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S.1. SEM images

Det WD p————q 20 | e Spot 1 Det WD
SE 17.0 F20 ‘ 0 0

e
f——— 20 pm

5,
i

pot Magn Det WD p——— 20 um sy . Spot Magn WD b———4 20 pm
3.0 1500x SE 17.0 F3 . <V 3.0 1500x 1 >-F30

» e V' pe Pay < .-,‘ &
Spot Magn Det WD p——— 20 pym s
20.0kV 3.0 1500x SE 17.0 F40 17.0 C-F40

Figure S1. SEM micrographs of bare (a, ¢, ) and Rh/CeO:-coated (b, d, f) OCFs: F20 (a, b), F30 (¢, d)
and F40 (e, f) structures (inset: images of the macroscopic bare OFCs).

An irregular porous surface was evidenced in SEM images of bare OCFs (Figure S.1 a, ¢, €)
while a reduction of the macro-porosity of the alumina surface was revealed after depositing the
catalytic layer (Figure S1b, d, f).
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S.2. XRD measurements
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Figure S2. XRD pattern of Rh/CeO: as a powder, bare and Rh/CeO:-coated F30 (included also
reference peaks of CeOz: JPDS 4-593 and reference peaks of Al20s: JPDS 10-0173).

Figure S2 shows X-ray diffraction patterns of bare and Rh/CeOz-coated 30 ppi OCF, and
Rh/CeQ: in powder form. In the Rh/CeO: powder, the diffraction peaks can be assigned to the
crystal planes of face-centered cubic CeO: (JCPDS 4-593) with typical diffraction peaks at 28.55°
(111), 33.08° (200), 47.50° (220), 56.33° (311), 59.26° (222), and 69.41° (400) [1]. No diffraction peaks of
Rh oxides were detected, due to the low loading and high dispersion of the noble metal [2]. The
analysis of the diffraction pattern of bare 30 ppi OCF allowed the identification of a-Al20s phase
(JCPDS 10-0173), with peaks located at 25.59° (012), 35.16° (104) 37.81° (110), 43.38° (113) 52.58° (024),
57.52° (116), 66.57° (214) and 68.27° (306) [3,4]. As expected, both cubic CeO: fluorite type and
a-AlOs phase were identified after depositing the Rh/CeO: catalytic layer on the 30 ppi OCF [5]. The
average crystallite size, calculated by the Scherrer equation from the main CeO:z (111) reflection, was
found to be 14.8 nm for Rh/CeO: powder catalyst and 11.2 nm for Rh/CeO: deposited on the foam.
Almost equal results (not shown) were obtained for F20 and F40 structured catalysts.

S.3. Mass and heat transport limitations

In the following, a detailed explanation of fluid properties determination, characteristic time
analysis and dimensionless numbers calculation is provided.
Gas, gas-solid and solid properties

Molecular weight (Muwix), density (pmix) and, viscosity (umix) of gas mixture were calculated as:

n

My = Z yi M; (S1)
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where gas viscosity of a single component (p:) was calculated from a corresponding state method [6].
For CHs4, CO2, CO, and N it was calculated by Equation S4, using the tabulated values of T
and P [7].

0.625
64.008 - 107> (4.5Tl - 1.67)

l,[. = ci (54)
l 0.176 T./° M /> p 23
CH: CO: coO N2
T.i (K) 190.7 304.1 133.0 126.2
Pc;i (kPa) 46.4 73.7 35.0 33.9
For Hz and H:O it was calculated by Equations 55 and 56, respectively.

py, = 326.55-107° (0.1375 T — 1.167)%625 (S5)
Un,0 = 1170.828 - 107°(0.011662 T — 0.551) (56)

Diffusivity of CHs in gas phase (D¢y,) was calculated from the binary diffusion of CHs and i gas
species (D¢, ;) by:

D. = 1—-ycn,
CHy = 3, Vi (57)
i=Li#CHy Doy~

where D¢y, _; was determined by Fuller equation (Equation S8) [8], using tabulated values of vi

[7].

