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A Study on the Change of Condensable Particulate Matter by the
SO, Concentration among Combustion Gases
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Abstract Particulate matter (PM) emitted from fossil fuel-combustion facilities can be classified as either filterable or
condensable PM. The U.S. Environmental Protection Agency (EPA) defined condensable PM as material that is in the phase of
vapor at the stack temperature of the sampling location which condenses, reacts upon cooling and dilution in the ambient air
to form solid or liquid in a few second after the discharge from the stack. Condensable PM passed through the filter media
and it is typically ignored. But condensable PM was defined as a component of primary PM. This study investigates the
change of condensable PM according to the variation in the sulfur dioxide of combustion gas. Domestic oil boilers were used
as the source of emission (SO,) and the level of SO, concentration (0, 50, 80, and 120 ppm) was adjusted by diluting general
light oil and marine gas oil (MGO) that contains sulfur less than 0.5%. Condensable PM was measured as 2.72, 6.10, 8.38, and
13.34 mg/m* when SO, concentration in combustion gas were 0, 50, 80, and 120 ppm respectively. The condensable PM
tended to increase as the concentration of SO, increased. Some of the gaseous air pollutants emitted from the stack should
be considered precursors of condensable PM. The gas phase pollutants which converted into condensable PM should
reduced for condensable PM control.

Key words: Condensable particulate matter, Filterable particulate matter, Cold impinger method, Precursor, SO,, VOCs
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7] %9] HXZ](PM, Particulate Matter)~= 14 LFuatol A= 20158 75 W] 7|y 7=
WA oA A Bl EHAUY HE 7Y & 5ol PM,; (Y% 50 um/m’®, BT 25 um/m’)E
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g %Oﬂ/‘i—r‘ﬂ 214 Wl&%]+= 12} (Primary) HXA]
= o] A Z] (FPM; Filterable Particulate Matter) 2}
S/ Z] (CPM; Condensable Particulate Matter) =
25 TH(Gong et dl, 2016). AIHIHA] (FPM)+= 2
) (Filter Media)©ll 2217/ £70]e, 7] 2 @22
gl e &S 8715 BB Ao 8
A% 7 23upEe Tejshd onbguAe] s
TH(MOE, 2018; NIER, 2016a, b). TetA] &<k 7
w0} Abgshe ol FRo WAIE Ak tirle
YA (AHR7], 7‘47]7“7‘171 S A
A o] A[A Rt 24 o] BHEolA QL

S=4HA(CPM)E AdHE e dvEd
olsg & l=dl, FHMA A7I7F =5 Hfo =z H
SHU 25 FHNA wE AT (Ex) Sl 34

=R o tigt A= 1987700 7|27
T (NAAQS, Natonal Ambient Air Quality Standards)
| PM,, @52 Adsto] et n=s SHoR
1983 d7-H o] FoFth. ti7] F-2] PM,, T E 9150
A w29 A7 Bestgen, olg se) e
=5%9] PM,, S (US.EPA method 201, 201A-%]
WA SRS 19900 sl EoE, =
=M BiEEE 7H (Vapor) o] 550 ¥
A7} Bl Ak wEshr] §iste] %% 2]
Shi= HH (U.S.EPA method 202--3-5/d 4]
I 1991 ] 75T T (Corio and Sherwell, 2000).

