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In the following, a detailed explanation of the calculations of textural and geometrical properties of the OCF and the

characteristic length scales for transverse diffusion is reported.

S.1. Estimation of the textural and geometrical properties of the OCF

The volume of the OCF was calculated as:

Vocr = ”'df” Locr Al
where V,p is the volume of the OCF (m3), d 5 is the diameter of the OCF (dpcr = 9 + 1073 m) and Ly is the length
of the OCF (Locr = 30 - 1073 m).

The face diameter of the OCF was determined by [1]:

dr =dp +ts A2
where dg is the face diameter of the OCF (m), d,, is the average pore diameter of the OCF (measured by SEM : Zir-OCF
=1.30 £ 0.73 mm; Alu-OCF = 1.34 + 0.55 mm and SiC-OCF = 1.63 + 0.65 mm) and ¢, is the average strut
thickness of the OCF (measured by SEM: Zir-OCF = 0.47 £ 0.16 mm; Alu-OCF = 0.34 + 0.10 mm and SiC-OCF
=0.42 £0.16 mm) [2]

The foam relative density of the OCF was calculated by:

p, =2.59- (;—;)2 A3

where t, is the average strut thickness of the OCF and d is the face diameter of the OCF (m).



The voidage of the OCF was determined as:
e=1-— Pr A4
where ¢ is the voidage of the OCF (-).

The geometrical surface area of the OCF was calculated as:

4.82
Sga = o, VPr A5

where S, is the geometrical surface area of the OCF (m™).

The surface area of the OCF was determined by:

Sa = Vocr * Sga A6
where S, is the surface area of the OCF (m?).

The catalyst loading was calculated as:

_ Mcat
Cloaa = "= AT

where C,,,4 is the catalyst loading on the OCF (g m2) and m,; is the catalyst mass deposited on the OCF (g).

The catalyst thickness on the OCF was calculated as:

§ = Cload A8

Pcat

where & is the catalyst thickness on the OCF (m) and p.. is the catalyst density (pgqe =2-10°g-

m3 for 3wt.% Pd/Co30,).

S.2. Estimation of the characteristic length scale for transverse diffusion
S.2.1 Characteristic length scale for the gas phase
The characteristic length scale for the gas phase (Rgq) is defined as the ratio of the flow area (4q.) to the gas-coated
layer interfacial perimeter (Pg).
Assuming that the Pd/Co304 catalyst is uniformly distributed inside the pores of the OCF and considering that the shape

of both the pore and the catalytic layer is circular (Fig. S3.1 Case A.), the Rq (M) was determined as [3-5]:

c
Rﬂ,e = A}?C:e A9
Q
A2
o= ke A10
PS=m-d, All

where A . is the cross-sectional area of fluid phase for circular shape of the pore and catalyst layer (m?), dpc is the
catalyst-coated pore diameter of the OCF (where dpc(m) = 2 R;), P§ is the gas-coated catalyst layer circular interfacial

perimeter (m).



Similarly, assuming oval shape of the pore and catalyst coated layer (Fig. S3.2 Case B.), the Rq (M) was determined

considering the properties of an oval as:

Rge = e A12
) PQ

A?l,e =T1" af " bf A13
0% af2+bf2

PQ’ =27 f;forbf<3-af A.l14

PO =1 [3 . (af + bf) _\/(3 “a; + b)) (a; +3° bf)J A.15

where A9 . is the cross-sectional area of fluid phase for oval shape of the pore and catalyst layer (m?), a, is the semi-
minor axe of the oval coated pore (m), by is the semi-major axe of the oval coated pore (m), P,”* (m) is the gas-coated
catalyst layer oval interfacial perimeter (Eq. A.14 valid when by < 3 - a;), Py (m) is the gas-coated catalyst layer oval
interfacial perimeter derived by Ramanujan.

To study the general situation in which the catalyst is deposited preferentially in some areas of the pore, accumulating a
thicker layer of catalyst (8,,4.), While in other zones of the pore only a thin catalytic layer is deposited (8,,:), We consider
the case of an OCF with oval pore shape where the catalyst is deposited inside the inner wall of the pore with a circular

shape of catalytic layer (Fig. S3.3 Case C.). Thus, the R . (M) was calculated as:

Rge = 28e A.16
Pg
A2
oc, = ke df“ A7
oc _ ..
P =m-dy A18

where Af, is the cross-sectional area of fluid phase for circular shape of the catalyst layer (m?), d,, . 18 the catalyst-coated
pore diameter of the OCF (m), PS¢ (m) is the gas-coated catalyst layer circular interfacial perimeter (considering oval
bare pore of OCF and circular coated layer shape).

S.2.2 Characteristic length scale for the coated layer
The characteristic length scale for the catalyst layer (Rq ;) is defined as the ratio of coated catalyst layer cross-sectional
area (Aq,) to the interfacial perimeter (Pg).

For the case A (pore and coated catalyst layer with circular shape), the Rq; (m) was determined as [3-5]:

Rﬂ,i = h Alg

[
Pg
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where Ag; is the cross-sectional area of the coated catalyst layer for circular shape of the bare pore and coated catalyst

(m?), de (m) is the pore diameter of the bare OCF (where dpb =2"Ry).

For the case B (oval shape of the pore and coated catalyst layer), the Rq; (m) was determined as:

Ro; = Ap‘y A21
?l,i =mn: (ap,m ' bp,m — G5 bf) A.22

where AP ; is the cross-sectional area of the coated catalyst layer for oval shape of the bare pore and coated catalyst
(m?), a, n, is the average of semi-minor axe of the oval bare pore (m), b,, ,, is the average of semi-major axe of the oval
coated pore (m), P§ (m) is the gas-coated catalyst layer oval interfacial perimeter (calculated using Equation A.14 or
A.15)

For the case C (oval pore shape and circular shape of the coated catalyst layer), the Rq; (M) was calculated as:

oc
_ 4aji

Ra;i = 2ec A.23
o2
g, = Db A24

where Ag); is the cross-sectional area of the coated catalyst layer for oval shape of the bare pore and circular shape of the

coated catalyst layer (m?), dpoc (m) is the catalyst-coated pore diameter (where d,[,oC =2 Ry).

S.3. FESEM images

Fig. S3.1 SEM micrographs of Zir-OCF with 30 ppi considering case A: Circular shape of the pore and coated catalyst

layer.



Fig. S3.2 SEM micrographs of Zir-OCF with 30 ppi considering case B: Oval shape of the pore and coated catalyst

layer.

Fig. S3.3 SEM micrographs of Zir-OCF with 30 ppi considering case C: Oval shape of the pore and circular shape of

the coated catalyst layer.

S.4. Diffusion and kinetic resistances of the cases A, B, and C.
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Fig. S4.1 Resistances ratio (A) and resistances (A*) as a function of temperature for the case A: Circular shape of the

pore and coated catalyst layer.
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Fig. S4.2 Resistances ratio (B) and resistances (B*) as a function of temperature for the case B: Oval shape of the pore

and coated catalyst layer.
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Fig. S4.3 Resistances ratio (C) and resistances (C*) as a function of temperature for the case C: Oval shape of the pore

and circular shape of the coated catalyst layer.



S.4 Comparison of the effects of external and internal heat transfer of the cases A, B and C.
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Fig. S.4.1 Criteria for evaluating the effects of external heat transfer (A) and internal heat transfer (B) for the case A, B

and C.
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