyst lattice in terms of shape 
and dimensions through detailed numerical 
simulations. The performance of the open cell 
lattice structures has been evaluated by the 
mass transfer coefficient, by the pressure loss 
per unit of length and by the dimensionless 
performance index I [3]. 
Based on simulations results, the polyhedral 
ceramic substrates have been manufactured 
with stereolithography, coated in house and 
then tested in a gas reactor. C3H6 oxidation 
has been measured at different gas hourly 
space velocities (ghsvs) as well as light-off be-
haviour. The integral approach that combines 
numerical simulations, AM realization, and ex-
perimental testing, is, to our knowledge so far, 
applied here for the first time for developing 
polyhedral lattice substrates as automotive 
catalyst supports. 
 
2. SIMULATION METHODOLOGY 
 
2.1 Numerical Approach 
3D CFD simulations with the freely available 
software OpenFOAM have been conducted to 
define the optimal polyhedral lattice substrate 
geometry. The model adopted has already 
been validated and described in [1][12]. Differ-
ent configurations have been constructed with 
the 3D CAD softwares Salome and Netfabb. 
No transient conditions have been considered 
and the catalyst is assumed to have reached 
steady state. The catalyst is studied in the 
mass transfer limited regime with infinite fast 
chemistry. This condition was imposed with a 
temperature of 700 K at inlet, clearly higher 
than light off. The goal is to compare several 
substrate configuration performances with an 
acceptable computational effort. A single re-
gion model has been adopted: the mesh rep-
resents the flow region and the boundaries are 
the inlet, the outlet and the catalyst surface. 
Based on the analysis from Lucci et al. [1], no 
conjugate heat transfer has been implemented 
and the heat exchange between flow and solid 
has been modelled by imposing a constant 
T=750K at the catalyst surface. Preliminary 
simulations [1] have shown a difference be-
tween the maximum and the minimum temper-
atures in the solid matrix of less than 3 de-
grees. Thus, since the inclusion of the 
conjugate heat transfer greatly increases the 
computational costs, we decided to neglect it. 
The hydrocarbon chosen for the simulations is 
methane CH4. Homogeneous reactions are 
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neglected, while heterogeneous reactions are 
treated as boundary conditions at the catalyst 
surface, imposing a null concentration for the 
oxidized specie CH4 and a gradient of the oth-
er species corrected on the basis of the reac-
tion stoichiometry: 

𝜕𝑋𝑖

𝜕𝑛
= 𝛼𝑖

𝑀𝑀𝑖

𝑀𝑀𝐶𝐻4

𝜕𝑋𝐶𝐻4

𝜕𝑛
                  (1) 

Where αi is the stoichiometric coefficient of 
specie i (αCH4=1). In order to guarantee the 
mass balance, an inert element, N2, has been 
chosen. Constant transport properties of chem-
ical species have been specified while the 
thermal model was based on constant enthal-
py. Species are assumed to have Schmidt 
number equal to 1, which means that diffusivity 
equals the kinematic viscosity. For saving 
computational time, taking advantage from the 
regularity of the open cell substrate, only a 
fraction of the overall catalyst volume has been 
studied (see Fig. 1). In both the two cross flow 
directions cyclic boundary conditions are ap-
plied [12]. No washcoat was modelled. The 
mesh is built automatically with a background 
mesh and the application “snappyHexMesh” of 
OpenFOAM (see Fig. 2). The mesh has been 
extended both before and after the catalyst po-
sition in order to have uniform flow conditions 
at the catalyst inlet and to avoid boundary con-
ditions problems at outlet. At inlet, the condi-
tions imposed are: fixed temperature, velocity 
and species concentrations. At outlet, the con-
ditions are: ambient pressure and “zero gradi-
ent” for temperature, velocity and species con-
centrations at outlet. A grid of around 5 million 
hexahedral elements allows obtaining a grid 
independent solution.. 
 

 

 

 

 

 

 

 

 

 
 

Fig. 1 Example of flow domain studied for Cu-
bic45 structure (see Section 2.2) in two differ-

ent perspectives (a) and b)). 

 
The grid independence analysis was carried 
out by modifying the background mesh dimen-
sions (reference, coarser, finer).The efficiency 
of each structure has been extracted for differ-
ent inflow velocities (1, 5, 10 and 15 m/s) and 
expressed in terms of mass transfer coefficient 
K, pressure loss per unit of length and perfor-
mance index I 
 

 
 
 
 
 
 
 
 
 

Fig. 2 Entire mesh (a)) and its detail (b)). The 
mesh is obtained with a background mesh and 

the application "snappyHexMesh" in Open-
FOAM. 

 
2.2 Elementary Cells 
Three different elementary cell geometries 
have been chosen as a basis for the simula-
tions, Cubic, Kelvin, and Octet (Fig. 3). The 
cubic elementary cell is introduced in the simu-
lations with two different orientations, parallel 
and rotated by 45° so that one spatial diagonal 
of the cube is aligned to the main gas flow. 
Throughout this paper these elementary cells 
are referred to as Cubic, Cubic45, Kelvin and 
Octet. A systematic geometrical investigation 
has been performed. The main parameters are 
the strut diameter (ds), the strut length (Ls), the 
cell length (Lc), the porosity (ε) and the specific 
surface (Sv). Two of these parameters can be 
set independently leading to the determination 
of the remaining. Analytical expressions have 
been derived for the computation of ε and Sv in 
function of ds and Ls for the different cell ge-
ometries [39]. 

