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Abstract

The chemical looping methane reforming process has attracted considerable attention as an
efficient approach for hydrogen and syngas production due to improved energy efficiency and
better control over reaction pathways. In this study, two cerium-based perovskite oxygen carriers,
CeNiO3 and CeCuOs, were synthesized via the co-precipitation method and evaluated for
application in this process. The structural, morphological, and redox properties of these materials
were investigated using XRD, FESEM, TGA, and H>-TPR analyses, and their reactor performance
was examined in a quartz fixed-bed reactor under successive oxidation—reduction cycles. The
results indicated that CeNiOs; exhibits higher thermal stability, easier reducibility, and more
effective reversible lattice oxygen transfer, whereas CeCuOs showed greater thermal instability
and more limited reducibility. At 750 °C, methane conversion was approximately 90% for CeNiO3
and about 30% for CeCuOs. Furthermore, CeNiO3; demonstrated suitable cyclic stability, while the
performance of CeCuO3 was unstable.
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Figure 1: Schematic of the experimental chemical looping methane reforming system
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Figure 2: X-ray diffraction pattern of (a) CeCuOL] perovskite and (b) CeNiO[] perovskite
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Figure 3: FESEM image of (a) CeCuOL] perovskite and (b) CeNiOL] perovskite
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Figure 4: TGA/DTA curves of (a) CeCuOL! perovskite and (b) CeNiO[J perovskite

CeMO3 (M sl bl (g ndulat 8, owypr sl (H2-TPR) (59,000 b osis 5,40l 0 20l (5051
OhenST sl Shles a5 wisle flas Lol jrall Sy SO diges 90,0 (O JS&) ol b= Ni, Cu)
S oS Jb o el Fo- L 099> sles ;0 CeNiOL aigas S el (g LSl o glasiis

03,5 saalino Ve o L5l 5YL sles ;0 CeCuO; diges
oS 90, 48, 0,b,0 sladgl glaools Ho-TPR ¢ IS jobo 4y .l digas g0 ;o oxbaws Jld y50nST SauSTy,



(a) (b)

TFI9°C

450 =

Intensity (a.u.)
Intensity (a.u.)

T T T T T T T T T T T T T T
100 200 300 400 500 600 700 100 200 300 400 500 600 700
Temperature (°C) Temperature (°C)

CeNiO3 cylSass s (b) §CeCUO3 sy (a)as bogspo H-TPR 5T :0 IS

Figure 5: HLI-TPR analysis of (a) CeCuO[] perovskite and (b) CeNiOL] perovskite
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Figure 6: Molar fraction of product gases (excluding helium) versus time for three successive
cycles at 750 °C for the perovskites: (a, b, ¢) CeCuOL perovskite and (d, e, f) CeNiO[

perovskite
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Figure 7: Contour plot of the H2/CO ratio as a function of reaction time during three successive
oxidation—reduction cycles at 750 °C for the perovskite oxygen carriers: (a) CeCuOs and (b)
CeNiOs
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Figure 7: Changes in methane conversion over successive oxidation—reduction cycles at 750 °C
for the oxygen carriers: (a) CeCuOL[] and (b) CeNiO[!
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