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The Effect of CBB(CaO-Ba0O-B,;0;) Addition on the Physical
Properties and Oxygen Transfer Reactivity of NiO-based
Oxygen Carriers for Chemical Looping Combustion
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Abstract >> Spray-dried NiO-based oxygen carriers developed for chemical looping combustion required high
calcination temperatures above 1300 C to obtain high mechanical strength applicable to circulating fluidized-bed
process. In this study, the effect of CBB (CaO-BaO-B,0;) addition, as a binder, on the physical properties and
oxygen transfer reactivity of spray-dried NiO-based oxygen carriers was investigated. CBB addition resulted in
several positive effects such as reduction of calcination temperature and increase in oxygen transfer capacity and
porosity. However, oxygen transfer rate was considerably decreased. This was more apparent when a higher amount
of CBB was added and MgO was added together. From the experimental results, it is concluded that CBB added
NiO-based oxygen carriers are not suitable for chemical looping combustion and a new method to reduce calcination
temperature while maintaining high oxygen transfer rate of NiO-based oxygen carriers should be found out.

Key words : CLC(A| 1|2 F% ¢14), Oxygen carrier(AHA A& ¢ 21, CBB(AH]H]), Nickel oxide(AFsl ), Spray
drying(FF+ 71 %)
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Reduction: (2n + m)Me, O, + C,Han
— (2n + mMe,O.1 + mHO + nCO, (1)

Oxidation: (2n + mMe,O.1 + (n + 1/2)O,
— (2n + m)Me,O )

Overall: C,Hzy + (n + 12m)0;
— mH,O + nCO, 3)
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Fig. 1 Schematic of Chemical Looping Combustion process
(M: metal; O: oxygen)
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Table 1 Composition of prepared oxygen carrier

NiO ALO; MgO CBB

/ Wi% / Wi% / Wi% / Wi%
oCl 70 30 0 0
oc2 70 27.5 0 25
0oC3 70 25 0 5
oc4 70 25.8 42 0
ocs 70 233 42 25
0Cé6 70 20.8 42 5
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Table 2 Physical properties of oxygen carrier

OC name OC1 0C2 0C3

Cacination

1300 | 1400 | 1100 | 1200 | 1000 | 1100
temperature / [J

Average particlel 5| 24 | 09 | 96 | 106 | 95

size / [0
Tap density /-1 1 s | 6 | 21 | 16 | 21
(g/em’)
BET surface 5 41 oe | = | oo | - | 06
area / (m’/g)
Porosity / % | 201 | 95 | - | 182 | - | 152
Attrition index
AD 1% | 182 | L1 | 415|123 | 489 | 12
OC name 0C4 0Cs 0C6

Cacination

1350 | 1400 | 1100 | 1200 | 1000 | 1100
temperature / [J

Average particlel o o) | 1 | j03 | 122 | 101

size / O
Tap density /-1 6 | 98 | 18 | 23 | 20 | 24
(g/em’)
BET surfzzice 13 | 007 05 i L1
area / (m’/g)
Porosity / % | 15.5 1.2 - 13.5 - 14.0
Attrition index
(AD) | % 167 | 04 | 233 | 25 | 395 | 48
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Fig. 3 Shape of oxygen carriers: (a) OC1-1400; (b) OC2-1200;
(C) OC3-1100; (d) OC4-1400; (e) OC5-1200; (f) OC6-1100

Fig. 4 Surface morphology of oxygen carriers: (a) OC1-1400;
(b) OC2-1200; (C) OC3-1100; (d) OC4-1400; (e) OC5-1200; (f)
0C6-1100
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Table 3 Comparison of oxygen transfer performance

Fuel gas (H, 15%, CO, 85%)
Oxygen Oxygen The highest oxygen
transfer | utilization, transfer rate (at JX)
capacity, Co Uo [mol O/kg-oc/s]
[g-Oo/g-oc] [%] Reduction Oxidation
OC1-1400 0.1124 75.0 0.153 (0.37) | 0.358 (0.50)
0C2-1200 0.1372 91.6 0.091 (0.39) | 0.334 (0.68)
0OC3-1100 0.1349 90.0 0.073 (0.04) | 0.367 (0.66)
0C4-1350 0.1248 83.3 0.144 (0.43) | 0.416 (0.45)
0OC5-1200 0.1257 83.9 0.100 (0.35) | 0.321 (0.63)
0C6-1100 0.1322 88.3 0.089 (0.50) | 0.369 (0.60)
Fuel gas (CO 15%, CO, 85%)
Oxygen Oxygen The highest oxygen
transfer | utilization, transfer rate (at X)
capacity, Co Uo [mol O/kg-oc/s]
[2-Oz/g-oc] [%] Reduction Oxidation
OC1-1400 0.1106 73.8 0.089 (0.08) | 0.365 (0.48)
0C2-1200 0.1297 86.6 0.045 (0.23) | 0.313 (0.66)
0OC3-1100 0.1225 81.8 0.035 (0.03) | 0.355 (0.59)
0C4-1350 0.1219 81.4 0.088 (0.07) | 0.405 (0.41)
0OC5-1200 0.1241 82.8 0.027 (0.03) | 0.306 (0.65)
0OC6-1100 0.1284 85.7 0.027 (0.03) | 0.339 (0.65)
Fuel gas (CHs 15%, CO, 85%)
Oxygen Oxygen The highest oxygen
transfer | utilization, | ~ transfer rate (at X)
capacity, Co Uo [mol O/kg-oc/s]
[2-Oo/g-oc] [%] Reduction Oxidation
OC1-1400 0.1134 75.7 0.338 (0.31) | 0.361 (0.50)
0C2-1200 0.1245 83.1 0.042 (0.03) | 0.299 (0.65)
0OC3-1100 0.1312 87.6 0.039 (0.04) | 0.356 (0.63)
0C4-1350 0.1261 84.2 0.336 (0.35) | 0.407 (0.47)
0OC5-1200 0.1235 82.4 0.032 (0.02) | 0.311 (0.63)
0OC6-1100 0.1285 85.8 0.037 (0.03) | 0.332 (0.65)
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Fig. 6 Oxygen transfer rate as a function of degree of il CBB=
converspn at 950 T for the fuel gas of (@) 15% Haz; (b) S0 v FYur4
15% CO; (c) 15% CHs balanced with CO,
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