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Fig. 1. 50kWth CLC system.
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Table 1 Possible oxidation and reduction reactions.

No. Oxidation AHox AH ratio [-] Reduction AHreq AHi
[kJ/mol]  =AH.xi/AHcom [kJ/mol]  [kI/mol]

0,+1/2CHy — 1/2CO,+H,0 -445.16 1.00 Direct combustion - -445.16

1 0y+4/3Fe—2/3Fe,0; -547.55 1.23 CH, +4/3Fe,0;—C0, +2H,0 + 8/3Fe 20478  -445.16
2 0;+4Fe0—2Fe,0; -584.92 1.31 CH,+4Fe;05—~>CO; +2H,0 + 8FeO 279.53  -445.16
3 0,+4Fe;0,—6Fe0;3 -461.08 1.04 CH,+ 12Fe;05—C0, + 2H,0 + 8Fe;0, 31.84  -445.16
4 0,+2Ni—2NiO -481.16 1.08 CH,4+4NiO—CO, +2H,0 + 4Ni 72.01  -445.16
5  0,+2C0o—2Co0 -477.81 1.07 CH,4+4Co0—CO0;,+2H,0 +4Co 65.31  -445.16
6  0,+3/2C0—1/2C050;4 -452.50 1.02 CH,+ C030,—~CO, +2H,0 +3Co 14.69  -445.16
7 0+ 6C00—2C0304 -376.56 0.85 CH,+4C03;04—CO0,+2H,0 + 12Co0 -137.19  -445.16
8  0,+2Cu—2Cu0 -310.45 0.70 CH;+4Cu0—CO,+2H,0 +4Cu 269.41  -445.16
9  0;+4Cu—2Cu0 -334.72 0.75 CH,;+4Cu,0—CO0; +2H,0 + 8Cu -220.87  -445.16
10 0,+2Cu,0—4Cu0 -286.19 0.64 CH,+8Cu0—CO; +2H,0 +4Cu,0 -317.94  -445.16
11 0;+Mn—MnO, -520.07 1.17 CH,4+2Mn0O,—CO; +2H,0 +2Mn 149.83  -445.16
12 0;+2Mny0;—>4MnO, -166.52 0.37 CH, +8Mn0O,—CO0, +2H,0 +4Mn,0; 55727  -445.16
13 0;+Mn;0,—3MnO, -173.64 0.39 CH, + 6MnO,—CO, +2H,0 +2Mn;0, -543.04  -445.16
14 0,+4Mn;0,—~6Mn,03 -194.97 0.44 CH,;+ 12Mn,03;—>CO, +2H,0+ 8Mn;0,  -500.36  -445.16

Table 2 Effect of oxygen carrier particles on the performance of the chemical-looping combustor

No, Reduced and oxidized state of Ry [] Xinax Tox* Trea* G*)
oxygen carrier particles [] [%/min] [%/min] [kg/m’s]

1 Fe < Fe,03 0.30 1.00 27.85 6.17 48.73
2 FeO < Fe,03 0.10 0.33 80.14 17.97 140.25
3 Fe304 <> Fe;0O3 0.03 0.11 251.57 56.64 440.25
4 Ni < NiO 0.21 1.00 39.11 8.71 68.45
5 Co < CoO 0.21 1.00 39.24 8.74 68.67
6 Co <> Co304 0.27 1.00 31.51 6.99 55.13
7 CoO < Co0304 0.06 0.25 126.32 28.38 221.07
8 Cu < CuO 0.20 1.00 41.66 9.29 7291
9 Cu < Cu,0 0.11 1.00 75.03 16.81 131.30
10 Cu,0 <« CuO 0.10 0.50 83.43 18.71 146.00
11 Mn < MnO, 0.37 1.00 22.72 5.01 39.76
12 Mn,03 <> MnO, 0.09 0.25 91.19 20.46 159.58
13 Mn;04 <> MnO, 0.12 0.33 68.37 15.31 119.64
14 Mn;04 < Mny0; 0.03 0.11 248.56 55.96 434.99

* : metal oxide 60 weight percent basis

Jon

ofetZete O/EH EE MH9Z Mz 20035



Theories and Applications of Chem. Eng., 2003, Vol. 9, No. 2 2181

1S ZHo e 2] 3 4, 5 69 HFSo] f85H
*&ﬁ%‘gEﬂ(R)ﬂr *Mﬂ%%(xmax) ZdoE A 1, 4, 5, 6, 8, 119 w-2o] &7 3}c}.
T ARE F335HH 4 4,5, 6, = Ni < NiO, Co < Co0O, Co < Co304 HF3-o| uj A< ﬂ
2 Thdh Al2=Ho] AR vEgAdS & 4 Ak FA| T Co <> CoO, Co <> Coz04 HF
29 AL WA A 7(Co0 < Cos0,)9 ¥Hgo] dojypd whed ArALGH
L AadGEo] WEgd F 7] Widel A 79 2L S dAT & »‘OM El=
Table 3o+ AFAFAYA Foll LTEH FE52HSE 6‘3‘*'4&7} L2 R S g et
7191 el vAe JFS AHERT o QRHoE FE54EERE NIOE, AAAZ
bentonite s AH&-3F 7A-F-, NiO9] & stel] WM& wjAEd2] 7t 7]9] “”tﬂﬁ‘re o
3] SASHE O] ghEFo] FUHE wet T
EU *MJ—O#C"XM A & de AaY AFRy)0l SRR, g7 Ul gt
A7F] AAFAYATE EAEe Ao E, FFE A% 28] 2ok 2he-3d vk
&5 7} io}%‘oﬂ% IAESEETE AT wetbA AT YA A2 o A
= Aol frEsitt. AT &85 ol
}$ =2 7§%°ﬂ W&l aste @] AT = JormF 1] &R 54
5 2FAJA e HH x2S AAS o o 3ot

Z,

do
ol
o

Table 3. Effect of NiO wt. % in the oxygen carrier particle on the performance of the CLC

Items Symbol Unit 20 wt% 40 wt% 60 wt% 80 wt% 100 wt%
Oxygen ratio [O weight/(total particle weight)] R, - 0.0428 0.0857 0.1285 0.1714 0.2142
Required conversion rate in the Oxidizer Tox % [min 117.54 58.72 39.12 29.31 23.43
Required conversion rate in the Reducer Tred %/min 26.40 13.13 8.71 6.50 5.17
Solid circulation flux G, kg/m’s 205.69 102.76 68.45 51.29 41.00
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