 
Fig. 3: Kelvin, Cubic and Octet used as ele-

mentary cells for simulating catalytic converter 
behaviour. 

 

a) 

b) 

a) 

b) 



5 

 

2.3 Volume Averaged Considerations 
The procedure adopted to compute the mass 
transfer coefficients is explained in [1]. It 
should be reminded that the mass transfer co-
efficient, K, is directly related to the conversion 
η that can be achieved by a catalyst of certain 
dimensions (length L, cross section A, overall 
volume V, specific surface area Sv, and wetted 
surface area Sw), in a gas flow of a certain inlet 
velocity, vin, as shown in Eq. (2). 
 

𝐾 =
−𝑙𝑛 (1 − 𝜂)

𝑆𝑤

𝑄̇𝑖𝑛 =
−𝑙𝑛 (1 − 𝜂)

𝑆𝑣𝑉
𝐴𝑣𝑖𝑛 =

−𝑙𝑛 (1 − 𝜂)

𝑆𝑣𝐿
𝑣𝑖𝑛  (2) 

 
Higher mass transfer may be accompanied by 
higher flow-through resistance. For relating the 
two, the performance index I has been intro-
duced [3] as in Eq. (3). 
 

𝐼 =
−𝑙𝑛 (1 − 𝜂)

𝛥𝑃
𝜌𝑣𝑖𝑛

2 =
𝐾𝑆𝑣𝐿 𝜌𝑣𝑖𝑛

𝛥𝑃
  (3) 

 
3. REALIZATION OF POLYHEDRAL OPEN 
CELL CATALYTIC CONVERTER SAMPLES 
 
3.1 Additive Manufacturing 
Substrate samples have been additive manu-
factured by stereolithography. Details concern-
ing fabrication, microstructural and mechanical 
properties of the samples can be found in [32]. 
Based on initial simulation results, described in 
Section 5.1, two different Cubic45 polyhedral 
structures have been printed in cylindrical 
shapes of dimensions of 12mm in diameter 
and 20mm in length. Fig. 4 shows one of the 
AM Cubic45 3mm samples. The prepared 
samples differ in strut length of 3mm and 4mm 
respectively and thus in cell sizes, porosities 
and specific surfaces. Strut diameter, ds, and 
strut length, Ls, have been measured on the 
realised samples and confirmed by SEM imag-
es (Fig. 5). The major geometrical characteris-
tics of the realised samples are summarized in 
Table 1. For all AM substrates the material 
used has been Al2O3.  
Cell geometry ε [-] ds [mm] Ls=Lc [mm] Sv [m

2
/m

3
] 

Cubic45 3mm 0.90 0.6 3.0 630 

Cubic45 4mm 0.95 0.6 4.0 353 

Table 1: Geometrical characteristics of the re-
alized substrate samples.  

 
AM and material effects on porosity have not 
been considered. No material micro-porosity is 
taken into account since it is not active for the 
catalyst (it is covered by the washcoat). For the 
same reason, the surface corrugation and re-
lated porosity effect of the AM layers having 

some 30-50m of diameter variation is ne-
glected.  

 
Fig. 4: Image of an AM lattice (material Al2O3) 
with Cubic45 elementary cells (gas entrance 
through the top circular cross section), after 

catalytic coating, as used in the model gas re-
actor. 

 
The benchmark for the AM substrates is a 
conventional, extruded 400cpsi cordierite HCs. 
Samples had to be extracted from monoliths of 
larger dimensions. The goal was to have iden-
tical outer dimensions with the AM counter-
parts (i.e. 12mm diameter and 20mm 
length).The length of the samples showed var-

iations for almost 1.5mm due to the uncertain-
ties of the extraction. Finishing of the HC piec-
es aimed at samples comprising identical 
channel number. A comparison of the geomet-
rical data in Tables 1 and 2 underlines the 
substantial difference in specific surface areas; 
the HC has roughly 6 times higher specific sur-
face area in respect to the AM Cubic45 4mm 
lattice. 
 
ε [-] CPSI 

[-] 
Dc 

[mm] 
dc 

[mm] 
rc 

[mm] 
Lc/Dc 

[-] 
Sv 

[m
2
/m

3
] 

0.73 400 1.25 1.125 0.375 30 2480 

Table 2: Geometrical properties of the conven-
tional HC substrate. 

 
3.2 Coating of the substrates 
All substrates have been coated in house by 
dipping the samples. The identical solution, 
consisting of a γ-Al2O3-Pt suspension (also 
prepared in house), has been used for coating 
all substrates. The goal was to apply identical 
type and amount of coating and thus Pt 
amounts on all samples. This implies that, 
considering the different ε of open cell struc-
tures and HCs, with the latter that have larger 
surface, a thicker washcoat layer is present on 
the open cells with respect to HCs. Some vari-
ation among the individual samples is inevita-
ble, especially given the different adhesion 
properties of the materials and geometries and 
has to be accounted for when discussing reac-
tivity results.  
The coating method applied was chosen based 
on [40][41][42], and variations were performed 
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for achieving better results in our laboratory. 
The procedure of coating through dipping con-
sists in dissolving Tetraamineplatinum in water, 
then γ-Al203 is added and the suspension is 
stirred for 24 hours. The goal is homogeneous 
Pt content, around 1.5 weight%. In a next step 
the water is dried and calcination follows at 
500°C in the furnace. The resulting powder is 
milled in order to reduce the agglomerates. 
Subsequently, the powder is dissolved in water 
in order to obtain the slurry. pH value affects 
the quality of the coating [43], thus a pH adjust-
ing additive is used to maintain the pH value 
around 10. The slurry is then ball-milled for 48h 
with ZrO2 balls. Substrates are dipped in the 
slurry thereafter. Excess slurry is blown off. 
The last step consists in drying the coated 
substrates at 600°C. In Table 3 we summarize 
the average values for the characteristics of 
the coating on the substrates in question. 

