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2 oA AR Axsht A MEHE ABAL U)o S ST AAel KA FBL WAL Aow FeA
Slek. ol whel, Mool A = Aol A Wi @ @B A FASL gk shA% 4% (Particulate matter: PM)o] T F A= o4
ool goma AAA Yol Wastth eyl g YR UE /2H9 Ak DA otk oW A A 8
g AFolA BASE AAFRA 712 dold THS sl A A o] AgEE Anfe] FAY FREARKIE A5
o BAGT 54 Wag 98 $4 U4 Ade] AgHE ARFE 2 WHOE SAAYTE F ARFE FEHALH DmelA A
o7h Wtk A9 FAEASKIE 633mme] ol AF ol gt YAl WPow ZHstn T4 Aeyol o8 AP YAYEA
o AHEEE o Gote] APHGTE. Aohg ARFolA MEHE YALE A A FEAAFKIE 8280] 3L, HFE DA 8.44
otk % RFe FAY FRAAFKIE FA BHE WAWAA A2 FASATE. S Rayleigh limit AN TF Gatel v
Bl B wFol F 5 e PEA PEAHES AGABA BAS Fal Y42 5Ho] Fol@ £ UeS FAsAY

Abstract : I is known that he pollutant emitted from the combustion process of marine fuel oil causes air pollution and harmful effects to the human body.
Accordingly, IMO regulates pollutants emitted from ships. However, the regulation of Particulate Matter (PM) is still in the process of debate, so preemptive
action is needed. Fundamental research on PM is essential. In this study, the Dimensionless Light Extinction Constant (K.) of fitel oil used in marine diesel
engines was measured and analyzed to construct the basic data of the PM generated from marine-based fuel oil. The fitel oil used in the land diesel engine
was measured in the same way for character comparison. Both fuel oils differ in sulfur content and density. The K, was measured via the optical method
using a 633 nm laser and was determined by using the volume fraction of PM collected by the gravimetric filter method. The K. of the PM discharged from
marine fuel oil is 8.28, and the land fuel oil is 8.44. The K. of two fuel oils was similar within the measurement uncertainty range. However, it was found
by comparison with the value obtained by the Rayleigh-Limit solution that the light scattering portion could be large. Also, it was found that light extinction

characteristics could be different due to the relationship between light transmittance and collected mass.
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1. M B sto] ddmfrol gk At Bde AHEE AL A
Stk olek 2 A ARl i FaEE SHs = Aol
Bl a Aol dmsl Adasls Ao wEg= o ERHAQl Wela, Tl wel Fad Al ggs] da
2232 A (Particulate Matter: PM)S th7] .91 gubala ol AO1oF @tk SpAnk FA Al dmel et A2 te
of Salar ke nX= Row Aeix o} Au Absle] W= 7L e Ao deA glow, kel Fdel]
A= AR el olgrel A AR Anp o ;].ﬁx-lo] g Fad 3 gER ¢ gle AeR Runa gy
oJupi} olHe] & S Este] YE EAS o = wr (Choi et al, 2014) As AA Ao Aol A3 4 A4
o ol Asla Q). olo] wl HAFS %_/gg_g 2461 71 Aol o Fe) v dAsf7E €4 % Al A= Y
Tho|ul A g ZhaEE S 2o Aa s el whass GRS AFH R Qe odstr] s vz AT
AR Y72 MEE= Ao YA e Fas =24 L 209 A 3 HelM wick MU E Sl wiE
2N 8}a1 Q) THEyring et al., 2010). He A=A A3k 54 9 =94 545 getete
A ar Auk 7] 3L St /ui]g Ax Awye gaa Aol Aol ofF Fd 74 A ABfolA wiEs =
A AAE ZolmA] QANEAS wZaty] wite o] HAEERSL FA FaEATEK) B S4E L6t
= FAE) 9 E B wE Easixw 2A ) O dAbel He B AR fg A5k vEA dasit
2 23 F47} Dasit) o9 o] Muk eae o5 2w WEM E Agelds Ao AN sfe] da 9
93 9 Ao REE WA= AR A wo Al A AAMFEAe] VIEAY G 549 G2 )
o] g3 IMO 3 ol A} s oAl Cajutet A wA §  T= 8w &o AN FUER A AR A
kel FAGIA Holup] olfm, wH for AgHE § T TS ANSaA H A vid) st sl <
oS A& oz o] obsls A w okt s, 5 B E TS A e B Fad AsE S48
2 S0 Ak glA ool ©F AAAFEA FAo] tek = L T AEFZRE] Hlal 45 Fel] Abel S dopE.oktt
o= ghdshA o] FofHel wet Al Eo] =FH AT
(Choi et al., 2016). 2. IMOS| YXta 22 TN HE
Sl wa] Rl & ARFE AHESE At
dAd=de] Wed 5+ dn MEPC 622} 3] 9ol A= =A] s A

