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Abstract — When we use NiO based particle as an oxygen carrier in a chemical looping combustion system, the fuel
conversion and the CO, selectivity decreased with increasing reaction temperature within high temperature range
(>900 °C) due to the increment of exhaust CO concentration from reduction reactor. To improve reduction reactivity at
high temperature, the applicable metal oxide component was selected by calculation of the equilibrium CO concentra-
tion of metal oxide components. After that, feasibility of reduction reactivity improvement at high temperature was
checked by using solid mixture of the selected metal oxide particle and NiO based oxygen carrier. The reactivity was
measured and investigated using batch type fluidized bed. The solid mixture of Co;0,/CoAl,0,(10%) and OCN706-
1100(90%) showed higher fuel conversion, higher CO, selectivity and lower CO concentration than OCN706-1100
(100%) cases. Consequently, we could conclude that improvement of reduction reactivity at high temperature range by
adding some Co;0, based oxygen carrier was feasible.
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Fig. 1. Conceptual diagram of chemical-looping combustion system.
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Fig. 2. Effect of temperature on (a) fuel conversion and CO, selec-
tivity, (b) relative CO, CH,, H,, and NO concentration, (c)
equilibrium CO concentration (adapted from Park et al. [9]).
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Fig. 3. Calculated equilibrium CO concentration with temperature
for applicable metal or metal oxide components.
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Table 1. Oxidation and reduction reactions of applicable metal or metal oxide components

Reduced and oxidized phase of oxygen carrier particlesOxidation

Reduction

Fe;0, <> Fe,0;

Ni & NiO 0O, +2Ni = 2NiO
Co0O <> Cos0, 0, +6Co0 — 2Co050,
Cu < CuO 0, +2Cu = 2CuO
Cu < Cu,O 0, +4Cu - 2Cu,0
Mn < MnO, 0, +Mn - MnO,

Mn;0, <> MnO,

0, +4Fe;0, — 6Fe,0,

0, +Mn;0, = 3MnO,

CO +3Fe,0; - CO, +2Fe;0,
H, +3Fe,0; - H,0 +2Fe;0,
CO +NiO - CO, +Ni

H, +NiO - H,0 +Ni

CO +Co;0, > CO,+3Co0

H, + Co;0, - H,0 +3Co0O
CO+CuO — CO,+Cu

H, +CuO — H,0 +Cu

CO +Cu,0 - CO,+2Cu

H, + Cu,0 - H,0+2Cu

2CO +MnO, — 2CO, +Mn
2H, + MnO, — 2H,0 +Mn
2CO +3MnO, - 2CO, + Mn;0,
2H, +3MnO, — 2H,0 +Mn;0,
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Fig. 4. Schematic of a pressurized fluidized bed reactor.
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Table 2. Summary of oxygen carrier particle’s characteristics
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Table 3. Summary of experimental conditions

Item Descriptions or conditions

Particle OCN706-1100 + Co,0,/CoAlL,0O,
Weight [g] 1358.1+1509(9:1)

Bulk density [g/cm?] 1.583

Bed height [m] 0.4

Pressure [bar] 1

Reaction time [min] [Reduction /Purge*/Oxidation/Purge*}=10/-/30/-
Temperature [°C] 900 950 1000
Purge gas [N//min] N,»(2.0) N,(1.92) N,(1.85)
Reduction gas, Syngas ~ 0.85+ 1.15 0.85+1.07 0.85+1.0
+ N, [N//min]

Oxidation gas [N//min] Air(2.0) Air(1.92) Air(1.85)

*: up to full purge condition

Particle Metal oxide Component Preparation Bulk density
wt.% Metal oxide Supporter methods [g/em’]
OCN706-1100 70 NiO Confidential Spray drying 1.651
Co;0,/CoAlO, 70 Co;0, CoAlLO, Coprecipitation Impregnation 1.087
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Table 4. Summary of experimental results
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Particle name OCN706-1100

OCN706-1100 (90%) + C030,/CoALO, (10%)

Temperature [°C] 900 950
Fuel converison [%] 99.74 99.64
CO, selectivity [%] 99.63 99.49
Relative CO concentration [%] 0.37 0.51
Relative CH, concentration [%o] 0 0
Relative H, concentration [%] 0 0
NO concentration [ppm] 0 0

1000 900 950 1000
99.54 99.85 99.74 99.57
99.34 99.79 99.64 99.39

0.66 0.21 0.36 0.61

0 0 0 0
0 0 0 0
0 0 0 0
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C,: Gas concentration of component x [%]

Q,: Total volume of component x [N/]

R,: Relative concentration of component x [%]
Sco,: CO, selectivity [%]
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