 
Fig. 5: SEM images: a) AM substrate with evi-
dent AM layers, b) AM substrate with wash-
coat. On the central strut clearly discernible is 
the coating thickness adding ¼ to the strut di-

ameter (=150m). 
 

Substrate Cubic45 
3mm 

Cubic45 
4mm 

HC 

Substrate mass 
[g] 

0.84 0.77 0.76 

Coating mass 
[%] 

35 34 38 

Spec. coating 
[g/lt] 

131 117 128 

Pt [mg] 4.3 3.8 4.5 

Pt [g/lt] 1.93 1.7 1.98 

Pt [g/ft
3
] 54 47 53 

Average coating 

thickness [m] 

75 130 40 

Table 3: Major characteristics of the coated 
substrates, average values of at least 4 sam-

ples. 

Table 3 reveals a general similarity of the re-
sults of the coating procedure on all different 
substrates. The data are typical for coatings of 
state of art automotive catalysts. The thickness 
of the coating on the AM lattice catalysts is 
substantially higher than in the HC. Thus, in 
AM substrates, the inner part of the coating is 
certainly not reached by the gases in the reac-
tions and thus is superfluous. A modified coat-
ing procedure is needed in order to arrive to 
coatings with less thickness on the AM sub-
strates. The high coating thickness was con-
firmed by SEM images as shown in Fig. 5b. 
Taking into account the resulting coated strut 
diameters, the geometrical characteristics of 
the samples are summarized in Table 4. 
 

Cell geometry ε [-] ds [mm] Sv [m
2
/m

3
] 

Cubic45 3mm 0.85 0.75 785 

Cubic45 4mm 0.89 0.86 507 

Table 4: Geometrical characteristics of the 
coated substrate samples.  

 
 
4 EXPERIMENTAL SETUP 
 
Catalytic activity of the different samples, both 
HC and AM polyhedral lattices, has been eval-
uated experimentally in a tube quartz reactor 
(φ=13mm) placed in a furnace (Fig. 6). The 
feeding gas mixture has been set by mass flow 
controllers to be 500ppm C3H6, 8% O2 bal-
anced with N2. The temperature of the oven is 
imposed and the flow is partially preheated up 
to a chosen temperature. The temperature dis-
tributions have been measured by thermocou-
ples, while the chemical conversions have 
been monitored by gas phase FTIR using a Ni-
colet 5700 spectrometer equipped with a gas 
cell. Experiments have been conducted either 
at constant flow rate and increasing oven tem-
perature (temperature profile imposed is a 
ramp from 50°C to 600°C with a heating ramp 
of 10°Cmin

−1
), in order to obtain the light-off 

curves, or at constant temperature but with in-
creasing flow rate for understanding the impact 
of the flow velocity on reaction rates. 
 

 
Fig. 6: Model Gas Reactor. 

a) 

b) 
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5 RESULTS AND DISCUSSION 
 
5.1 Simulation results  
 
5.1.1 Elementary cell variation  
In this section detailed simulation results are 
used for comparing the mass transfer and 
pressure drop characteristics of catalysts con-
sisting of different elementary cells in the mass 
transfer limited regime. Comparisons involve 
cells with identical, high porosity (ε=0.95) and 
rather small strut diameter (considering manu-
facturing feasibility, ds=0.5mm is imposed). 
Thus, the compared elementary cells have 
identical Sv (400m

2
/m

3
) but different Lc. The 

detailed geometrical characteristics computed 
with analytical expressions are reported in Ta-
ble 5. Table 2 shows the corresponding geo-
metrical characteristics for the conventional HC 
substrate. In Fig. 7a displayed are the simulat-
ed mass transfer coefficients over the inflow 
gas velocity for the different elementary cells 
under consideration. The HC is also included 
for a comparison with the current standard cat-
alyst substrate. Computation and results con-
cerning mass transfer in HCs have been taken 
from previous papers [1][2][8]. 
 
 
Cell geometry ε [-] ds 

[mm] 
Ls 

[mm] 
Lc 

[mm] 
Sv 

[m
2
/m

3
] 

Kelvin 0.95 0.5 2.04 5.77 400 

Cubic/Cubic45 0.95 0.5 3.43 3.43 400 

Octet  0.95 0.5 5.77 8.17 400 

Table 5: Geometrical properties of the AM 
structures with ε=0.95 and ds=0.5mm. 

 
Fig. 7a evidences that, due to the increasing 
flow-wall interaction, mass transfer improves 
with increasing gas velocity for each of the ex-
amined cell geometries. Mass transfer in the 
HC, in contrast, has a significantly weaker de-
pendency on velocity (mainly due to the lami-
nar flow inside the channels). All open cell pol-
yhedral structures have clearly higher mass 
transfer coefficients, K, than the HC. Specifi-
cally, Cubic45 has the highest, while Kelvin 
and Octet have almost identical, and Cubic the 
lowest mass transfer coefficient. These better 
mass transfer properties of open cell sub-
strates are related to their more intricate ge-
ometries that increase the contact probability 
of the species with the solid surfaces and the 
mixing. The flow around the struts results in 
boundary layers and separation regions which 
are constantly evolving, leading to enhanced 
transport.  

