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Abstract : Biomass has been used to secure renewable energy certificates (REC) in domestic and overseas coal-fired power
plants. In recent years, biofuel has been diversified from traditional wood pellets to non-woody biomass. Non-woody biomass has
a higher content of alkaline metals such as K and Na than wood-based biomass, resulting in a lower melting point and an increase
in slagging on boiler tubes, which reduces boiler efficiency. This study analyzed the effect of kaolin, an additive commonly used
to increase melting points, on biomass co-firing to coal through thermochemical equilibrium calculations. In a previous
experiment on biomass co-firing to coal conducted at 80 kWy,, it was interpreted that the use of kaolin actually increased the
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amount of fouling. In this study, analysis showed that when kaolin was added, aluminosilicate compounds were generated due to
Al,0Os, which is abundant in coal, and mullite was formed. Thus, it was confirmed that the amount of slag increased when more

kaolin was used. Further analysis was conducted by increasing the biomass co-firing rate from 0% to 100% at 10% intervals, and

the results showed non-linear liquid slag generation. As a result, it was found that the least amount of liquid slag was generated
when the biomass co-firing rate was between 50 and 60%. The phase diagram analysis showed that high melting point
compounds such as leucite and feldspar were most abundantly generated under these conditions.

Keywords : Herbaceous biomass, Slagging, Kaoline, Thermo-chemical equilibrium calculation
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Table 1. Composition of fuels used in the experiment[20]

Straw pellet Mixed fuel
Case Coal (SP) (Coal:SP=7:3,
heat base)
Ultimate analysis (wt%)
C 65.5 454 59.5
H 43 5.0 4.5
(0] 13.3 337 19.4
N 1.4 0.6 1.12
S 1.3 0.1 0.9
Proximate analysis (wt%)

Fixed carbon 42.7 15.1 34.4
Volatiles 43.1 69.7 S1.1
Moisture 9.1 9.2 9.1

Ash 5.1 6 5.4

Ash component (wt%)

SiO, 47.22 56.26 49.93
KO 1.88 28.34 9.81
P,0s 2.18 2.18 2.18
MgO 0.63 2.38 1.16
CaO 0.92 8.64 323
Al O4 36.62 0.93 25.93
Na,O 1.39 0.73 1.19
Fe,0; 6.79 0.5 4.91
TiO, 2.36 0.03 1.66
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Table 2. Input parameters for thermo-chemical equilibrium

calculation
Mixed fuel
Coal Straw pellet(SP) | (Coal:SP=7:3,
heat base)
(Unit) (8 (& (8
H,O 91 100 93.7
C 655 390 575.5
H 43 45 43.6
N 14 7 11.9
S 13 0.2 9.16
Cl 0 16.5 4.95
Al 18.9 0.3 13.32
Ca 0.6 5.7 2.13
Fe 4.6 0.3 331
Mg 0.4 22 0.94
P 0.9 0.9 0.9
K 1.5 17 6.15
Si 21.63 65.66 34.839
Na 1 33 1.69
Ti 1.4 0 0.98
Mn 0.02 0.9 0.284
Zn 0.05 0.04 0.047
O 133 345 196.6
Combustion Air
0, 1772 1772 1772
N, 6664 6664 6664
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Figure 2. Deposition propensity for various fuels and additives:
Data was based on the previous experimental study[14].
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