Catalytic activation of 3D printed Al1Si10Mg Periodic Open Cellular Structures (POCSs) by
combined dip/spin coating method for the intensification of ammonia synthesis
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—INTRODUCTION

The present work deals with the design, manufacturing (by Laser Powder Bed Fusion), characterization, and catalytic activation (by a wash-
coating method) of Periodical Cellular Structures (POCS) 3D-printed in a cylindrical shape (O = 1cm, Length = 1.5 cm), in different materials
(Al-, Cu-, Ni-alloys) and with various structural parameters (porosity, density, cell type and strut dimensions). The general aim is to intensify
the ammonia synthesis throughout the development of structured catalysts with geometries that allow the integration with ammonia selective

membranes in a membrane-based reactor to increase productivity at low temperatures (250-300°C) and pressure (20-25bar).

RESULTS
0— ADDITIVE MANUFACTURING (AM) .... fast, easy, highly accurate and productive, part of the digital industry..!!
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O POCS CHARACTERIZATION (AS BUILT)... complex geometry, hzgh poroszty and Speczfzc Surfooe Area...!!
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Influence of cell geometry and size, strut diameter and porosity

O——CATALYTIC ACTIVATION OF POCS... homogeneous layers, well anchored, no pore-clogging phenomena ..!!

— SC2C - Wt%Ni/CeO, + DISPERAL P2 . .
qa  Stctrsdbint mmfscuing | Losr Fowder Bed Fuson 7B ,.— SC2B- 7wt%Ni_fc:eo§- ALO; ‘ Catalyst loading: 0.1-0.25 g/cm’ Jd Mechanical
2 ] — SC2A - 7wt%Ni/CeO, T.T.= 300°C o
7 o 1 364% T L. Stability
Catalytic powder synthesis R R - 8 ]
1 b S mxvao,& 7-1%%?5&’0, n.; § 30+
o 0_1-: — ko) ]
fg . — g 20, B Ni/CeO;_ Primer, Sup. T.T=300°C. C.T=450°C/6h
Thermal treatment Q e - N Ni/Ce0O,-Al,O3 Primer, Sup. T.T=300°C, C.T=450°C/6h
' 2a betrate prefenmen Arx:::x:.m”pmr*posmn E _ Rheological behavior % : Ni/CeO,. Pimer + T.T=30E°C.C.T=4SU°C;’6h. Slurry + DISPERAL
I —— 0014 of slurry formulations 5 19 py i
v orebaration wder S 0.86% 1cati 1
' 2b Shurry preparatio m;.\?Atm:l?Y+powder)wuersomm me—mmoo " 0 : ! — SOIllC.atIOIl fOI‘ 30m1n,
P Shear rate (s o » > § O 45kHz in Petroleum Ether
a \( Coating step D—b(ﬂnshbrying) (Calcinntion) ) 0.15-. Loading curves
v 3 ,, t ! L WC19A . WC24 CONCLUSION
Fhsth’h T _ . . .
POCS Catalysts: G AO;:\ & S - * AM is able to manufacture complex parts allowing more freedom of design
main steps = oo optimization for catalytic reactors compared with traditional manufacturing techniques;
N * The combined dip/spin coating method can be used to obtain POCS catalysts with
Composition of the different slurry prepared. - 2 homogeneous and stable catalytic layers (thickness ~ 15um);
'2 "q:-') cero ’ s : b s
$g 7 = * The presence of anchoring points, the thermal or anodization pre-treatment (or both)
£8 G * of supports or the primer (DISPERAL P2) utilization (both in the slurry and coated on
Ni/CeO, 24.03 4565 149  28.83 - - 2o : : R : : it
— 77— _ S - tho_ supports) ploy a crucial role in achieving hlgh mechomcal stability;
Ni/CeO, 2536 4818 146  25.00 - 32 " * No pore-clogging phenomena were observed irrespective of the geometry used;
Ni/CeO,ALO, 2240 4250 150  33.60 : T o\ Dispera - . : . : :
Ni/CeO, © 2014 4250 150 3360 226 §§ 15 * The structured catalytic systems obtained by combining AM with the whashcoating
4 = - . . . . _ 0 . _ 9) 3
Acknowledgements o2 technique are characterized by higher porosity (88 -90%), higher SSA (50-115 cm?/cm”)

This project has received funding from the European Union’s Horizon 2020 research and innovation programme
under grant agreement No 101058565 (Ambher project). Views and opinions expressed are however those of the
author(s) only and do not necessarily reflect those of the European Union. Neither the European Union nor the
granting authority can be held responsible for them.
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