FZoll= vl=, ‘?:_‘l:‘;?f ofue} ti7] & mIAIH A7}
E2 oo SR TSt e A=
o] MY oyt opze x|t ddH
(Wang et al., 2018; Yang et al., 2018, 2014; Li et al., 2017;
Gong etal., 2016; Kogure etal., 1997).
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(Vapor) FH19] EHE2 w4 (Homogeneous) &2 oW, SAAF A2 F/E J2lotH 1 ui&o|
279 (Heterogeneous) 932 Foko] 14| 52 o) A¥s| g zlo 2 AL gk B g o] $54
A 7Ele] = (Aerosol) = WM, 1 7= i WA T d4e S Bt A HiE s
2o pM,, 0] FElE EAe Zlojety Btk o] wlelsh Aol SR Heldolut Telo]
oot B S54RI ool B ZACIH w g A7 REG A0 weiEd,
E AR ol EAE7] iZe] 13 fA = ZAZ] 2 AE daAdA TS S0, =S
Tt (Feng et al, 2018; Cano et al, 2017; US. EPA, 2016; TS 354 WA 52| HAZLE Tetstr] flste] K
Corio and Sherwell, 2000). AdHE AP AA|5t9 et a7l A4 2L
Table 1. Previous studies of CPM.
Source FPM (mg/m?®) CPM (mg/m?) APCD Measurement method Reference
19.3+2.94 27.2+3.49 EP U.S.EPA 201A, 202 Yang etal., 2018
Coal-fired 0.65 2,61 SCR, EP, FGD U.S.EPA 201A, 202 Gong etal., 2016
power plant 0.75 2.15 EP, FGD U.S.EPA 201A, 202 Yang etal., 2014
1.6 7.9 SCR, EP, FGD, w-EP 15023210, U.S.EPA202 Lietal, 2017
Boiler 16.9 293 EP U.S. EPA 201A, 202 Yang etal., 2014
Cement plant 0.02 11.68 Baghouse U.S. EPA 201A, 202 Gong etal., 2016
Incinerator 0.15 0.17 BF, AB U.S.EPA 201A, 202 Yang etal., 2014
0.87+0.10 19.04+3.67 SNCR, FGD, AC, BF U.S.EPA 201A, 202 Wang etal., 2018
Arc furnace 2.12 2.53 BF U.S. EPA 201A, 202 Yang etal., 2014

APCD; Air Pollution Control Device, EP; Electrostatic Precipitator, FGD; Flue Gas Desulfurization, BF; Bag Filter, AB; Absorption system, SNCR; Selected non-

catalytic reduction, AC; Activated Carbon w-EP; wet Electrostatic Precipitator
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(After sampling for cleaning CPM measuring device)

Fig. 1. Experimental setup to measure condensable PM of the small size boiler system.

Table 2. Basic parameter and measuring item in the boiler system.

Boiler type

Fuel

Capacity Measurement items

Pressure atomizing  Light oil, Marine gas oil, Combination of both  2.18 L/hr  CPM, FPM, SO,, NO,, CO, VOC, O,, H,0, Temperature
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England et al., 2000).
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Stal Q1T (Feng et al., 2018; Li et al., 2017; Yang et al.,
2015; England et al., 2007; Corio and Sherwell, 2000).
S o] ZAIS 3792 Gong et al. (2016)2] =&
oA ANTIHLR, B AT-0] 2T} BAE ofo]
Z3tel AN,

ozAmME 245 o2 wdol 54y

(Dilution Sampling Method)2 3] == 7] (Plume)

©

SolA] QIzro] S AT o] w2 of2ojx]w, o]
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L oD (Lee, 2010), o] 242 1T 54
FA2 ZHF oot AT AL F uF

(California Institute of Technology, Desert Research
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Fig. 2. The concentration of gases in accordance with SO,.

Table 3. CPM and FPM concentration in accordance with
50,

SO, concentration CPM (mg/m?) FPM
(ppm) Sum  Onfilter Condensate (mg/m’)

0 Avg. 2.72 0.01 2.70 0.16

SD. 1.10 0.00 1.10 0.07

50 Avg. 6.10 0.03 6.07 0.19

SD. 3.36 0.01 3.36 0.09

30 Avg. 8.38 0.04 8.34 0.40

SD. 5.49 0.03 5.50 0.02

120 Avg. 13.34 0.23 13.10 0.25

SD. 1.21 0.01 1.22 0.12

44,6.2,7.1,10.7ppm OS2 Z7FSF Z1 0 2 LFERGE
1AL 50,9 FEE 25} 94611 *d‘i*% A
[e)

>.

