ISSN 1738-8716(Print)

ISSN 2287-8130(Online)

Particle and Aerosol Research

Part. Aerosol Res. Vol. 18, No. 3: September 2022 pp. 69-77
http://dx.doi.org/10.11629/jpaar.2022.18.3.069

O|ME-CISRE 3[4 MUSEI ELPIE 0|8t MEtsi=UTA HiS

O|MHX|Q] UK} T7[0| M2 M2 2A

MEs s oy g-z2280-2a2? 27180108 -5 gy 5T
Ve AAT Y AL BAATA
vl A f et 7] A5 8t

V3tsr) A sk At st $H el %) 7] Al 5 8t

2022\ 42 129 F31, 2022 7€ 139 4, 2022 72 179 AAEA)

Elemental components analysis according to the size of fine
particles emitted from a coal-fired power plant using an
ejector-porous tube dilution sampling and ELPI
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Abstract

In order to understand the characteristics of fine particles emitted from coal-fired power plant stacks, it is important
to analyze the size distribution and components of particles. In this study, particle size distributions were measured
using the ejector-porous tube dilution device and an ELPI system at a stack in a coal-fired power plant. Main
elemental components of particles in each size interval were also identified through TEM-EDS analysis for the
particles collected in each ELPI stage.

Particle size distributions based on number and mass were analyzed with component distributions from 0.006 to 10 x
m. The highest number concentration was about 0.01 x#m. The main component of the particles consisted of sulfur,
which indicated that sulfate aerosols were generated by gas-to-particle conversion of SO2. In a mass size distribution,
a mono-modal distribution with a mode diameter of about 2 xm was shown. For the components of PM1.0 (particles
less than 1 sz m), the abundance order was F > Mg > S > Ca, and however, for the components of PM10 (particles
less than 10 g m), it was in the order of Fe > S > Ca > Mg. The elemental components by particle size were

confirmed.
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Al ier Qi Addow dy] F vAY
A SE7F mokAWA INIEe] s flEsta
S ThLee et al, 2011). "]AAXE WHOIA 13
A EAR AR 35715 T FAFsto] ¥
Ay g7 HAE 33Tt (Kavouras and
Chalbot, 2017; Peng et al., 2009). 53] 4] gs}zd
A =ul mAaA e Fo ddes w3|a
Slt} (Saarnio et al., 2014; Zheng et al., 2017). ©]el
AT MEzIdH]EES v}
(Telemonitoring System)& &3 2z 2
sk Itk (Ju and Youn, 2019).
Q7@ EdZE dEYol, datstda, dAshra,
SAkslE, AartsE, BA%HE T 6719 ThA
17he] A E4o] S
A& A BAEE 7Y E

de Fetel] AAAAE A
Gt o). AelA FHuo -9 (Selective
catalytic reduction) X| (Forzatti, 2001)5 &3l A4
abelE& A713 21 7] (Electrostatic
precipitator)E &3 WAE F X183 (Pudasainee et
al., 2012), BlAE3FX] (Flue Gas Desulfurization):=
Pabgw 9 8 kA BEAE Adee 9%
ST} (Cordoba, 2015). A&7FAE o] 3t A7H%
EAX F 55 33 U] Fox viEdh

o8 WL AL e A

fl

o R
B

AR Azel
AEoR FAH u RHor A 74
Aol whet debdch =8 A4 Al S of

2] 7FA] @del QsiA Ak A7) 9 AdRe] A
AEA Ak 1990;
Ninomiya et al., 2004; Yoo et al., 2005). 2 & A4
A S A BadA, B, Aae, A

(Kauppinen and Pakkanen,

7 QA ole AR A Fow BR 4
QA A HAUEE vu@Te G2, Ae 5
A, ME R S, B840 FWeE 3
H ushl 249 A8 ol Aok ol g @

Aske Ak 1ol dEtAAl #rh af gk
%o A= Ak U F40] adE YArgst
ZAOE 1 o] gAE FATT Xu et
al., 2011).
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HAE FAsE P T BRI E A
E3lA A A7 8 A 2
Heh S#¥HE % = 7FsatAT A
PM,s, PM;p%F TEskal 9lat, 7z} §ixk =7]e w
2 458S g8 & = 8luh (Park et al, 2018;
Youn et al., 2017). TMSHH & 4% AAI7F ;9
AA sEe & AAT AAL] A7) gk A