Taking into account the two polyhedral struc-
tures based on a cubic elementary cell, first, 
the orientation of the structure with respect to 
the flow can lead to gain a factor of 2.3 at 
10m/s (comparison between Cubic and Cu-
bic45). Second, to make a quantitative com-
parison, the mass transfer coefficient of the 
Cubic45 is 4 times higher than the correspond-
ing one of the HC at 10m/s. According to Eq. 
(2), for reaching a certain conversion, η, the K 
coefficient is inversely proportional to the nec-
essary wetted surface Sw (at a fixed gas flow 
rate Qin). This means that, at steady state and 
in similar conditions, Cubic45 (with ε=0.95, 
ds=0.5mm) can achieve the same conversion 
with only 1/4 of the HC wetted surface. Should 
washcoat properties and thicknesses be simi-
lar for each catalytic support, a reduction in 
necessary wetted surface area corresponds to 
an equivalent reduction in required noble met-
als. However, Cubic45 has 1/6 lower specific 
surface area with respect to HC (see Sv in Ta-
bles 2 and 5). By rearranging the Eq. (2) in Eq. 
(4), it is evident that, in similar conditions, Cu-
bic45 will achieve the same conversion rate 
with 3/2 of the volume (larger catalyst). 
 

𝐾𝑆𝑣 =
−𝑙𝑛 (1 − 𝜂)

𝑉
𝐴𝑣𝑖𝑛 =

−𝑙𝑛 (1 − 𝜂)

𝐿
𝑣𝑖𝑛 (4) 

 

These considerations are valid in the mass 
transfer limited regime. Instead, during cold 
start, where the time scale of chemical reac-
tions is crucial, the better heat transfer charac-
teristics of the polyhedral substrates (analo-
gous to the higher mass transfer properties) in 
combination with the higher porosity (lower 
mass) may be able to overcome the deficiency 
of the lower precious metals. In a former work 
[7] comparable cold start emission characteris-
tics of HCs and Kelvin cell structures have 
been estimated, although the latter have sub-
stantially less precious metal amount. 
For each open cell geometry, in the range ex-
amined, the pressure loss increases exponen-
tially with increasing velocity, while HCs are 
characterized by a linear dependence of pres-
sure loss on velocity. Open cell substrates with 
high porosity like 0.95 show a lower pressure 
loss per unit of length with respect to HCs (Fig. 
7b). This is not valid with open cells with lower 
ε, as can be seen in Section 5.1.2. Of interest 
is the ratio as expressed by the performance 
index, I, introduced by Eq. (3) and shown in 
Fig. 7c. The performance index, however, is 
only weakly dependent on velocity for all ge-
ometries examined. Certainly, at low velocities, 
the performance is higher, and thus the imper-
ative is always to operate at the lowest possi-
ble velocities, implying an increase of the inlet 
flow cross section area. On the other hand, for 
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all velocities, the open cell structures are char-
acterized by higher performance indexes in re-
spect to the HC. The Cubic45 (with ε=0.95, 
ds=0.5mm) outperforms all other structures. 
Thus it is the most promising structure for a 
catalyst substrate. 
 

 
Fig. 7: Comparison of different AM elementary 
cell configurations (all with ε=0.95, ds=0.5mm) 
and the HC in terms of mass transfer coeffi-
cients, K (a), pressure drop per unit of length 

(b), and performance indexes, I (c). 
 
The parameter K is best suited for comparing 
different substrates geometries due to its in-
verse proportion with Sw. A non dimensional 
comparison between the different substrates 
described in Table 5 and HC is shown in Fig. 
8. In Fig. 8 the Sherwood number (Sh) com-
puted from the simulations is plotted in function 

of Re. The Cubic45 elementary cell has the 
highest Sh number, while the Sh number as-
sociated with the Octet elementary cell are 
lower. The Cubic elementary cell results to the 
lowest Sh number. The Computation and re-
sults concerning HCs have been taken from 
previous papers [1][2][8]. Correlations concern-
ing the asymptotic behaviour of HC at low Re 
are confirmed [44]. Note that for Sh and Re 
numbers of AM structures, for the characteris-
tic length, we use ds. HC correlations use Dc. 
Thus a direct comparison is not straightfor-
ward. The Sh numbers of HC, however, are 
higher in the low velocity domain in respect to 
the Sh number of the AM substrates. At higher 
velocity, the tendency is reverse. 

 
Fig. 8: Sherwood number versus Reynolds 

number for different AM elementary cell con-
figurations (all with ε=0.95, ds=0.5mm) and the 
HC. The characteristic length for Sh and Re of 

the AM elementary cell configurations is ds, 
while for HC is Dc. 

