Journal of the Korean Society of Marine Environment & Safety Research Paper

Vol. 26, No. 1, pp. 114-120, February 28, 2020, ISSN 1229-3431(Print) / ISSN 2287-3341(Online) https://doi.org/10.7837/kosomes.2020.26.1.114
] 2= o] gl o = = O
Aubg oA A7 FES] Bl fE PR 54 AT

o = Z! Al
e GRS P SI 7 BT W, # AT AGAS I S WA LD FIY W, o AT AT,
S DER R R S D L E R SRl

Structural Characteristics of Marine Diesel Engine Soot by Source

Jun Kang' - Jae-Hyuk Choi~ - Sung Hwan Yoon™ -+ Soo-yang Kim™ - Junsoo Kim' -
Ha-Seek Jang***** - Won-Ju Lee*****1-

¥, FFdkEE Professor, Division of Marine Engineering, Korea Maritime University, Busan 49112, Korea
** Professor, Division of Marine Engineering System, Korea Maritime University, Busan 49112, Korea
*** Researcher, Korean Register, Busan 46762, Korea
**** Instructor, Korea Institute of Maritime and Fisheries Technology, Busan 49111, Korea

**xx* Researcher, Division of Marine Engineering, Korea Maritime University, Busan 49112, Korea

2 9 R AFdAE IMOQ FF o Al EA T s FES A9 XS g RE HEE wy] FES A FER TR
sto] x4 549 v B4 S A=tk 183 HE BRI e W] FE QLG AT A A Az FE AEE v}
S o5E ZRlsy] f3ste] 2,000CE A YE AW, AA Y A-Fo] FEE adde AAAn A ey S Fal A3
Rk WA A FE S S EA4 A, W] FE AR FEE AR FHO Ui FE2E VAL QLo wy] FEE FH ) 12 YA
7 ARJNE AdEE 7N AL, 1F FEE wj7] FEO| vs A S FxvF ERlE k. ehvEdy A A, wiy] FES <l
Z FE B D peak(1,350 cm)9} G peak(1,580 ~ 1,600 cm™) 7} E1 = QAT Thuk, G/D ratio= 1% Eel vl wl7] FEZL iAo R =
e, o] & bl 7] FEVE O 538 | 725 Ve S gujeth dAe $o 24 A, dF FERE b7 FE fASHA 53}
7F EAIel MAES Gk, o]E Tl Auhg v HA= vy FES AF FE B SANEE AEdgo] 7sEs

spelshsint.

0l

HNEO 7] FE, AR FE, ALY, U= 7=, ARE

Abstract © In this study, we analyzed the structural characteristics of soot, which is one of the anticipated regulatory substances of the IMO, and used
a novel classification method to distinguish between exhaust soot and engine soot in marine engines. As an extension of a recent study on exhaust soot
recycling, annealing was performed at 2,000 °C on engine soot to determine whether it could be recycled. Soot samples before and after annealing were
analyzed using HR-TEM and Raman spectroscopy. The HR-TEM results showed that exhaust soot and engine soot had similar nanostructures; the exhaust
soot has a spherical primary particle with a chain-like structure, whereas engine soot particles have amorphous structures. The Raman spectroscopy
showed a D-peak and a G-peak for both exhaust soot and engine soot. However, the G/D ratio indicated that the value of exhaust soot was relatively
higher than that of engine soot, which implies that the exhaust soot has a more graphitized structure. The analysis of annealed engine soot confirmed
that graphitization proceeded without any problems, similar to the exhaust soot. This confirmed that both exhaust soot and engine soot generated by

marine diesel engines could be recycled as graphite materials.
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Z5+E W77k W 53l 22 (S0x, NOx, CO)oll tiste] -
ANAE S FEstal GAAR AE Aldskal A THBond
et al, 2013). ¥ oyt A= FAStaL JA LA FF
o Al BEdE EREE v <zl wj7)7kzel] 23k
A2 &2 (Particulate Matter; PM) W £ 2 7} (black carbon)
o] SAIHe] &tstel mx= FaFe] g A= Frtstar
Rnom, et A A 9] A} =07} o] Foj AL 9l
(IMO MEPC A.1110(30), 2017).

a2 ATt d3tor Myl el wjEE = PMO
sampling 9] *]ol] w2 5445 HR-TEM(high resolution transmission
electron microscopy)®} RAMAN 3 S& &&3slo] 435130
O (Lee et al, 2016), N7l ARG = A5 2 QX F5F
of wet A EE PMO 549 AolE A stE A& Al
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(Lee et al, 2018a).
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Aol F2 7|98k 4otk 1 Ao 2= AW A
22 Yo A4 #9171 (Vander Wal and Tomasek, 2004; Lee et
al,, 2010), ¥15.2] %5 (Grieco et al,, 2000), Hi71¥F2] 9] X](Lee
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Table 1. Ship’s particulars of T/S “HANBADA”

Items Dimensions

Ship’s Name HANBADA

Navigation Area Ocean Going
Gross (ton) 6,686
Deadweight (ton) 2,636

LbpxBxDxd 104.00 x 17.80 % 10.85 x 5.915

STX OFFSHORE & SHIPBUILDING CO.,

Ship Builder LTD

MAN Diesel & Turbo

Main Engine 6L42MC/ME
5,979 kW x 176 rpm (MCR)
HIMSEN
Generator Engine H621/32
1,200 kW % 900 rpm (MCR)
Keel Laid 2004. 12. 24.
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Table 2. Fuel oil specification
Test items Unit Results
Specific Gravity @15/4C - 0.9377
Viscosity Kin. @50C mm?/s 25.86
Flash Point T 81.0
Sulfur Weight % 1.76
Water sediment Volume % 0.3

2.2 1765 X 0[F (High Resolution Transmission
Electron Microscopy)
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Table 3. HR-TEM specification

Title Dimension
Model JEM-2100F HR
Maker JEOL
Accelerating voltage 200 kV
Point resolution 0.23 nm
Spherical aberration 1.0 mm
Resolution of HAADF-STEM 0.2 nm

2.3 2tatE 2 (RAMAN Spectroscopy)
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(b) high magnification (b) high magnification
Fig. 1. HR-TEM images of exhaust soot on raw condition. Fig. 3. HR-TEM images of exhaust soot on annealing condition.

(b) high magnification . (b) high magnication

Fig. 2. HR-TEM images of engine soot on raw condition. Fig. 4. HR-TEM images of engine soot on annealing condition.
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Table 4. D peak, G peak and G/D Ration of exhaust soot and

engine soot raw/annealed condition

Test items D peak G peak G/D ratio

Exhaust soot on 44.013 51.079 1.161

raw condition

Engine soot on 130.147 144.363 1.109

raw condition

Exhaust soot_(_)n 15.317 26.428 1.725
annealed condition

Engine soot on 14.656 22.155 1.512
annealed condition
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