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Performance Estimation and Process Selection for
Chemical-Looping Hydrogen Generation System

HO-JUNG RYU', GYOUNG-TAE IIN

Clean Energy Research Center, Korea Institute of knergy Research
71-2 Jangdong, Yusorggu, Daejeon, 305-343 Korea

ARSTRACT

To find a suitable metal componen: in oxygen carrier particles for chemical-looping
hydrogen generation system(CLH), oxygen transfer capacities of metal components were
compared and Ni has been selected as the best metal component. The proper operating
conditions to achieve high hydrogen generation rate have been investigated based on the
chemical-equilibrium composition analysis ‘or water splifting reactor.  Moreover, suitable
compositions of syngas from gasifier of heavy residue to achieve high energy efficiency have
been investigated by calculation of heat c¢f reaction. Based on the selected operating
conditions, the best configuration of twc interconnected fluidized beds systemn for the
chemical-looping hydrogen generator has beer investigated as well.

FRIEEM : Chemical-looping hydroger generation system(?] =82 $£42 A Al2d]),
Hydrogen(3-24), Carbon cioxide(®] 48} ¥F4), Separation(3#2]), Oxygen
carrier particle(At 228 o 9 &)
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Table 1. Comparison of reaction equations, required mass of solid per I mole of gas, and oxygen carrier capacity

for each metal oxide components.

H;O splitting @120 Ratio of o’ R, [-]
HO + 2FesOy = Hy + 3Fex0y 319.38 5.44 0.0335
H.O + Ni = Hy, + NiO 28.70 1.00 0.2142
H.0O + 3Co0 = H» + Co30, 224.79 3.83 0.0665
HO + Cu =, + CuO 63.55 1.08 0.2011
H-O + 2Cu = Hy + CuO 127.10 2.16 0.1117
H.O + MnO = H, + MnO- 70.94 1.21 0.1840
H.0 + 3MnO = H, + Mn0O, 212.82 3.63 0.0699
CH; reduction Weii Ratio of @ R, [-]
CH, + 12Fe,O4 = COs + 2H.0 + 8Fe 0O, 1916.28 6.41 0.0347
CHy + 4NiO = CO» + 21,0 + 4Ni 298.80 1.00 0.2726
CHy + 4Co030¢ = COy + 2H.0 + 12C00 963.20 3.22 0.0712
CH; + 4Cu0O = CO, + 2H.0 + 4Cu 318.20 1.06 0.2518
CH; + 4Cu,0= CO» + 2H,O + 8Cu 2972.36 1.92 0.1258
CHy + 4MnO: = CO, + 2H.O + 4MnO 347.76 1.16 0.2255
CH; + 4NMn;0Oy = CO, + 21,0 + 12MnO 915.24 3.06 0.0752
CO reduction Wco Ratio of @ R, [-]
CO + 3Fex0y = COy + 2Fes0 479.07 6.41 0.0347
CO + NiO = CO» + Ni 74.70 1.00 0.2726
CO + Co30¢ = CO» + 3C00 240.80 3.22 0.0712
CO + CuO = COy + Cu 79.55 1.06 0.2518
CO + CuO = COy + 2Cu 143.09 1.92 0.1258
CO + MnO; = CO» + MnO 86.94 1.16 0.2255
CO + MniO; = COs + 3MnO 20881 306 0.0752
H; reduction @2 Ratio of a R, [-]
H, + 3Fe.O; = H.O + 2Fe O, 479.07 6.41 0.0347
H, + NiO = IL,O + Ni 74.70 1.00 0.2726
Hy + Coy04 = H0 + 3Co0 240.80 3.22 0.0712
H, + CuO = O + Cu 79.55 1.06 0.2518
H, + CuO = H.0 + 2Cu 143.09 1.92 0.1258
Hy + MnO» = H.0 + MnO 86.94 1.16 0.2255
H, + MniO4 = H.O + 3MnO 228.81 3.06 0.0752

* based on the value of Ni for Ii:gO spﬁﬁiné and NiO for regluction, rcspecti;/ely.

Allgp=
s

ANIO + CHy — COy + ILO + 4Ni

AMaw= 3240 kcal/mol-Cl;
NiO + Hy, - HO + M

Al Iq()o: -3.47 kcal/mol—I 12
NiO + CO - CO, + M

AHaw=-11.34 kcal/mol-CO

347 keal/mol-1L.O
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