1, o]o]l w2t Thermal NO,7} 7] A% 7] wj&o]
gt Atz Eh VOC 527t ol AR o|9} e
ol-f-oltt.

ERF 1 Qo] 0,, CO9| FEet FRFE 47
5.5%, 2.5 ppm, 9.5%% =4 =0, SO, = Hs}
oh= FA Aol glo] YAt T E S E I

20

M on filter F5CPM FPM

Concentration (mg/m3)

SO, concentration (ppm)

Fig. 3. CPM and FPM concentration in accordance with SO,.
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‘?iHEH
1=

S, AT IHA] F 0] H 9= 0.11~0.41 mg/m’
dE%leH, S0, 5k 342}011 E}‘:‘— of g

1] (Total PM)2] TR (2

92% O]t AJHZ 2 otetE] it
0] ?‘24’ T‘”ﬂH S0, =7t 0ppm & = A
YA (Gong et al., 2016)9] - A4S} H|==5 =

7ol ks, 11 ATHFPM: 0.14 mg/m®, CPM:

Table 4. CPM (Inorganic, Organic) and condensate (SO,,
VOCQ).

S0, Condensate CPM (mg/m?)
concentration S0, VOC ) )
(ppm) (opm) (ppm) Inorganic Organic
Avg. 0.0 1.4 248 0.24
SD. 0.0 0.1 1.13 0.1
50 Avg. 28.8 2.5 458 1.53
SD. 0.2 0.5 0.54 0.27
80 Avg. 51.0 3.2 6.41 1.98
SD. 1.0 0.6 3.56 0.99
120 Avg. 66.7 4.0 9.99 334
SD. 1.2 0.4 1.97 0.95
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2 HSA RS o] RIS HA S5 HA Sl
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Tt 525 SR R E ST
Shi= AS = e

olF F © AR motely] flote] -S54
2] ZSAALE ] YZH7] oA AT BES
ottt W71 E FatetHA Frrt Bists] =
A2 50,2t VOCE SAHE| o, 254 =74
el YA E Set %o s E Aot & 4
of YrebiTt.

Y7 3

ot o e rE

A $EEE S0,E SO, FE7t
0, 50, 80, 120 ppm 2.2 WSHE w) Z+z} 0, 28.8, 51.0,
66.7 ppm 2.2 S &9l 0, vOC2] Aok SO,9]
5710, 50, 80, 120 ppm A ™ ZHZ} 1.4, 2.5,3.2, 4.0
ppm o & S E ]It WA S0,9F VOC 571 &
o}z H L& of o] 78 ¢F 4= Qi)
O% 4= Y7715 FHsHHA SEEH AA”
SO,, VOC F&=2t 354407 &9 BAE vehd
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Fig. 4. Relationships between CPM and Gases.
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2] ‘sEete] A= 50,9t B4 &5
< slop' 0.11, R% 0.95°|™, VOC2} 7]
1.15, R% 0.98% met&]o] o9
S HeEri AL Qlet oebd 2
€ e=uA Y A=t e HskE
B ofuzt FIAA 719k ghE (VOCs) = 22 &
oAt 7lfsh= Ao m FAY 4 Atk

Feng et al. (2018), Li et al. (2017), England et al.
(2007) 59| AFIME T o FAHE S5
28] dE< wefstded, FrIES YRS
((NH,),S0,), A5 (NH,NO,) 5= mofsia]
1, §718 LS A7 (Alkanes), 9| 2~H| 2 (Esters) 52
& mofsyint.

TES di71ed=d wiEAE Y] WA AEe o
Mg 240 & —%011% AeH, g2 7le
So] =] 1 viEds JYs] &l Atk &
5] A7 Aebela WAL O] v E5]-87]E0] 5mg/
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2, 3mg/m’e 2 AL Qi of2Tt Ve AT
5] WAE Zlolet AtmEth(Feng et al., 2018; Kim
and Hwang, 2016).

FT 5ol Frl7lel Eﬂﬁi A2 e 7]
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