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Effect of density fractionation on formation characteristics of
particulate matter during coal combustion

LIU Xiaowei, YAO Hong, CAI Youmin, YU Dunxi, ZHOU Ke, XU Minghou
(State Key Laboratory of Coal Combustion, Huazhong University of Science and Technology » Wuhan 430074, Hubei, China)

Abstract; A Chinese bituminous coal was firstly separated into three density fractions, heavy (=>2.0 g -
m °), medium (1.4—2.0 g+ ecm *) and light (<{1.4 g+ cm *) by using the float-sink method. Next,
the combustion and pyrolysis of each density fraction were carried out in a laboratory-scale drop tube
furnace to understand the emission, elemental composition and formation mechanism of inhalable
particulate matter (PM,,) .PM,, was collected with a 13 stages low pressure impactor (LLPI) having
aerodynamic cut-off diameter ranging from 10.0 pm to 0.03 um for a size-segregated collection. The
experimental results indicated that density affected PM,, emission significantly in combustion, and
decreasing coal density led to the formation of more PM,,. The mineral particle size of the light fraction was
the smallest and that of the heavy fraction was the largest. The swelling ratio, total pore volume and BET
surface area of char produced from each fraction were different. Those from the light fraction were the
largest and those from the heavy fraction were the smallest. The elemental composition of PM,, collected
from each density fraction had the same trend. In the submicron particulate matter (PM,): element S+
alkali metals + others > refractory metals; in the supermicron particulate matter (PM, ,,): the mass

percent of refractory metals were greater than 80% and exceeded other three types of element.
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Table 1 Proximate analysis
Coal Va/ % A/ %% FCy/ %
C1 27.33 4. 34 68.33
C2 21. 37 28.92 49. 71
C3 16.53 79. 48 3.99
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Table 2 Ultimate analysis
Coal C/% H/% N/ % (S+0)/%
C1 81. 33 5.41 1. 42 7.50
C2 56. 10 3.19 0.93 10. 86
C3 6. 65 0. 49 0.19 13.19
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Fig. 1 Particle size distribution of PM,,

2.2 FEEZEX PM, HMEK N

3 g B B R be S5 PM, AT PML i 4 B K
TR B 2 TR . MO K R E L
s K R (>10.0 pm) F1 LPT o 50K 9y 5
(<<10. 0 pm) ZF, MEHATLUE H . /N3
o) BURL ) 1 T R DTk B, R IR,
JE s

HERIE U A AR U T — R S5
I BN R 1 X — G I P A DA LS

(1) /NG B UG i &5 0 ) S ) kLA Jie /s o v
JERZ, B, K 3 Al IR TR R
ACIRAG G+ 8GR B ASC I 3t JHC U L B 3 A

XU/NFR S - HEAD 2 T X MR Ao 2 e S0 ) 08 J80R 12 1) 2 el « 2569 -
46
v pm,

447 W XY PM;
12F

K107

=

L2 8t

=

Z of
4t
2t §
0 e SSSSY

Cl C2 C3

2 PM, Al PMy, o B4 JK 5 43 3K
Fig. 2 Mass percentage of PM, and

PM,, of collected ash
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Fig. 3 Particle size distribution of mineral
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Fig. 4 Particle size distribution of raw coal
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Table 3 BET surface area and total pore volume of char

Pore volume BET surface area

Char Jem e g1 Jm? e gl
C1 0.023 9.12
C2 0.016 6. 37
C3 0. 007 1. 06
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