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Syngas Combustion Characteristics of Oxygen Carrier Particle
in a Pressurized Fluidized Bed Reactor
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Abstract >> Syngas combustion characteristics of mass produced oxygen carrier particle (OCN706-1100) were
investigated in a pressurized fluidized bed reactor using simulated syngas and air as reactants for reduction and
oxidation, respectively. The oxygen carrier showed high fuel conversion, high CO, selectivity, and low CO
concentration at reduction conditions and no NO emission at oxidation conditions. Moreover, OCN706-1100 particle
showed good regeneration ability during successive reduction-oxidation cyclic tests up to the 10th cycle. Fuel
conversion and CO; selectivity decreased and CO emission increased as temperature increased. These results can
be explained by trend of calculated equilibrium CO concentration with temperature. However, fuel conversion and
CO, selectivity increased and CO emission decreased as pressure and gas residence time increased.
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Fig. 1 Conceptual diagram of chemical-looping combustor
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Table 1 Properties of mass produced OCN706-1100 particle

Particle name OCN706-1100
Metal oxide NiO
Metal oxide content [wt.%) 70
Preparation methods Spray drying
Bulk density [kg/m’] 1651.9
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Table 2 Particle size distribution and mean particle diameter
of OCN706-1100 particle

Particle size range [um] Weight percent [%]

> 425 0

300 - 425 0.27

212 - 300 1.75

106 - 212 55.00

75 - 106 21.12

45 - 75 19.00

0-45 2.68

Mean particle diameter [um)] 97.61
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Fig. 2 Schematic of a pressurized fluidized bed reactor
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Table 3 Summary of experimental conditions and methods
for 10th cyclic reduction/oxidation tests

Particle OCN706-1100

Solid height [m] 0.4

Pressure [bar-abs] 1

Reaction time [min] [Rei./fl’gr%e:/(/));ib/l)/urf el
Temperature [C] 900

Purge gas [Nl/min] N2 (2.0)
Reduction gas [NI/min] Syn (0.85) + N> (1.15)
Oxidation gas [Nl/min] Air (2.0)

* 1 up to full purge condition
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Table 4 Summary of experimental conditions and methods
to check effect of temperature

Particle OCN706-1100
Bed height [m] 0.4
Pressure [bar-abs] 1
. . . [Red./Purge*/Oxi./Purge*]
Reaction time [min] — 10/ %30/ *
Temp. [C] 900 950 1000
Purge gas [N//min] N2 (20) | N2 (1.92) | Nz (1.85)
. . Syn(0.85) | Syn(0.85) | Syn(0.85)
Reduction gas [N//min] N(L15) | +N-(1.07) | Nx(1.0)
Oxidation gas [N//min] | Air (2.0) | Air (1.92)| Air (1.85)

* 2 up to full purge condition
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Table 5 Summary of experimental conditions and methods
to check effect of pressure

Particle OCN706-1100
Solid height [m] 0.4
Temperature [C] 900 C

. . . [Red./Purge*/Oxi./Purge*]
Reaction time [min] 10/ %/ 40/ *
Pressure [bar-abs] 1 3 5 7 9 11
Purge gas, N> [N//min] | 2.0 | 6.0 | 10.0 | 14.0 | 18.0|22.0
Reduction gas 0.85:10.85:10.85:(0.85:]/0.85:|0.85:
Syngas:N, [N//min] 1.15]5.15]9.15 |13.15(17.15|21.15
Oxidation gas
Air [Nl/min] 2.0 | 6.0 |10.0|14.0|18.0|22.0

* 1 up to full purge condition
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