10—3 T1.75 ( + _)
D L MCH4_ M; (S8)
CHy—t P (v1/3 4 v1/3)2
101.325 \"CH, i
CHa4 CO: co N: H: H-0
vi (cm3-mol-) 24.4 26.9 18.9 17.9 71 12.7
Mass transfer coefficient of CHas (kc) was determined from the Sherwood number (Sh) by:
Sh D¢y,
¢= 7 (S9)
dp,c

Sh was calculated from Reynold (Re) and Schmidt (Sc) numbers by Equations S10, S11 and S12
[9-12].

d 0.58
Sh = 1.00 Re%47 §c033 fie 0.44
e <0.001m ¢

Re = dp,c U Pmix
Hmix
Sc = Umix

Pmix D CH,

(S10)
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where the average coated face diameter (dsc) and the average coated pore diameter (dy.c) were
determined according to Equations S13 and S14, respectively:

df,C = df + 2 6C

dpe = dp — 26,

while the inlet gas velocity (1) at standard temperature (Ts) and pressure (Ps) was calculated
from Equation S15:

F, T P . 2
u=-— — — with 0FA=;qb
OFAe Ts Ps 4

Effective diffusivity of CHs in coated layer (D¢y, ) was calculated from the Knudsen diffusion
(Dx) by the Equation [13-15]:
. L& (L 1 -
CHye ™ T DCH4_ Dk

where ¢ is the coated layer porosity (g, = p. PVg;y = 0.12) [16], T is the tortuosity factor (r =
1 — Ine, = 3.12) [17] and D was determined by equation 517 [18]:

-1/2
Dy =9.7-107° 1, ( )

Average values of specific surface area (SAscr= 24 m?-g-') and pore volume (PVgu= 0.06 cm?-g")
were determined from Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) analytic
methods for N2 adsorption-desorption isotherms of the structured catalysts. Pore radius (1, = 50 A)
was given by 2PVen/SAser equation.

The thermal conductivity of the gas mixture (Anix) was calculated by [19]:

-1/2 1/2 viN1/4 2
—yn_viki =L Mi Hi My
Amix = =1T ) ey with @y = \/§<1 + M,-) [1 + (Mj) (Mi) ]

where the thermal conductivity of a single gas component (Ai) was found from the correlation A:
= A +B-T +C-T? + D-T3, using tabulated values of A, B, C and D constants.

A B C D
CHq4 -1.869-10-3 8.727-10° 1.179-107 -3.614-10-1
H> 8.099-103 6.689-10 -4.158-107 1.562-10-10
H:0 7.341-103 -1.013-10-° 1.801-107 -9.100-10
N2 3.919-10+ 9.816-10- -5.067-10-8 1.504-10-1
CcO 5.0678-10* 9.125-10° -3.524-10-8 8.199-10-12
CO: -7.215-103 8.015-10° 5.477-10-° -1.053-10-1

The gas-solid heat transfer coefficient (h) was calculated from Nusselt number (Nu) by the
equation [20]:
hd
Nu = —F%

Amix

where Nu was determined by Equation 520 [21]:
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Nu=249-107% £ T, + 12.6 Re with T, = ZN—T0UT

The temperatures registered at the inlet (Tiv) and outlet (Tour) of the catalytic bed during SR and
OSR experiments are summarized below. However, experimental errors due to the positioning of
thermocouples cannot be excluded.