 
5.1.2 Porosity variation 
The very high porosity used in the compari-
sons of the former section showed clear per-
formance index advantages but led to relatively 
high catalyst dimensions (required to obtain a 
certain conversion) because of the low specific 
surface area. The latter can be increased by 
decreasing the porosity. In this section CFD 
results of Cubic45 and Kelvin elementary cell 
geometries are compared (the strut diameter is 
constant and equal to the one chosen in the 
former section, ds=0.5mm) at different porosi-
ties (ε =[0.8, 0.85, 0.9, 0.95]). The detailed ge-
ometrical dimensions of the catalysts in com-
parison are reported in Table 6. The lower 
porosities result in more dense structures with 
higher specific surface areas Sv.  
In Fig. 9a the mass transfer coefficients over 
the inflow velocity are plotted. Cubic45 is cho-
sen because it represents the most promising 
elementary cell geometry according to Figs. 7a 
and 7c. The Kelvin cell is chosen because it 
does not lack significantly in performances and 
it is already an item of different studies as a 

a) 

b) 

c) 
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good idealization of real foams 
[1][2][7][20][21][24][25]. 
It is clear that the K coefficient decreases with 
increasing porosity. For instance, considering 
Cubic45 at 10m/s, the K coefficient increases 
by a factor of 1.28 with decreasing porosity 
from ε=0.95 to ε=0.8. This implies that, in simi-
lar conditions, Cubic45 with lower porosity can 
achieve the same conversion rate with only 
0.78 (1/1.28) of the Sw and noble metals re-
quired by the same geometry at higher porosi-
ty. Cubic45 with ε=0.8 has 4 times the specific 
surface of Cubic45 with ε=0.95, as can be 
seen in Table 6. It is evident that, in similar 
conditions, Cubic45 with ε=0.8 can achieve the 
same conversion rate with 5.1 (=1.28*4) times 
less volume than Cubic45 with ε=0.95. Con-
sidering constant inlet cross section, this 
means 5.1 times reduced catalyst length. 
Comparing the two different open cell geome-
tries, Cubic45 confirms its superiority in re-
spect to Kelvin at each porosity. 
 

Cell type ε [-] ds [mm] Ls 
[mm] 

Lc 
[mm] 

Sv 
[m

2
/m

3
] 

Kelvin 0.8 0.5 1.02 2.88 1600 

Cubic45 0.8 0.5 1.72 1.72 1600 

Kelvin 0.85 0.5 1.18 3.33 1200 

Cubic45 0.85 0.5 1.98 1.98 1200 

Kelvin 0.9 0.5 1.44 4.08 800 

Cubic45 0.9 0.5 2.43 2.43 800 

Kelvin 0.95 0.5 2.04 5.77 400 

Cubic45 0.95 0.5 3.43 3.43 400 

Table 6: Geometrical properties of AM struc-
tures based on the Kelvin and Cubic elemen-

tary cell with ds=0.5mm 
The implications with AM structures having 
lower porosity in respect to the conventional 
HCs are of particular interest. Based on the 
analysis above, it is clear that the Cubic45 cell 
with the low porosity, ε =0.8, can achieve the 
conversion of a HC catalyst with significantly 
lower wetted surface (5 times lower at gas ve-
locity of 10m/s) and thus also with significantly 
lower precious metals (approx. also 5 times 
lower at 10m/s) as well as with a lower overall 
volume (approx. 3 times lower). 
On the other hand, though, the pressure drop 
is expected to increase with decreasing porosi-
ty. The performance index, I, for the same set 
of cell geometries is reported in Fig. 9b in func-
tion of the inflow velocity. It is clear that porosi-
ty must be maximized in order to obtain the 

highest I values. For instance, the I perfor-
mance index for Cubic45 at 10m/s increases 
1.5 times from ε=0.8 to ε=0.95. The figure also 
confirms the outperformance of Cubic45 with 
respect to Kelvin at every porosity. Thus, on 
the whole, Cubic45 with maximum porosity is 
the most promising structure for a catalyst 
substrate. Comparing Figs. 7c and 9b, it is evi-
dent that the performance index for the Cu-
bic45 with a porosity of ε=0.8 lies slightly below 
the corresponding one of the HC. As long as 
we are interested in structures that allow to 
outperform with respect to the benchmark of 
HC, examining lower porosities for the open 
cell structures was not considered of im-
portance.  
 

 
Fig. 9: Comparison of Kelvin and Cubic45 ele-
mentary cell configurations (all with ds=0.5mm) 

in terms of mass transfer coefficients, K (a), 
and performance indexes, I (b). 

 
5.1.3 Strut diameter variation 
Manufacturing of polyhedral catalyst substrates 
with SLA directly, using ceramic materials, as 
cordierite, is possible, as shown in this study. 
Upscaling the method for real vehicle size 
catalysts and for large numbers is, at least for 
the moment, very time consuming. A feasible 
way to overcome this problem maybe the use 
of hybrid techniques. Currently, an option to 
produce ceramic substrates therefore could be 
the additive manufacturing of an organic scaf-

a) 

b) 
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fold which then will be used as a basis for the 
well-established replica method in order to ar-
rive to ceramic substrates. Such a method will 
lead to larger strut diameters in respect to the 
smallest achievable through direct SLA with 
the ceramic material. Therefore, a series of 
simulations has been performed in order to 
analyze the effects of larger strut diameters. 
The strut diameter affects the porosity as well 
as the specific surface of a substrate. The po-
rosity, ε, is a function of the ratio ds/Lc, while Sv 
is a function of the ratio ds/Lc as well as of Lc. 
Should double strut diameters (1mm instead of 
the 0.5mm assumed up to now) be the result of 
the manufacturing process, then double strut 
and cell lengths are required for keeping con-
stant the porosity. This, in turn, reduces the 
specific surface to the half. A series of detailed 
simulations has been performed for analysing 
the mass transfer and pressure drop character-
istics of structures consisting of Cubic45 ele-
mentary cells with two different strut diameters 
(0.5mm and 1mm) at different porosities. Table 
7 summarizes the geometrical characteristics 
of the compared substrates.  
 

