Trans. of the Korean Hydrogen and New Energy Society(2014. 2], Vol. 25, No. 1, pp. 87~96 ISSN 1738-7264
DOI: http://dx.doi.org/10.7316/KHNES.2014.25.1.087 eISSN 2288-7407

AbagoiQiRtel Slgt Hgte] 2139a 54

-ﬁ-igﬁ 0|;<0_|1,2 |%§ HHI:I-°| |%_g_1 . I:II'CC!;A‘l2
313
¢}

= o
SRl A714 A7, ek B st

Direct Combustion Characteristics of Coal by Oxygen Carrier
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Abstract >> Direct combustion characteristics of coal and oxygen carrier were measured in the thermogravimetric
analyzer using four coals and two different oxygen carriers. The direct combustion efficiency decreased in order
of Roto, Kideco, Sunhwa and Hyper coal for both oxygen carriers. Moreover, OCN703-1100 oxygen carrier showed
better combustion efficiency than OCN706-1100 oxygen carrier for all four coals. The reduction characteristics
of two oxygen carriers for CHs, CO and H, gases were measured in the thermogravimetric analyzer to investigate
why OCN703-1100 oxygen carrier showed better combustion efficiency than OCN706-1100 for all coals. The
OCN703-1100 oxygen carrier represented higher reduction rate than OCN706-1100 for all reducing gases.
Moreover, the total pore area and the porosity of OCN703-1100 were higher than those of OCN706-1100 oxygen
carrier. The total volatile gas and volatile components of four coals were measured in a batch type fluidized bed
reactor to investigate why the direct combustion efficiency decreased in order of Roto, Kideco, Sunhwa and Hyper
coal for both oxygen carriers. The direct combustion efficiency was proportional to the total amount of (CHs+
CO+H,) produced during devolatilization of coals.

Key words : Chemical-looping combustion(dlj H|<=2Fe14), Oxygen carrier(At43- YA}, Coal(A &), Direct
combustion(2] % $14+), Devolatilization(2%]2h)
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Table 1 Analytical results of solid fuels

‘ Roto ‘Sunhwa‘ Hyper ‘ Kideco

Proximate analysis (as received, wt%)

Moisture 13.92 7.44 0.79 15.05
Volatile 44.12 30.10 38.54 36.21
Ash 232 8.87 0.05 8.76
Fixed carbon 39.64 53.59 60.62 39.98

Ultimate analysis (dry basis, wt%)
68.40 74.25 87.50 66.55
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Table 2 Summary of total required oxygen mass and
oxygen carrier mass for combustion of 1 mg of coal

Total required O| Required oxygen carrier for
Coals .
mass [mg] Img coal combustion [mg]
Roto 2.21 14.76
Sunhwa 2.33 15.51
Hyper 2.71 18.08
Kideco 2.14 14.25

Table 3 Summary of experimental conditions for direct
combustion of coal by oxygen carrier

Coal(Roto, Sunhwa, Hyper, Kideco) +

Solids | (3 vgen carrier(OCN703-1100, OCN706-1100)
Mixing ratio | Coal(lmg) + oxygen carrier(19mg)=(1:19)
Temperature Ambient — 900C

Heating rate 5C/min

Purge gas N2(100 ml/min)

Input gas N2(100 ml/min)
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Table 4 Summary of experimental conditions for reduction
tests of oxygen carriers by different reduction gases

Solids Oxygen carrier(OCN703-1100, OCN706-1100)
Weight

= 10mg
900°C isothermal

Temperature

Heating rate 5C/min up to 900C

Purge gas N2(100 ml/min)

Input gas CHs, CO, Hx(5%, N, balance, 100ml/min)

Table 5 Summary of experimental conditions for coal
devolatilization in a fluidized bed reactor

Solids Coal(Roto, Su:illll?éz’ ;I;Iger, Kideco) +
Sillica sand 1044g, 106 ~ 212um
Coal Sg, 106 ~ 212um
Static bed height 0.4m
Temperature Ambient — 900C
Heating rate 18.7°C/min
Purge gas N2(2NI/min)
Input gas N2(2Nl/min)
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Table 6 Summary of results for combustion efficiency [%)]

p Coal Roto | Kideco | Sunhwa | Hyper
Oxygen carrier
OCN703-1100 90.3 79.2 75.6 42.8
OCN706-1100 73.5 713 69.4 377
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Table 7 Comparison of maximum reduction rate [mg/min]

Reduction gagxygen carrier| N703-1100 | OCN706-1100
CH, 1.1682 1.0516
Co 0.3468 0.2084
H 0.4180 0.3815

Table 8 Summary of mercury porosity meter analysis

Oxygen carrier

Reduction gas OCN703-1100

OCN706-1100

Total pore area [mz/g] 17.526 12.514

Porosity [%] 26.1 233
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