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Abstract : In this study, we investigated the structure and properties of a highly heat conductive metal-ceramic core-shell
CoALO4@AIl micro-composite for heterogeneous catalysts support. The CoALOs@AIl was prepared by hydrothermal surface
oxidation of Al metal powder, which resulted in the structure with a high heat conductive Al metal core encapsulated by a high
surface area CoAl>O4 shell. For comparison, CoAl,O4 was also prepared by co-precipitation method and also utilized for a
catalyst support. Rh catalysts supported on CoALOs@Al and CoAl,O4 were prepared by incipient wetness impregnation and
characterized by N, adsorption, X-ray diffraction (XRD), scanning electron microscopy (SEM), CO chemisorption, and tem-
perature-programmed reduction (TPR). The properties of catalysts were investigated for glycerol steam reforming reaction for
hydrogen production at 550 C. Rh/CoAl,Os@Al exhibited about 2.8 times higher glycerol conversion turnover frequency (TOF)
than Rh/CoALO, due to facilitated heat transport through the core-shell structure. The CoALOs@Al and CoALO4 also showed
some catalytic activities due to a partial reduction of Co on the support, and a higher catalytic activity was also found on the
CoALOs@ALl core-shell than CoALOs. These catalysts, however, displayed deactivation on the reaction stream due to carbon
deposition on the catalysts surface.
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Core-shell CoALOs@Al &3 -2 A4|= Al #5582 (good
fellow, ¢ = 25 um)9| & Akshk-gof oJsto] A ITh21].
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Figure 1. Schematics of the reaction system for catalytic glycerol steam reforming.
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Table 1. Surface area, pore size, and pore volume of the supports
and the catalysts

Table 2. Specific properties of the supports and the catalysts ob-
tained by CO chemisorption

Surface area | Average pore | Pore volume . Metal Metal
Catalyst 2 -1 . 3 -1 CO chemisorp- | . . .
(m°g) size (nm) (ecm’ g) Catalyst tion (umol g'l) dispersion | diameter
CoALO,@AI 93 35 0.17 ) (nm)
3 wit% 0 ig 016 3 wt% Rh/CoAL O, 62 21 5.1
Rh/CoALOs@Al ’ ' CoALOs@Al 18 - -
3 wt% Rh/CoALO;4 94 6.1 0.20 CoALO4 25 - -
3} 3] &w -04-006- 7} = A0 3=k wloith w3
Py Al (@) CoAl,0, (¥) 5t 3] 1] Z(JCPDS:04-006-8196) 7} S-A]of| Z& =] Qich ESH

<00
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20 (degree)

Figure 2. XRD patterns of Rh/CoAl,Os@Al and Rh/CoAl,O4
catalysts.
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Figure 3. Temperature programmed reduction (TPR) characteristics
of 3 wt%-Rh/CoALLOs@Al and 3 wt%-Rh/CoAl,O4 ca-
talysts, and CoAL,Os@Al and CoAl,O4 supports.
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Table 3. Product selectivity for glycerol steam reforming on the
catalysts (550 ‘C, WHSV = WHSV 34,000 mL g h™")

Product selectivity (%)
Catalyst -

’ H: | €O | €O Hyd?o]cfrzbons
3wt% Rh/CoALOs@Al | 66 6 26 2
3 wt% Rh/CoALO4 66 6 26 3
CoALOs@Al 67 6 25 2
CoAlO4 67 7 25 1
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Figure 6. Glycerol steam reforming reaction turnover frequency
(TOF) on Rh/CoALOs@Al Rh/CoAlO4, CoALOs@Al
and CoAl,Os taken after 2 h of the reaction (550 C, H,O/
C3HyO = 4.5, WHSV = 17,000 and 34,000 mL g h™").
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