Cell geometry ε [-] ds 
[mm] 

Ls=Lc 

[mm] 
Sv 

[m
2
/m

3
] 

Cubic45 0.8 0.5 1.72 1600 

Cubic45 0.8 1 3.43 800 

Cubic45 0.85 0.5 1.98 1200 

Cubic45 0.85 1 3.96 600 

Cubic45 0.9 0.5 2.43 800 

Cubic45 0.9 1 4.85 400 

Cubic45 0.95 0.5 3.43 400 

Cubic45 0.95 1 6.86 200 

Table 7: Geometrical properties of AM struc-
tures based on the Cubic45 elementary cell. 

 
The mass transfer coefficients of catalysts 
consisting of Cubic45 elementary cells and dif-
ferent geometrical characteristics are shown in 
Fig. 10a. Clearly, with increasing strut diame-
ter, the mass transfer coefficients decrease, for 
all examined porosities. For instance, at 10m/s 
and ε=0.85, the K coefficient with ds=0.5mm is 
1.47 times the K with ds=1mm. In addition, de-
creasing porosity leads to higher mass transfer 
coefficients, a trend already seen in Fig. 9a 
and here confirmed for different ds.  
For the same set of configurations, the perfor-
mance index I is plotted in Fig. 10b. The poros-
ity affects I more strongly than the strut diame-

ter. Thus, the highest performance indices are 
associated with the substrates having the 
highest porosities. The strut diameter has 
clearly a smaller influence.  

 

 
Fig. 10: Comparison of mass transfer coeffi-

cients, K, of Cubic45 elementary cell configura-
tions and different geometrical characteristics 
in terms of mass transfer coefficients, K (a), 

and performance indexes, I (b). 
 
Table 8 summarizes the characteristics of se-
lected polyhedral catalysts in relation to the 
ones of the HC benchmark for achieving an 
identical conversion at gas flow velocity vin of 
10m/s. The high porosity and high strut diame-
ter case (ε=0.95 and ds=1.0mm) results in 2.8 
times higher mass transfer in respect to the 
HC, requiring 2.8 times less wetted surface 
(and as long as reactions are mass transfer 
limited, less precious metals) for achieving 
identical conversion. This substrate, however, 
has 12 times less specific surface area. Thus, 
for achieving the same conversion, a 4.3 times 
higher catalyst volume is required. This addi-
tional length leads to pressure drop increase. 
This is though not detrimental since the per-
formance index is around 1.4 times the con-
ventional HC. In contrast, the substrate with 
lower porosity and the lowest strut diameter 
(ε=0.85 and ds=0.5 mm) can reach the identi-
cal conversion with even smaller volume in re-

a) 

b) 
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spect to the HC (0.4 times). The high reactivity 
resulting from the higher strut density and flow-
solid interactions results in higher pressure 
drop. Thus, the performance index advantage 
in respect to the HC is lower with respect to 
Cubi45 with higher porosity.  
 

Cubic45/HC K (~1/Sw) Sv  V I  

ε=0.95, ds=1mm 2.8 1/12 4.3 1.4 

ε=0.85, ds=1mm 3.5 1/4 1.2 1.0 

ε=0.95, ds=0.5mm 4.1 1/6 1.5 1.6 

ε=0.85, ds=0.5mm 5.1 1/2 0.4 1.2 

Table 8: Characteristic mass transfer, catalyst 
dimensions and performance index relations of 
selected AM polyhedral lattice catalysts in re-
spect to the HC benchmark for identical pollu-
tant conversion and vin=10m/s.  
 
5.1.4 Effects of washcoat on geometry 
The effects of washcoat on the AM samples 
described in Section 3.1 are here considered. 
The presence of washcoat on substrates intro-
duces an extra diffusion resistance and affects 

the geometrical parameters (ds increases, ε 

decreases). In this section, only the geomet-
rical variations are discussed in terms of mass 
transfer coefficient K and performance index I 
(Fig. 11). Washcoat diffusion effects have been 
studied in [45]. The original dimensions are in 
Table 1, while the resulting ones are in Table 

4. The two substrates have a similar ε varia-

tion, while ds increases more on Cubic45 with 
ds=4mm. The results are obtained through 
simulations of substrates with identical dimen-
sions of the AM samples.  
Increasing ε decreases K (see Fig. 9), and in-
creasing ds (see Fig. 10) decreases K, thus the 
two effects due to washcoat level off (in terms 
of K). This is evident in Fig. 8a for Cubic45 with 
ds=3mm. Even Cubic45 with ds=4mm does not 
have a dramatic decrease of K. More relevant 
variations are in Fig. 8b. For instance, the I in-
dex of Cubic45 with ds=3mm decreases of a 
factor of 1.18 at vel=10m/s due to washcoat, 
while of Cubic45 with ds=4mm decreases of a 
factor of 1.26. 

 
Fig. 11: Study of the geometrical effects of 

washcoat on AM substrates in terms of mass 
transfer coefficients, K (a), and performance 

indexes, I (b). 
 

