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Abstract : Fine dust emitted from coal combustion is classified into filterable particulate matter (FPM) and condensable
particulate matter (CPM). CPM is difficult to control with existing air pollution control devices, so research is being conducted to
understand the characteristics of CPM. Components constituting condensable particulate matter (CPM) are divided into inorganic
and organic components. There are many quantitative analysis results for the ionic components, which account for a significant
proportion of the CPM inorganic components, but little is known about the organic components. Thus, there is a need for a
quantitative analysis of CPM organic components. In this study, aromatic hydrocarbons (toluene, ethyl benzene, m,p-xylene, and
o-xylene) and n-alkanes with 10 to 30 carbon atoms were quantitatively analyzed to understand the organic components of CPM
emitted from a lab-scale coal combustor. Of the aromatic hydrocarbons, toluene accounted for 1.03% of the CPM organic
components. On the other hand, the contents of ethyl benzene, m,p-xylene, and o-xylene showed low values of 0.11%, 0.18%,
and 0.51% on average, respectively. Among the n-alkanes, triacontane (Cso) showed a high content of 2.64% and decane (Cio)
showed a content of 2.05%. The next highest contents were shown with dodecane (C;»), tetradecane (C,4), and heptacosane (Cs7),
all of which were higher than that of toluene. The n-alkane substances that had detectable concentrations showed higher contents
than ethyl benzene, m,p-xylene, and o-xylene except for tetracosane (Ca4).
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Figure 1. Experimental system.
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Figure 2. Summary of CPM analysis.

Table 1. Summary of GC-FID analysis conditions

Column DB-624UI, 30 m(L)*0.25 mm(I.D.)x1.4 um(F.D.)
Run time 22 min
Oven Temperature 50°C (7 min) —80°C — 150°C
Temperature programing 5°C/min, 10°C/min
Aromatic Spilt ratio 1:5
hydrocarbon Carrier gas (Flow) He 99.999%(2 mL/min)
Air 300 mL/min
Injector parameter 35 mL/min
Temperature 230°C
Detecter temperature 250°C
Column VF-17ms, 30 m(L)*0.25 mm(I.D.)x0.25 um(F.D.)
Run time 40 min
Oven Temperature 40°C (5 min) — 300°C(6 min)
Temperature programing 10°C/min
n-Alkane Spilt ratio 1:5
(Ci0-C30) Carrier gas (Flow) He 99.999% (0.8 mL/min)
Air 300 mL/min
Injector parameter 35 mL/min
Temperature 300°C
Detecter temperature 330°C
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Table 2. Analysis for standard solutions

Component S.D. D.L. L.0.Q
Toluene 0.4531 1.42 4.53
Aromatic Ethyl benzene 0.2398 0.75 2.40
hydrocarbon m,p-Xylene 0.4131 1.30 4.13
o-Xylene 0.3989 1.25 3.99
Decane(Cio) 0.1362 0.43 1.36
Undecane(Cy;) 0.1659 0.52 1.66
Dodecane(Cyy) 0.3749 1.18 3.75
Tridecane(C3) 0.2026 0.64 2.03
Tetradecane(C,4) 0.1168 0.37 1.17
Pentadecane(Cs) 0.3256 1.02 3.26
Hexadecane(Cje) 0.2855 0.90 2.86
Heptadecane(C;7) 0.0430 0.14 0.43
Octadecane(Cs) 0.1640 0.51 1.64
Nonadecane(C,9) 0.1445 0.45 1.44
n-Alkane Eicosane(Cyp) 0.2380 0.75 2.38
Henicosane(C,;) 0.1905 0.60 1.90
Docosane(Cy) 0.1656 0.52 1.66
Tricosane(Ca3) 0.0945 0.30 0.94
Tetracosane(Cas) 0.1366 0.43 1.37
Pentacosane(Css) 0.2666 0.84 2.67
Hexacosane(Cag) 0.1484 0.47 1.48
Heptacosane(Cy7) 0.1841 0.58 1.84
Octacosane(Cas) 0.1089 0.34 1.09
Nonacosane(Cag) 0.1236 0.39 1.24
Triacontane(Cs) 0.2849 0.89 2.85

*S.D.: Standard Deviation, D.L.: Detection limit, L.O.Q: Limit of quantification
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Table 3. Calibration results for the standard solutions of aromatic
hydrocarbons and n-alkanes

Retention time

Compounds (min) R’
Toluene 12.42 0.9989
Aromatic Ethylbenzene 16.47 0.9991
hydrocarbon m,p-Xylene 16.75 0.9986
o-Xylene 17.57 0.9968
Decane(Cy) 9.71 0.9936
Undecane(C;;) 11.62 0.9926
Dodecane(C,,) 13.27 0.9933
Tridecane(Ci3) 14.74 0.9955
Tetradecane(C4) 16.10 0.9949
Pentadecane(C;s) 17.37 0.9969
Hexadecane(Cje) 18.57 0.9903
Heptadecane(C,7) 19.70 0.9907
Octadecane(Cs) 20.78 0.9931
Nonadecane(C,9) 21.80 0.9948
N-alkane Eicosane(Cyp) 22.78 0.9957
Henicosane(C,)) 23.71 0.9945
Docosane(Cs,) 24.60 0.9949
Tricosane(Ca3) 25.46 0.9958
Tetracosane(Cy4) 26.29 0.9961
Pentacosane(Cas) 27.08 0.9960
Hexacosane(Cxg) 27.84 0.9965
Heptacosane(Cy7) 28.57 0.9962
Octacosane(Cas) 29.29 0.9974
Nonacosane(Cyo) 29.97 0.9961
Triacontane(Cs) 30.63 0.9990
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(Cs0), decane(Cyo), dodecane(Cip) EOIA FAEHES B3l
AFERE Edof sfgrtth24]. 1 29 BAEEA 4

Concentration

CPM (mg/Nm’) Component Portion(%)
Toluene 1.03+0.04
Aromatic Ethyl benzene 0.11£0.02
hydrocarbon m,p-Xylene 0.18+0.03 1.83+0.09
0-Xylene 0.51+0.05
Decane(Cyg) 2.05+0.24
Undecane(Cy;) N.D.
Dodecane(C),) 1.68+0.10
Tridecane(C,3) 0.83+0.11
Tetradecane(C,4) 1.31£0.13
Pentadecane(Cs) N.D.
Hexadecane(Ci4) 0.61£0.10
CPM Heptadecane(C,7) N.D.
organic 4.2+0.3 Octadecane(Cis) N.D.
Nonadecane(Cjo) N.D.
N-alkane Eicosane(Cyp) N.D. 13.33+1.01
Henicosane(Cs;) N.D.
Docosane(Cy,) N.D.
Tricosane(Cas) N.D.
Tetracosane(Cps) 0.49+0.09
Pentacosane(Css) 0.72+0.12
Hexacosane(Cae) 0.65+0.11
Heptacosane(Cs7) 1.12+0.17
Octacosane(Css) 0.61+0.13
Nonacosane(Cyo) 0.63+0.13
Triacontane(Csp) 2.64+0.31
CPM 28.8+1.1

inorganic
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Nomenclature

FPM: filterable particulate matter

CPM: condensable particulate matter

TPM: total particulate matter

LLT-ESP: low-low temperature electrostatic precipitation
WFGD: wet flue gas desulfurization

WESP: wet electrostatic precipitation

BH: bag house
SCR: selective catalytic reduction

FID: flame ionization detector
N.D.: not detected
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