BES & 5 vk 2%ddA wlEEs vAwA

Aae SYL FAs) AR A =27
WE SRS S4aw, 27 4 AAE Bl
HEAA BAeE o] Bastth J1Ee] Aws
Pus #FEelA e QAHE Agete] 974
2 ZAse]l 27 4 AREANS ST ATE
wol EASAL Ytk AW Y AFES W 1}
wvl] o)l Qo] HlEA ATE SR
I, AR BE A vheole 999 g
A 59w BAe A oo AX Wtk

(Coles et al., 1979; Gladney et al., 1976; McElroy et
al., 1982; Saarnio et al., 2014).

B A7elAs A7lo]l el Az o]AE-th
SHEY 84 AMZY A (Shin et al, 2019a)9}
Electrical Impactor  (ELPI+, Dekati,
Finland) 17} 715715 AR&ato] st =5l

Low Pressure

A MEEE mAEA e g 274 e sEE &
4313 aL, dld A9 Cascade Impactor®] Z} whel 3
¥ wAAAE  Transmission electron microscope

(TEM)-Energy dispersive X-ray spectroscopy (EDS) 2]
2 Fal /198 2 YA BES BAs:

Aest s S5y} go] A&, v, AfH
FReAE Al d7] mAwEA 5% gHE
t 4 o) oyth £ AFex ol AE-
U3 REE AR (Shin et al, 2019b)E AFg-3}
o] A= AMET s, Aol U A9 1
H 1ol AAE] BAReRITh HEEE w7 7EA Y
7A% 2E Astel o 42 FHS =] flE
Zg 3B LS 200°CE 7tdste] A )
el 2EE FAANA FA o] AHdM = GEF
715 FHte] IAE MEHsE @S sk
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Figure 1 Schematic of particle measurement system using a developed dilution system and ELPI in the

coal—fired power plant stack
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Table 1 Particle sizes separated for ELPI stages
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Particle size (um) Particle size (um)
Stage 1 0.01-0.02 Stage 5 0.10-0.17
Stage 2 0.02-0.03 Stage 6 0.17-0.26
Stage 3 0.03-0.06 Stage 7 0.26-0.40
Stage 4 0.06-0.10 Stage & 0.40-0.64

Particle size (um) Particle size (um)
Stage 9 0.64-0.99 Stage 13 3.97-6.69
Stage 10 0.99-161 Stage 14 6.69-10.2
Stage 11 1.61-246
Stage 12 246-397
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Table 2 Weight% of each component (F, Na, Mg, Si, S, K, Ca, Ti, Fe, Cu, other) for ELPI| stages