5.2 Experimental Model Gas Reactor Re-
sults 
In the model gas reactor the oxidation of C3H6 
has been quantified for a number of different 
manufactured and coated AM polyhedral sub-
strates and their corresponding HC counter-
parts. Based on this conversion the corre-
sponding mass transfer coefficients K have 
been computed assuming mass transfer limita-

tion (assumption justified at T>400C). 
AM polyhedral substrates and HCs have been 
coated by the identical slurries always in one 
batch. However, two different variabilities have 
to be taken into account: 1) the honeycomb 
samples extracted from larger pieces had, as 
already discussed under section 3.1, some 

8% variability in length; 2) AM samples had 

well defined dimensions but some 12% varia-
bility in the coating mass that was permanently 
attached to the samples. Therefore, plotted are 
the mass transfer coefficients over the Pt 
amount of each sample (Fig.12). From Fig. 12 
it is evident that the resulting mass transfer co-
efficients are not dependent on the Pt amount 
(at least for the AM polyhedral substrates). It is 
also clear, that the AM polyhedral cells have 
mass transfer coefficients being more than 

b) 

a) 
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double as high as the HC. This is good confir-
mation of the simulation results (Fig. 7) which 
predict more than double mass transfer of the 
AM structures in respect to the HCs in this ve-
locity domain. 
The available model gas reactor did not allow 
measurements with higher gas velocities, i.e. 
higher ghsvs. At higher gas velocities the ad-
vantages of the AM substrates are expected to 
be substantially higher. The gas velocities, vin, 
corresponding to the ghsvs tested, are 0.33m/s 
and 0.66m/s in Figs. 12a and 12b respectively.  
 

 
Fig. 12: Mass transfer coefficients computed 

from the conversion measurements in the 
model gas reactor for two different ghsvs ( a) 

60000 h
-1

,vin=0.33m/s, and b) 120000 h
-1, 

vin=0.66m/s) 
 
These velocities are among the lowest used in 
the simulations (compare Fig. 7) and corre-
spond to the lowest gas velocities in automo-
tive catalyst applications. The mass transfer 
coefficients predicted by the simulations have 
been 4 times higher for the AM as well as for 
HC structures. Most probably this is a conse-
quence of the restricted reactor and probe di-
mensions (comprising only 3-4 cells for the AM 
substrates and 9 channels for the HC) where 
boundary effects are over-pronounced as well 
as of the washcoat diffusion resistance, ne-
glected in the simulations, but expected to be 
significant especially in the AM structures. Pre-
vious work has shown that the washcoat diffu-
sion resistance has increasing impact when 
the substrate mass transfer resistance de-

creases (as is the case with the AM sub-
strates) [39]. 
The results in terms of the achieved C3H6 con-
version are displayed in Fig. 13. The conver-
sion reached by the additive manufactured 
substrates seems to be independent of their Pt 
loading, as expected in the mass transfer lim-
ited domain.  

 
Fig. 13: C3H6 oxidation performance of the dif-
ferent substrates measured in the model gas 

reactor.  
 

The achieved conversion by the HCs showed a 
higher sensitivity to the Pt amount due to the 
variation in the length of the extracted HC 
pieces. On the other hand, the conversions 
achieved by the HCs and the Cube45 3mm are 
very similar, while the conversions achieved by 
the Cube45 4mm are clearly lower. It has, 
though, to be kept in mind, that the Cube45 
3mm and the Cube45 4mm achieved these 
conversions with respectively 4 and 7 times 
smaller surface area. 
The conversion characteristics of three of 
these substrates at different temperatures are 
shown in the light-off curves in Fig. 14. The 
conversion at low temperatures is very similar 
for all. Small differences in the conversion 
slope after 130°C are not clearly discernible 
and are better visualized in Fig. 15. At higher 
temperatures, approaching the mass transfer 
limited domain, the lower surface area of the 
AM substrates is the limiting factor. Above 
300°C, however, the differences among the 
two HCs and the Cube45 3mm substrate are 
very small. 
In Fig. 15 displayed are the evaluated light-off 
temperatures (temperature for reaching 50% 
conversion) of all substrates in the model gas 
reactor in relation to Pt contents. It is clear to 
be seen that the light-off temperatures de-
crease with increasing Pt content. [39] have 
shown that at lower temperatures the slow 
chemical kinetics result in shifting the reaction 
area in deeper washcoat layers, thus more of 
the washcoat and more of the precious metals 
can be utilized. It is also clear that the Cubic45 
3mm substrates behave exactly as the HCs 
although they have 4 times lower surface area, 
evidencing the far better heat transfer charac-

a) 

b) 
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teristics. In addition, the Cubic45 4mm sub-

strates lead to 20C lower light-off tempera-
tures (in spite the 7 times lower surface area). 
This has to be a consequence of the better 
heat transfer characteristics as well as of the 
lower mass of these substrates. 

 
Fig 14: Light-off curves of four substrates at 

ghsv=60’000[h
-1

] 
 

 
Fig. 15: Measured light-off temperatures of all 

examined substrates at ghsv=120’000[h
-1

]. 
 

5.3 Characteristics of the Sherwood Num-
ber 
A proposed way to analyse the external flow 
around objects is based on the selection of a 
characteristic length [46]. Several lengths have 
been proposed in the literature, posing difficul-
ties for adequate comparisons for the flow 
through foams or packed beads. In [47] a 
comprehensive list of the used characteristic 
lengths has been presented together with the 
impact of the choice in the mass transfer laws. 
The choice of the characteristic length, in addi-
tion, has a strong impact in the definition of Re-
number regimes characteristic for laminar, 
transition and turbulent flow patterns. In the 
present work the strut diameter ds was chosen 
as the characteristic length scale for the poly-
hedral lattices presented. Fig. 16 shows the 
dimensionless mass transfer coefficient, the 
Sherwood number, plotted over the Reynolds 
number, for the cases examined in Fig. 10. Fig. 
16 clearly shows that the Sherwood number is 
almost independent of the strut diameter. This 

is a confirmation that the strut diameter may be 
an appropriate choice for the characteristic 
length. The question of the characteristic 
length can only be exhaustively answered by 
studying the flow patterns in detail, but this is 
beyond the scope of the present work.  
Furthermore, in Fig. 16 an almost linear rela-
tionship between ln(Sh) and ln(Re) is evident. 
The slope is approx. 0.5 and thus the associ-
ated Sherwood law has to be an expression 
according to [47]: 