(S20)

WHSV-103 SR tests at T=900 °C SR tests at T=800 °C OSR tests at T=900 °C  OSR tests at T=800 °C

(Nmlg*h?) Tw(CC) Tour(°®C) Tw(°C) Tour(°C) T (°C) Tour (°C) Tiv (°C) Tour (°C)

20 ppi 34.8 882 912 788 812 910 921 805 820
69.5 883 922 795 821 915 927 804 822
139.1 902 925 800 829 900 940 828 820

30 ppi 34.8 895 917 801 821 932 948 857 840
69.5 897 924 809 827 926 931 831 833
139.1 906 934 822 834 892 922 801 823

40 ppi 34.8 906 927 827 809 923 931 830 832
69.5 914 941 829 843 925 939 831 840
139.1 915 955 828 850 925 942 834 845

Absence of external interphase (gas-solid) heat transfer limitations.
Mears criterion [22] was applied to determine the effect of external interphase (gas-solid) heat
transfer limitations by Equation S21:
E, (FAH?)R
e T <045 (S21)
h GSART}
where E. and AH; are the apparent activation energy (92 kJ-mol') and the standard reaction
enthalpy (206.2 k]-mol™) [23,24], Ry, is the observed reaction rate for CHs based on foam volume, i
is the gas-solid heat transfer coefficient, GSA is the geometric surface area of the OCF, R is the
universal gas constant (8.314 J-mol! K-), and Tt is the bulk fluid temperature estimated as in the
Equation S20.
Absence of internal heat transfer limitations
Anderson criterion [22,25] was applied to determine the effect of internal heat transfer
limitations by Equation 522:
Ea (_AHB) TCH4 Pc 6c2
< 0.75 522
AcRT? (522)
where 1y, is the observed reaction rate for CHs, p. is the coated layer density, d. is the
coated layer thickness, A, is the effective thermal conductivity of porous materials (assumed equal
to 0.3 W-m-K") [9,20], and T is the reaction temperature.
Characteristic time analysis
The characteristic contact time, or residence time (f) describes the flow time of reactants
through the OCFs catalysts at feed inlet conditions [26,27]. It was determined by:
L
t. =— (523)
u

where L is the OCF length and u is the inlet gas velocity.
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The characteristic external mass transfer time (text) involves the diffusion of methane from bulk
gas to the catalyst surface [28,29]. It was determined by:

t i
¥t " 4 Dey, Sh

where dy. is the average coated pore diameter, D¢y, is the diffusivity of CHa in gas phase and
Sh is the Sherwood number.

The characteristic coated layer diffusion time (ti:) involves the transport of reactants inside the
pores of the catalytic layer [30]. It was determined by:

8¢

tine =
int DcH‘LE

where 0 is the coated layer thickness and D¢y, , is the effective diffusivity of CHa in the coated
layer.
The characteristic reaction time (#) describes the rate of methane conversion [31-33]. It was
determined by:
Cen,

T
TCH4 pC

where Ccy, is the concentration of CHs in the feed mixture, r¢y, is the observed reaction rate
for CHs and p. is the density (2 g-cm) of the catalytic layer.

Absence of external and internal mass transfer limitations

Damkohler numbers were determined to describe the trade-off between reaction kinetic and
diffusion limitations by Equations 527 (first Damkohler number, Da-I), S28 (second Dambkohler
number, Da-II), and S29 (third Damkohler number, Da-III) [34-38].

te
Da—l=t—>1

T

Loxt

Da-11 = <01

T

t.
Da-11I = ;—”t <1

r

Carberry [39,40] and Weisz-Prater [30,41,42] numbers were calculated to determine the effect of
external and/or internal mass transfer limitation by Equations S30 and S31, respectively.

RCH
Ca =——=—<0.05
* = ke GSACep,

T, 5.2
WP—M<1

DCH4_’e CCH4_S

(S24)

(S25)

(S26)

(S27)

(S28)

(S29)

(S30)

(S31)
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where Rcy, is the observed reaction rate for CHs based on foam volume and Ccy,, is the
concentration of CHa at catalyst surface, assumed equal to CH4 concentration in the feed mixture
(Ccn,) in absence of external diffusion controlling regime, otherwise calculated by Equation 532:

Ceny,s = Cen, 1-Ca)
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