F Ma Mg Si S K Ca Ti Fe Cu Other
Stage 1 0.0 0.0 0.0 63.7 36.3 0.0 0.0 0.0 0.0 0.0 0.0
Stage 2 0.0 0.0 0.0 79.8 20.2 0.0 0.0 0.0 0.0 0.0 0.0
Stage 3 0.0 0.0 0.0 78.0 22.0 0.0 0.0 0.0 0.0 0.0 0.0
Stage 4 0.0 0.0 0.0 43.0 52.0 0.0 0.0 0.0 0.0 0.0 0.0
Stage 5 0.0 0.0 3.5 309 18.6 0.0 7.2 0.4 2.2 36.4 0.9
Stage 6 11.8 1.2 12.7 11.6 19.2 0.5 5.1 0.2 1.4 34.7 1.6
Stage 7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5.9 824 11.8
Stage 8 20.2 1.9 16.2 329 10,1 1.6 39 1.1 11.8 0.0 0.4
Stage 9 24.1 2.0 13.1 24.1 11.8 1.6 11.0 3.0 5.4 0.0 3.8
Stage 10 0.0 0.0 74 28.2 28.5 1.4 24.2 0.0 10.2 0.0 0.0
Stage 11 43 1.4 59 56.3 6.0 2.7 4.8 2.1 13.9 0.0 2.6
Stage 12 0.0 0.0 55 63.0 5.6 3.0 2.8 2.1 104 0.0 74
Stage 13 0.0 1.4 5.5 47.5 12.8 2.3 1.2 0.7 11.0 16.3 1.3
Stage 14 0.0 29 4.3 41.4 13.6 3.4 3.3 0.4 8.4 19.5 0.9
718 Yeda gtk 2 AFeE 7 A o) A]n} T 78 ARolr] witeltth g 0.1 mm o]st ¢
o TEM grids 7o ¥X3¥ 1A TEM-EDS + Al(ultrafine particle, PMO.1)lA % Si Adto] vl
e Fa AAe =)ol wE g 9 AT o7 Yehsd ol ME Aa Al Mg i
Bk oyl F5OA wWiEE dxte] #4924 H Sioy7h AA Fstel 5o g3 A YA
NS Sl st AEYS SR8 W@ 2 A Yehdr] bEo]th(Xu et al., 2014).
< %Y dAE E2HS] Hste] oF 4xzE FE 19 2% ELPIE B3l Aestgdds 504
AL 4 s, olw ELPIY) FYFFS 9.8 W &= = uq;qg A 271 o e 9 A
L/min ©]th FEZ YERd § TEM-EDS 245 &3 4
A BEE YeERd g Zolth FH548E2 Oy
W AMERE dEHE R HAARE o7 E 5%
3. Alsizdnt A4 A2 2243519t} (Saarnio et al., 2014; Yoo
et al, 2005). 2% 2@ A A7 @2 A
Mg Ao o8 HlEHE dihs Arh FTEE YEhdth MgsE BEE WA 2o
oA AR FAHE AA"d o AR 2]l 0.01-0.02 ym A 1.0x10° #ei= 7Hg EL
2 A7Re Augydda SN wWEEe FEE et ¢ Yxrg 2719 g 54
J2HE 4kl =7 MR 5435, ©]F PMas, e F5 A 7tA A B4 AN Y
PM, 0.2 @Aikstdl oF 3, 5 mg/NmE HEhf it S5 HFUZ g3l gAstE S4o] | Ao
&2 7F AEHOlHOlM EDSE FEll SHE 4R 24 si QRS AL dipE SS)dEel o)
A A% wEe YEhia vk # A7 a4 0 $% g4E Zow teby
Y2+ F, Na, Mg, Si, S, K, Ca, Ti, Fe, Cu ¥ 1 I8 2b)E YA IV BE A TS e
9l daesel dsll desith 09 BS EE 3 Aot dY aHEE 2= F Ao 2 mE o
Al Al o HEE U, ole iy 49 At d 2=E el 9tk 28 2@9 -4 G
E FHEHE " 7] e e 24sksd Al wulE] 9z doluli= g thorel AR Rxs
Qakt) Si Aty AEHo| R oA s VERY 3 9lth A%e] F9l 74 K, Mg, Na, Ca®l
=2 HE&E YEelgth ol& Sivt fly ashs A5
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Figure 2 The elemental compositon of particles as a
function of particle size from coal fired power
plant stack. (a) is number concentration and
(b) is mass concentration

udlg 9 Fes} Z2 % Aol SHHAL F
FRUF)Z A8 dx Al gt i YW
EFedo] 7k e E HAsy ol diF-F HF
9 L Bl m& F v EFFEo|h £
Agt Adx Al FHASEES (e, CaO, Fe0s,
ALO; and MgO)°] TAst=t], o9 &2 FHAF

g=Fel 7taAe] EF9WA HEEEte]  CaF,
MgF,, FeFs, AlF;9} 72 insoluble fluorideE A4
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0.5-3.13 ym AEO]X A ZFo ¥ o] HAFE
ATk

gE 7)E A 9 54 A3E A9 EdE 03
A 10 m7bA o] fdelS RAdR Y Thed
optical counter (OPC, 1.109,
Germany)Z S S o AFFE X7} o5 B
= (bi-modal) ¥¥E UYERAII, o]lwl  mode
diameter’} 0.6 ym, 2.5 ym 2 YEFSTE (Shin et al.,

i

s

particle Grimm,

2022). A RE B AP Ao ELPIE E3 =3
sk }izte] AT X+ GU RS (mono-modal)
Z Yebg olw] mode diameter:= ©F 2 pme]th.
o] ELPIY 7% 0.006 imollA 10 mme wj-$- W2
A JAEs 4AERE EFs] Sgstown F
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Figure 3 Analyzed elemental composition of PM1.0(a)
and PM10(b) from exhaust particle in the
coal fired power plant stack
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