| AIDIC = = |SCRE25

Van®,
)

%=s FLORENCE 2018
B4 DL.G1i NG

SCIiNCEV& EC g E I\'Mww.aldlc.ltllscrezs
agnte = i > u ) ; ;;;. S il

Towards the scaling up of monolith- and foam-structured catalysts via in-situ combustion
deposition for energetic applications

Cristina Italiano”, Lidia Pino, Massimo Lagana, Antonio Vita
CNR-ITAE “Nicola Giordano”, Via Salita S. Lucia sopra Contesse 5, 98126, Messina, Italy.

*Corresponding author: cristina.italiano@itae.cnr.it

Highlights
e Ceramic foams-monoliths (6.7-26.8 cm?-cm™) as attractive catalyst supports.
e Thin-coated layers (8-30 um) with high mechanical strength by facile combustion deposition.
e High activity and stability towards endothermic SR and OSR processes.
e High activity and stability towards exothermic CO, methanation reaction.

1. Introduction

Monoliths and foams have received growing attention as catalyst supports in both academic research and
industrial applications due to their interesting specific properties (high geometric surface area, low pressure
drops, high mass and heat transfer properties). Structured catalysts can operate at high space velocity,
achieving a good contact between gas phase and surface reactions. All these characteristics are highly
desirable for both exothermic (methanation reaction) and endothermic reactions (reforming processes) [1].
The solution combustion synthesis (SCS) method is a suitable procedure to deposit uniform, thin and high-
strength catalytic layers on ceramic monoliths and foams [2,3]. In this work, the catalytic phase was in-situ
deposited by the SCS on commercial cordierite monoliths (400-500 cpsi) and alumina foams (20,30,40 ppi).
The activity and stability results were investigated towards Steam Reforming (SR) and Oxy-Steam
Reforming (OSR) of different fuels (CH,, biogas, n-dodecane) and CO, methanation reaction. Then, the
catalyst scale-up was investigated to evaluate the goodness and the reproducibility of the coating method.
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Figure 1. SEM image (a) and corresponding EDX mapping (b) of coated 40 ppi-foam.

2. Methods

The catalytic layers were deposited by the SCS at 600°C, dipping the supports in an aqueous solution
containing metal precursors and urea as fuel [3]. The main morphological characteristics of monoliths
(channel inner size and wall thickness) and foams (pore diameter and strut thickness) were examined with an
optical microscope by means of the sizing techniques. Bed porosity was obtained by the He pycnometry. The
geometric surface area (GSA) was calculated according to the Cybulski and Moulijn equation (monoliths)
and the Buciuman and Kraushaar-Czarnetzki tetraidecahedrom model (foams). The pressure drops at
different superficial velocities were determined by a water-filled U-tube manometer connected to a quartz
tube open to the atmosphere. SEM technique was used to determine the coating thickness as well as the
goodness of the deposition method. The adherence between the catalytic layer and the support walls was
evaluated by ultrasonic treatment in isopropyl alcohol solution. Catalytic tests were carried out in a fixed-bed
guartz reactor at atmospheric pressure; a detailed description of the experimental setup was provided in our
previous publications [3,4].
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3. Results and discussion

The catalyst load, calculated as the weight of catalytic layer (0.18 g) on the geometric surface area of
supports, was ca. 22.8 (20ppi-foam), 15.5 (30ppi-foam), 11.8 (40ppi-foam), 6.0 (500cpsi-monolith) and 5.7
mg-cm 2 (400cpsi-monolith). Pressure drops of monoliths and foams well fitted the Hagen-Poiseuille and
Lacroix theoretical calculation, respectively. Strong resistance to vibrations and mechanical shocks was
revealed with negligible weight loss (< 1%) of the coated phase.

The combustion deposition method produced very reproducible coated layers homogeneously distributed on
the support surface (Figs. 1,2). Uniform and thin coating tickness (8-30 pum, depending on the exposed GSA)
were obtained (Figs. 2b,c,e). The magnifications of the coating layer confirmed the presence of a significant
residual macro-porosity, related to the escaped gases during SCS steps (Fig. 2f). Homogeneous, thin and
resistant coating was revealed scaling-up the supports from ca. 1 to 50 cm® (Fig. 2g).

Figure 2. SEM images at different magnifications of coated monoliths (a-c) and foams (d-f); photograph of foam scale-up (g).

High catalytic activity was observed for both reforming and methanation processes, following the order
400cpsi-monolith ~ 500cpsi-monolith < 20 ppi-foam < 30 ppi-foam ~ 40 ppi-foam. Excellent long-term
stability was observed over 200 h of time-on-stream (TOS) towards SR and OSR processes carried out a very
stressful conditions (900°C, 140,000 Nml-ge,*-h™): almost total methane conversion was obtained in both
processes, while H, concentration of 64.7% to 58.2% (dry and N,-free basis) was revealed for SR and OSR,
respectively. Besides, stable activity results both in term of CO, conversion and products composition were
obtained during CO, methanation for 200 h of TOS (400°C, 200,000 Nml-ge,*-h™).

4. Conclusions

The in-situ combustion deposition was an easy, fast and cheap method to synthesize structured catalysts by
self-sustained strongly exothermic reactions. The obtained results represented a promising advance in the
process intensification leading to smaller, less costly and more efficient reactors.
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