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Abstract

The physico-chemical characteristics and nanostructure of the aerosol samples from a coal-fired power plant, a

charcoal kiln and diesel vehicles were investigated with focusing on black carbon (BC). Aerosols from the coal-

fired power plant were mostly comprised of mineral ash spheres which are heterogeneously mixed. The main

components of the aerosols from coal-fired power plant were calcium compounds, iron oxide, alumino-silicate

without BC. The typical combustion-generated BC which shows the shape of bunch of grapes with 20~50 nm

particles which were detected in aerosol particles from diesel vehicles. The nanostructure of each BC particle

shows the shape of concentric circles which is comprised of closely-packed graphene layers. Aerosols from

charcoal kiln were likely condensed organic carbon generated from the low-temperature combustion process.

Key words : BC emission sources, Morphology analysis, BC nanostructure, Coal-fired power plant, Charcoal kiln,

Diesel vehicles
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Fig. 1. Sampling targets and sampler: (a) Coal-fired power plant, (b) Charcoal kiln, (c) Tunnel, and (d) Sampler

developed in this study for tunnel measurement.

Table 1. Emission source characteristics.

Combustion condition

Emission sources Fuel Sampling in this study
Temperature Pressure
Coal-fired power plant (Subbituil(i)zgus coal) 1,200~ 1,300°C Normal pressure Stafliyﬂ?lsehgas
Charcoal kiln Wood (Oak) Maximum 800°C Normal pressure Stack flue gas
Diesel vehicle Diesel ~2,000°C High pressure Tunnel sampling
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7] 1,200~ 1,300°CE2A] AMet 74 A& o} o = 3k
& 2x7b gk Apels} Qloh B ATl AE ofdA g uilE e d@AE SAshe W=l e
2E F 82 ARSkE saT)dA 54 R 2 A FHAS o8-8k WS BdelA S48t
Aok Asle MAat duRleA Aol BgE & wyel ok A FHAE olgehe W 5
A @) del 24 ARE o) olele dEAY A Aee) eqBAe AW SV S A
WEdezA, da F wEEe wWr7kafue gas) W, AAS] FAEE TMAT FYRse w2y
Azt A BIAbA (fly ash) Al 85 A8 7] wlgell AAlehs ofzbe] zbelrt Sl& 4 dlHe
e ARt QEel AT ST £ ATAN A Aol ek olel ws HEEA e AAHa
W S A AAFoeA AR FU8l TR SAE] Ul F o BAH A=

= 7|8 38352 A 294 A2 %



AMeksty A, g7ho), A AR A Wl &5 Black Carbon®] £2]313h4 543 A3 155
T 2% & U Al e v, 54 AFEAE 1.598m, ¥o] Tm, F 8.6m¥E 2o 7AH
EAQ A e 54 debshks Wzt & Hdoln =4 8l Ak Ateld] 324 OA 2}
A ek 2 AFelME AA dazAdeAe] AF el we] H: Eldelr] ] 9 kel o
WEdo] AT hAtelme i Al 7o) Qlriel  FFo] w2 ez sk
= AA FPAEE S8 YA e AE
atdek A B AV dekA g e 2.2 £y 1Y
of S1A = EdE AAsAed, Bl 2ol gz AR 97193 AR 7] el

ofd d¥ Fro g HuEHE By W 9 ¢
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Fig. 2. Schematics of sampling device developed in this study for charcoal kiln measurement. The basic schematics
are same for coal-fired power plant and tunnel measurements except the retrofit of inlet air system. The
application of hot wire was made to prevent the abrupt vapor condensation caused by temperature difference
between emission source and sampler.
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Fig. 3. SEM images of aerosols emitted from (a) flue gas of coal-fired power plant, (b) fly ash of coal-fired power plant,

(c) diesel vehicle, and (d) charcoal kiln.
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Fig. 4. SEM images showing the heterogeneous inter-mixing state of minerals from (a) flue gas samples and (b) fly ash

samples of coal-fired power plant.

TEMe| 335 EDX 4wl & olgsto] chokdt 87
= 74T YA AR b B4 BAsknh

2 ds5el & wiE R EH &
S b A w77k A
A4 ¥ARY Alg, HA A el 7] 7}
A=, €71} w717k A|29] SEM 24 Axs

vl sl (™ 3).

Aeiste i 4 w7)7kse] A9 719 djRRe]
27 2 um ”]“]'v/] “L% T AR A= e
whd, wjAbl A|2e] AH9E wekst 2719 3 o
2te} oheFat e Xg“é‘ PAE FAH e
w2 A um o Z71¢] wig- 2 dRtE A
ZHAUTHEF 3a,b). WAHAE A B HEH T
3JAF=2 32 mineral asho]t}. M-S g 47}
7Fsdt 7] AEE3 o5k $714 & (inorganic
mineral) ARBE2 FAIE o] gl=d], Mt s
o] APAQl Ai =M F7] AEES A4t H
Ak Al 49 FE(mineral) AES2 Ak3lE] 7 B
| =o] Folgitirl da F e W7 AAE 53
73 2] mineral ashZ 3AsHA] == 7 o|o} (Kutchko
and Kim, 2006). 733 ¢] mineral ashZ a2 nm
@H 4, s wf7)7hse) vkl Als B A

o
o
&
1
o
)

I

S 2 Fe

2.00 4.00 6.00 8.00

Fig. 5. TEM-EDX analysis result for fly ash sample of coal-
fired power plant.
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Fig. 6. Typical soot formation mechanism. The upper process explains the BC formation, while BC formation is hardly
occur during the lower process since the combustion temperature is too low. Instead, OC is mainly generated
through the lower process. The typical nanostructure of BC which is generated by combustion process is shown

in the lower left corner of the figure (Park, 2011).

Table 3. Size distribution of particles collected at a coal-fired power plant, diesel vehicles, and charcoal kiln.

Emission sources <1lum 1~2.5um 2.5~10wm >10 um
Flue gas 88.5% 11.5% - -
Coal-fired power plant Fly ash 55.1% 34.6% 6.4% 3.9%
Diesel vehicle 100% - - -
Charcoal kiln - - 100% -
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Fig. 7. Nanostructure of aerosols by HR-TEM: (a), (b) carbon black as a reference material, (c), (d) diesel vehicle
sample, and (e), (f) flue gas sample of coal-fired power plant.
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