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Abstract : Microstructured AI@ALO; and Al@Ni-Al LDH (LDH = layered double hydroxide) core-shell metal-ceramic
composites are prepared by hydrothermal reactions of aluminum (Al) metal substrates. Controlled hydrothermal reactions of Al
metal substrates induce the hydrothermal dissolution of Al ions at the Al-substrate/solution interface and reconstruction as porous
metal-hydroxides on the Al substrate, thereby constructing unique metal-ceramic core-shell composite structures. The morphology,
composition, and crystal structure of the core-shell composites are affected largely by the ions in the hydrothermal solution;
therefore, the critical physicochemical and surface properties of these unique metal-ceramic core-shell microstructures can be
modulated effectively by varying the solution composition. A Ni/Al@ALOs catalyst with highly dispersed catalytic Ni
nanoparticles on an AI@ALO; core-shell substrate was prepared by a controlled reduction of an Al@Ni-Al LDH core-shell
prepared by hydrothermal reactions of Al in nickel nitrate solution. The reduction of AI@Ni-Al LDH leads to the exolution of Ni
ions from the LDH shell, thereby constructing the Ni nanoparticles dispersed on the Al@ALOs. The catalytic properties of the
Ni/Al@ALO; catalyst were investigated for CO, methanation reactions. The Ni/Al@ALOs catalyst exhibited 2 times greater CO,
conversion than a Ni/ALLO; catalyst prepared by conventional incipient wetness impregnation and showed high structural
stability. These results demonstrate the high effectiveness of the design and synthesis methods for the metal-ceramic composite
catalysts derived by hydrothermal reactions of Al metal substrates.
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Figure 1. (a) Thermal conductivity and specific heat capacity of various metals and metal oxides, (b) the schematics of the Al derived
metal-ceramic composite structured catalyst with enhanced heat and mass transport properties and catalytic activities.
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Figure 2. SEM micrograph (top) and XRD pattern (bottom) of the metal-ceramic core-shell microstructures obtained by hydrothermal
reactions of Al metal particles in (a) deionized H,O, (b) 1 M aqueous solution of Ca(NOs),, and (c) 1 M aqueous solution of Ni(NO;),

at 423 K for 3 h.
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Figure 3. SEM mlcrographs of (a) AI@AI-Ni LDH core-shell microstructures with Al metal core encapsulated with Al-Ni LDH shell at
various magnifications, (b) Ni-Al LDH grown on Al metal mesh.
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Figure 4. Thermogravimetric analysis (TGA) pattern of (a) Al@
Al-Ni LDH core-shell dried at 393 K for 4h, and (b) the
calcined Al@AI-Ni LDH core-shell at 773 K for 4 h.
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Figure 6. Ni catalyst supported on Al@AIl,O5 core-shell (Ni/Al
@AIL,05) obtained by the reduction of Al@Ni-Al LDH
core-shell microstructure at 673 K in H, stream: (a)
synthesis scheme, (b) - (¢) SEM images, (d) TEM image,
(e) XRD pattern of the Ni/Al@ALOs catalyst (Ni loading
=17.6 wt.%)
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Table 1. Ni loading amount, BET surface area, H, chemisorption
amount, and Ni dispersion on NiI/AI@ALO; and

Ni/ALLO; catalysts
Ni  surface area H, Ni
content (m’g"')  chemisorption dispersion
(Wt%) (umol g') (%)
Ni/AI@ALOs 176 215 127 31.4
Ni/ALLO; 17.9 104 78 7.0
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Figure 7. (a) CO, conversion and (b) CO selectivity by CO,

methanation on Ni/AI@AL,O; and Ni/AL,O; catalysts at
various reaction temperatures.
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Figure 8. (a) Time-on-Stream of CO, conversion and CO selectivity over the Ni/AI@ALO; catalyst (18 wt% Ni) obtained for 150 h under
the accelerated test by temperature cycling between 573 and 673 K, (b) TEM micrograph of the spent Ni/AI@ALO; catalyst, (c)
the size distribution of Ni nanoparticles on the catalyst obtained by image analysis of the TEM result.
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