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Abstract: [ Purposes] High—pressure dry reforming of methane(DRM), as a key technology for
direct production of high—pressure syngas, improves overall energy efficiency by more than 40% com-
pared with that of atmospheric systems. However, carbon deposition under high—pressure conditions
severely restricts its industrial application. [Methods] In this study, CeO, modification strategies via

co—precipitation (CP) and impregnation (I) methods were comparatively investigated, revealing the
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crucial role of CeQ, crystallite size in anti—coking performance of a hydrotalcite-derived Ni~based cata-
lyst (Ni/MgAl,0,~-MgO). [Results] Comprehensive characterization techniques including BET, O,-
TPO, XRD, and CO,~TPD demonstrate that the co—precipitation derived NiCe/MgA1,0,-MgO(C)
catalyst exhibits larger CeQO, crystallites (10.98 nm) and formation of CeAlO; (XRD 20=33.1") caused
by the combination of Ce** with Al in MgALQ,, which disrupts the original support structure and
leads to severe Ni sintering. In contrast, the impregnation—derived NiCe/MgAl,0,~MgO(I) catalyst
restricts the CeQ, crystallite size to 5.13 nm, resulting in small-sized, low—crystallinity CeO, particles
while maintaining a high specific surface area (153.864 m®/g). This superior structure enhances the
CO, adsorption capacity by 4.5 times (CO,~TPD) and reduces the proportion of graphitic carbon from
86.1% to 24.7% (O,~TPO-MS). A 72 h high-pressure stability test confirmes that the deactivation
rate of the impregnated catalyst is only 12.93%, significantly lower than that of the co—precipitation
catalyst (25.97%) and the unmodified system (27.54% ). [Conclusions] This study elucidates that
CeO, crystallite size is one of the core factors governing the differential catalytic performance, provid-
ing a new paradigm for the design of high—pressure DRM catalysts.
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Table 1 CH, conversions and deactivations of catalysts

Initial CH, CH, Final CH, o
. . . . Deactivation
Sample conversion/  conversion  conversion degree®/ %
% at30h)/% Cat72h)/y BT
Ni/MgALO,~
° .94 .51 49.2 27.54
MgO 67.9 56.5 3 7.5
Ni/MgALO,~
MgO(C) 70.71 56. 56 52.34 25.97
Ni/MgALO,~ s oo -
MgO(D 65.25 61.28 56.81 12.93
Note:" Deactivation degree=
(Initial CH, conversion — Final CH, conversion ) % 100%

Initial CH, conversion

Note:"Calculated by Scherer equation of Ni (200) from XRD
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Fig.3 XRD patterns of (a) calcined, (b) reduced, and
(c) used catalysts
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Table 3 Carbon depositions on fresh and used catalysts and their
CeO, particle sizes

. ST
d(CeO,"/nm Carbon deposition”/

(mg-g b
Catalyst T —
Calcined Used Total 600°C 600 °C
Ni/MgAl,0,~MgO Nd Nd 530.5 73.5 457.0

NiCe/MgALO,~MgO(C) 10.98 34.12 231.9 213.1 18.8

NiCe/MgALO,-MgO(D)  5.13  17.26 188.3 141.7 46.6

Note:* Calculated by Scherer equation of Ce(111) from XRD;" The
carbon deposition amount was quantified according to the integrated
peak areas of CO, and CO in TPO-MS profiles, using activated car-
bon as the calibration standard
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Fig.4 TEM images of catalysts after calcination: (a—c) Ni/MgAl,0,-MgO, (d-f) NiCe/MgAl,0,-MgO(C), and (g-i) NiCe/MgAl,0,~MgO(I)
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Fig.5 H,~TPR curves of calcined catalysts
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Fig.6 CO,~TPD spectra of reduced catalysts
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Fig.7 0O,-TPO-MS spectra of used catalysts
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Fig.8 TEM images of used catalysts: (a) Ni/MgAl,0,-MgO, (b)
NiCe/MgALO,~MgO(C), and (¢) NiCe/MgALO,~MgO(I)
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