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Effects of granulation on structure and integrated CO, capture and
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Abstract: Integrated CO, capture and conversion (ICCC) represents a key negative emission technology in
achieving carbon neutrality, and development of dual function materials (DFMs) with high CO, sorption
and catalytic activity is essential. In this work, cylindrical, spherical and flake Ni-CaO DFMs were
synthesized via extrusion, extrusion spherization and squashing methods, respectively. Effects of granulation
on the structure and ICCC performance of Ni-CaO DFMs were then investigated. Results indicated that
granulation destroyed the porous structures of DFMs, thus showing adverse effect on CO, bulk diffusion
and adsorption of DFMs. At the first cycle, Ni-CaO powder exhibited a maximal CO, uptake of 11.77 mmol
COy/g at 650 °C and in presence of 10% volume fraction CO,, and a high CO yield of 4.81 mmol CO/g via
in situ reverse water-gas shift reaction in presence of 5% volume fraction H,. While granulated Ni-CaO
DFMs displayed a significantly decreased CO, adsorption capacity of 9.67~10.33 mmol CO,/g, but
significantly improved catalytic conversion rate of CO,. Meanwhile, granulation played an important role in
sustaining the CO, recycing adsorption stability of Ni-CaO DFMs. The Ni-CaO powder exhibited a high
cyclic attenuation rate of adsorption capacity of 31.35% for CO, capture after 12 recycles, while the DFMs
pellets showed a lower one (9.36%~24.23%).
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Schematic diagram of preparation and molding of powdered Ni-CaO DFMs
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Fig. 2 Fixed bed experimental system
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Fig. 3 Microstructural characteristics of different Ni-CaO
DFMs

% 1 Al Ni-CaO DFMs BISOML 25 19 25k

Table 1 Microstructural parameters of different Ni-CaO
DFMs
A e RE A/ (mYg)  FUAER/(cmY/g)  FEHEFLAE/mm
Ni-CaO-P 13.84 7.63x1072 22.04
Ni-CaO-C 7.63 5.72x1072 29.98
Ni-CaO-S 12.04 7.39x1072 24.56
Ni-CaO-F 9.52 7.34x1072 30.83
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Fig. 4 XRD patterns of different Ni-CaO DFMs
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Fig. 5 H,-TPR patterns of different Ni-CaO DFMs
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Fig. 6 Surface basicity analysis of different Ni-CaO DFMs
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# 2 Ni-CaO DFMs fJ H,-TPR 2 5E /3745
Table 2 Semi-quantitative analysis of the H,-TPR results
of different Ni-CaO DFMs

aMINIO Mg AIUNIO gy NiO I
B EEA S A ERER S R

[al5]

(%, < (%, 350~ (%, 600~  (umol/g)
350 °C) 600 °C) 900 °C)
Ni-CaO-P 0 18.0 82.0 0.21
Ni-CaO-C 4.7 36.5 58.8 0.28
Ni-CaO-S 12.3 47.8 39.9 0.50
Ni-CaO-F 8.0 53.4 38.6 0.58
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Fig. 7 SEM images of different Ni-CaO DFMs
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Fig. 8 Elemental mappings of different Ni-CaO DFMs
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17, )8 Ni-CaO DFMs f4 CO, W it 75 il 3 1 &2
9.67~10.33 mmol CO,/g, H FFJF K& H T4 53
RIS, FLARSM A AE 2~10 nm 3 Bl Y A9 FLAR 20 A
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R—%, MEMS, M Ni-CaO DFMs [ CO =4t
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JE M FALA Ni-CaO DFMs [ a 1 NiO Fll g %I NiO
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different Ni-CaO DFMs
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performance of different Ni-CaO DFMs within 12
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Table 3 Comparison of CO, adsorption and catalytic performance of different Ni-CaO DFMs
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