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PM, formation characteristics during high—alkali coal combustion
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Abstract: High alkali coal generally has a high alkali metal content, which is the main precursor for the formation
of submicron particulate matter PM, during coal combustion. However, the alkali and alkaline earth metals
(AAEMs), especially Na, result in a large amount of fine particulate matter (PM,) formation during coal combustion.
In this work, two kinds of typical Zhundong coal are selected, namely, ZD-1 and ZD-2. The pulverized coal is
burned in an electrical heated drop—tube furnace with different temperature (1273 K, 1373 K, and 1473 K). The
mass size distribution and concentration of the particulates are analyzed by low pressure impactor (LPI), and
compositions are determined by energy dispersive spectrometry (EDS). The results indicate that the amounts of PM,
produced by the submicron particles gradually decreases with increasing the reaction temperature. The size of PM,
shifts to a smaller size. The formation of PM, is mainly affected by mineral elements such as Na and S. As the
temperature increased, the relative contents of Na and S decreases in PM, and the relative contents of Ca, Fe and Si
increase. The mass concentrations of Na and S in the collected particles depend upon the particle size, which are
proportional to 1/D) for the particle sizes less than 0.4 pm. The PM, formation characteristics are mainly affected by

the homogeneous nucleation and heterogeneous condensation of high concentrations of mineral elements, and the
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interaction between mineral elements with intermediate products during combustion. Active sites of oxygen formed

by silicon—aluminum oxides at high temperature can efficiently capture Na vapor, thereby inhibiting PM, formation.

This is one of the main reasons for the reduction of PM, at higher temperature.
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Table 1 Proximate and ultimate analyses of coal samples
- Tl 53H/% (mass,ad) JGE I M 1% (mass,ad)
[215]
M A v FC H 0 N S Cl
ZD-1 14.1 10.08 26.22 49.6 58.36 2.12 13.26 0.41 1.34 0.11
ZD-2 7.98 8.12 23.44 60.4 65.5 2.79 14.03 0.13 0.96 0.33

®2 BEHERRS
Table 2  Ash analyses of coal samples/%

PERY Si0, ALO, Fe,0, CaO MgO TiO, SO, P,0; K,0 Na,0

ZD-1 13.61 5.86 14.33 25.66 3.94 0.44 29.18 0.24 0.58 5.78
ZD-2 25.03 15.63 4.32 21.28 4.27 0.33 22.64 0.36 0.56 4.72

xR3 BIRTHA D
Table 3  Ash analyses of kaolin/%

Si0, ALO, Fe,0, Ca0 MgO TiO, S0, P,0, K,0 Na0

51.84 45.73 <0.01 0.22 0.69 <0.01 1.8 <0.01 0.67 0.69
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Fig.1 Schematic diagram of high temperature drop tube furnace
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Fig.2 Particle size distributions of PM from combustion of ZD—1 and ZD-2 at different temperature
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Fig.4 Particle size distributions of PM, from combustion of ZD—1 and ZD-2 at different sampling temperature
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Fig.5 Elements compositions of PM, at different temperature
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Fig.6  Composition size distribution of PM, generated from combustion of ZD—-1 and ZD-2
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Fig.7 Adsorption mechanism of sodium by kaolin
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Fig.8 Particle size distributions of ZD—1 and ZD-2 with kaolin addition in different temperature
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