𝑆ℎ = 𝐶 𝑅𝑒0.5𝑆𝑐
1
3      (5) 

 

[3] proposed an exponent of 0.43 for the metal-
lic foams examined. When dealing with flows 
across a bundle of tubes, [46] proposed an ex-
ponent of 0.4 for the laminar flow and 0.8 for 
the turbulent regime. Thus, the exponent pro-
posed here shows that the regime 3<Reds<80 
dealt with in the present work is somewhere in 
the early transition regime. In addition, in Fig 
16 there is a clear reciprocal dependency of 
the Sh on the porosity. So the expression in 
equation (5) has to be augmented in order to 
take this into account. 
 

 
Fig. 16: Simulation and Experimental Sher-

wood numbers versus Reynolds numbers for 
Cubic45 substrates with different ε and ds 

(characteristic length for Sh and Re). 
 
The dimensionless analysis allows a compari-
son between simulation and measurement re-
sults. In fact, the differences between simula-
tions and measurements are such that other 
direct comparisons are less reasonable. The 
gas velocity domain simulated is substantially 
wider. The hydrocarbon assumed in simula-
tions was methane while the hydrocarbon in 
the experiments was propane, the former hav-
ing almost a double as high diffusion coeffi-
cient in respect to the latter. Thus, measured 
results of 3D Cubic45 samples were added. 
The measured mass transfer values are lower 
than the values coming from simulations. This 
is most probably due to the very limited dimen-
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sions available (the outer diameter of 12 mm 
comprises around 3-4 cells), as well as to the 
diffusion resistance through the washcoat (not 
considered in the simulations). 
 
6. Conclusions 
In this study, a comprehensive investigation of 
the properties of Additive Manufactured (AM) 
open cell polyhedral lattices has been per-
formed with detailed numerical simulations, by 
systematic variation of the geometrical charac-
teristics. The performance of the open cell 
structures was evaluated by the mass transfer 
coefficient, by the pressure loss per unit of 
length and by the dimensionless performance 
index I. Based on the simulation results, sam-
ples have been manufactured by stereolithog-
raphy and coated with Pt/Al2O3. The reactivity 
of the samples has been assessed in a model 
gas reactor.  
Simulations and experiments agree that mass 
transfer in flows through Additive Manufactured 
(AM) polyhedral structures increases substan-
tially with increasing gas velocity and is several 
times higher in respect to the mass transfer 
through conventional HCs. Thus AM polyhe-
dral structures require proportionally less gas 
wetted surface and accordingly less precious 
metals for achieving a target pollutant conver-
sion (at high gas temperatures, where chemi-
cal reactions are mass transfer limited). For all 
AM structures examined, the following results 
can be summarized: 

 Mass transfer increases with decreas-
ing porosity. 

 Pressure drop increases with decreas-
ing porosity.  

 Lower porosities had always the lower 
performance index. 

 Lower porosities involve not only high-
er mass transfer, but also higher spe-
cific surface areas, thus requiring 
smaller overall catalyst volumes for a 
targeted conversion. 

 Increasing strut diameters results in 
deterioration of the mass transfer, 
pressure drop, performance index and 
specific surface area. 

 Among the examined elementary cell 
configurations, the Cubic45 cells ex-
posed the best conversion to pressure 
loss ratio. 

 At gas velocities of 10m/s, simulations 
show that Cubic45 cells with high po-

rosity (=0.95) have 4 times higher 
mass transfer in respect to a standard 
HC. For achieving a target conversion 
this implies a fourth of the wetted sur-

face and also a fourth of the precious 
metals, with about the half of the pres-
sure drop. On the other hand the over-
all volume of the Cubic45 AM structure 
has to be 1.5 times higher than the 
HC, given the 6 times lower specific 
surface area. 

The dimensionless mass transfer, as ex-
pressed by the Sherwood number (Sh) proved 
to be independent from the strut diameter, 
providing, at least partly, a justification for its 
selection as a characteristic length. Further-
more 

 a linear dependency of the logarithm of 
the Sherwood from the logarithm of the 
Reynolds number has been deter-
mined. 

 the slope of 0.5 of this dependency 
shows that the Re regime examined 
(3<re<80) lies in the early transition 
regime. 

 a reciprocal dependency of the Sh 
number from the porosity was as-
sessed. 

Measured reactivities of first AM samples in a 
model gas reactor confirmed simulation results 
and revealed:  

 Mass transfer of the AM structures is 
more than double as high as for HCs 
(in the lowest gas velocity domain) as 
also predicted by the simulations. 

 Mass transfer and reactivities of the 
AM structures are independent on the 
Pt amount in the coating (at least in 
the variation domain of this study). 

Achieving optimal results with the AM manu-
factured substrates requires careful matching 
of the coating, the chosen porosity and dimen-
sions in order to reap a substantial potential for 
higher conversion, better light-off temperature 
with lower precious metals in the coating and 
lower flow through resistance. 
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