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Abstract — To select the best oxygen carrier particle for syngas fueled chemical-looping combustor, the reduction reac-
tivity and carbon deposition characteristics were determined in a thermogravimetric analyzer. Four kinds of oxygen carrier
particles (NiO/bentonite, NiO/LaAl;;0,3, Co,0,,/CoALO,, NiO/NiALO,) were tested with the simulated syngas (30% H,,
10% CO,, 60% CO) as a reduction gas. With each of these particles, the maximum conversion and oxygen transfer capac-
ity increase with increasing the reduction temperature At the given experimental range, the optimum operating temperature
to maximize oxygen transfer rate is found to be 900 °C and carbon deposition on the particles could avoid at the temper-
ature above 800 °C. Among four kinds of oxygen carrier particles, the NiO-based particles exhibits better reactivity than the
CoO-based particle. Moreover, the NiO/bentonite particle produces the best reactivity based on the oxygen transfer rate and
the degree of carbon deposition. The measured oxygen transfer rate increases as the metal oxide content in NiO/bentonite
particle is increased thereby higher metal oxide contents could provide stable operation of chemical-looping combustor.
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Fig. 1. Simplified schematic of chemical-looping combustion system.
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Table 1. Summary of oxygen carrier particle's characteristics

o=

Particle name Metal oxide Raw materials Preparation Bulk density
wt.% Metal oxide Supporter methods [g/em’]
60 1.1645
70 i i 1.2650
NiO/bentonite 80 (commeljégl grade) (Donghaeizriomngrecial grade) Mixing 1.4238
90 1.5756
NiO/LaAl;;04 60 Ni(NO;), LaAl;;0pq Impregnation 0.8086
70 0.7243
NiO/NiALO, 70 Ni(NO;), [(CH;),CHOJ;Al Dissolution 1.0969
Co,0,/CoAlLO, 70 Co(NO;),-6H,0 Co(NO3),'6H,0, AI(NO3),"6H,0O Coprecipitation, Impregnation 0.9704
Qo= BTN AAREA | n]R= Z&AelE s8] 9J8ks. & Table 2. Summary of experimental conditions
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Fig. 2. Schematic of TGA reactor.
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Fig. 9. Reduction rate at X=0.5, oxygen transfer capacity and oxygen
transfer rate of four oxygen carrier particles.
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Metal oxide

Conversion Average reduction

Particle diameter

Reference Particle content [wt. %] range rate [%/min] Reduction gas T[°C] [mm]
Nakano etal. [19]  Fe,O4 Iron ore 006 60 H, 900 0.007
Jin et al. [20] NiO/YSzZ 60 0—>0.77 60 CH, 600 1.8
Jinetal. [21] NiO/ALO4 60 0—>0.8 16 CH,4(33.3%)+H,0(66.7%) 700 2.1
Ishida et al. [22] NiO/ALO4 60 02—->0.8 210 H, 900 0.07
Adanezetal. [23]  Fe05/ALO; 80 0—0.85 170 CH,4(70%)+ H,0(30%) 950
Mn;0,/ZrO, 60 0—>1.0 200 CH,(70%)+ H,0(30%) 950 Pellet
NiO/TiO, 60 0—0.85 >300 CH,(70%)+ H,0(30%) 950
NiO 100 0—>1.0 <6 600
Jin and Ishida [24] NiO/YSZ 60 0—>1.0 13 H, 600 Pellet
NiO/NiALO, 60 0—>1.0 27 600
CoO/AlL 04 60 0—0.58 45
NiO/AL O, 60 0— 0.53 20
Ishida and Jin [18] Fe,05/MgO 60 0— 0.60 4 H, 600 1.8
Fe,04/Al, 05 60 0—>0.27 1.6
Fe,04/TiO, 60 0—0.12 0.7
Ryuetal. [13] NiO/bentonite 60 0— 0.95 95 CH,4(5.04%, N, balance) 900 0.091
NiO/bentonite 30 0—>1.0 180
Ryuetal. [15] NiO/NiALO, 60 0—>1.0 103 H,(13%, N, balance) 900 0.091
Co0,0,/CoAl,0, 60 0—>1.0 44
This study NiO/bentonite 90 0—> 098 150 H,:C0O,:CO=30:10:60% 900 0.091

revised Lyngfelt et al. [25]
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C.s :oxygen transfer capacity [wt.%]

: oxygen transfer rates [wt.%/s]

t : time [s]

'Y : instantaneous weight of particles [mg]

'Y : instantaneous weight of particle after onset of carbon deposition
[mg]

: particle weight at maximum conversion [mg]

: minimum weight of particle before onset of carbon deposition
[mg]

: completely reduced weight of particles [mg]

Wyo : completely oxidized weight of particles [mg]

: initial mass of particle [mg]

W,; : weight of oxygen carrier particles [mg]
X : reduction conversion [-]
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