Ne dasgeld gae) 3% Fo] BC(Black Carbon)
e S

1=l
g lEe] Al mA= FEFel el =

PG B AL ALV UFe 2%, 3] +5F 7= AAsks]
B, AL, AEE, RESAITE ARV gE 59 &<le]l  THMEPC 62th, 2011).
wel A W3lels Ao R el A 9 t(Stanier, 2003). PPREENFLAUA NS A= ¥3]: Sub-Committee on
o= UAE 4ol thr]e &3t 2 AdHl(Snow and Ice)®]  Pollution Prevention and Response) 12} 3] 2] ol X = =4 &3] &
LA E FH3 7FHste] GFs vA F Jdvke ThsAd dhe Adrel A wiEE = BCol o d HEA el HA=
o b= A7|= AL vk ey YASERS B9 Uy T ol tis] =gtk ol & A8 w5 A Fa| MubdA W=
A A Zro] e 7] 715 H3ME A (Short-Lived Climate S+ @ BC2 Ao AYH, @ 3 ¥HH =&, @ ddzA
Forcer, SLCF)Z T-57] W&ol 715 ¥slo] diz] B2 Alo] ¥y TF olgA 3714 lov FogE AHeA &gt
° 2 GnputE JFS v A =X YEiAe B =e] 5 BAR @, @ dis AdH" =o7F i) vk, g
BT g TR BAste] AAH 47FR] 9] F eBC (Equivalent Black
olg] gk Aul 7|o] o3 At BAE 37| 918 Carbon) ¥ LAC(Light-Absorbing Carbon) T 7] Z-oll A A sk
A HA GAZ Ak Zge AFEHE dEfol e jd Aeow AFYE Faed delste] oS MEPCOl Hudtu
A AUET AL A DA dAGELAY] & FUIRE AHES wed 598 A4 ARl BCo] A9
Aol thek A7) FalEofof i} ANk HiEol Huk t]  E MEPC 67xF 2 PPR 230l A A=t Aoz A
A 7]40 45 AAE B w77k~ E wiESth 4% TH(MEPC PPR 1th, 2014).
ZAE felA e FF Ah Foll viEEE w7 7h2ze g MEPC 672} 3|o]ol A& 9las Fefste HutomRE
ARE FafjoratA Rt 3l Auke] tAr|FelA ¢5 wiEFE BC7F HEE0 WA= el tig ot A=
ALE Fa WEHE H7I7IAE SAHSE ddFer b, A8 GAISES BColl e ZYol I F45] oA
-9~ =Tk who] PPR 13}el] AA = LSS A A3kl th PPR 12} 4] BC
a8 B2 @4 AT Mol Au Aol digh 7124l o Ao W AF e digk Al A1 AMES AAEA

dold 755 98] Akl AR Wick US AR @Sk5S skl oWl 3] ejo A= 7] PPR 22tell A 8] F
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AFERQl BC9| 95 MEPC 682F 2 PPR 3ol A | Ei
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MEPC 682} 3| 9]o| A& 7] A2 ‘Bounding the role of
black carbon in the climate system(Bond et al., 2013)’ol| A =] A]
gk BCY A7t 5Al &3l dube] BC Al 7 Ajtst
thal A7 3} tHMEPC 68th, 2015).

I8
=
=

14
S

PPR 3%} 3|9]o A= BC &4 o Alo] wo] ok <t
< W57 Y8iA = BC WlE AR o] Hesithe i
Sloll ‘SAH Kl X ZE F(Measurement Protocol)’S 4~ H3lL
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Fig. 1. Drawing (left) and picture (right) of co-axial diffusion

burner.
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Fig. 2. Diagram of an experimental-setup for light extinction

measurement.
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Table 1. Summary of thermo-chemical properties for marine fuel
oil and land fuel oil

Analysis Item Unit Maril(l)?l Fuel I%alélg-tgisle:
Density (15C) g/m’ 0.8814 0.9083
Carbon Residue (m/m) % 2.17 2.68
Sulfur Content  (m/m) % 0.73 0.25
Water&Sediment  (v/iv) % 0.05 0.05
Flash Point T 76.0 76.0
Ash Content (m/m) % 0.006 0.016
Visfégiet‘;"‘(‘ggqc) mm’/s 4948 11.95
Pour point T -6.0 -12.0

(e} H o = [eRas] o
X5 77 TCE Fdahe Aol sholxl #eleo] Ax=DE
S48t o] gES ol &3t ALte FFEHFEWIL)E Fig 3
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Fig. 3. Laser transmittance through the transmission cell.
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Fig. 5. Measured mass of particle matter on the filters plotted Fig. 6. Comparison of dimensionless light extinction constant
versus In(I/1,). for marine fuel oil and land fuel oil.
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Aerosols, Atmospheric Chemistry and Physics, Vol. 6, pp.

3131-3148.
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