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Abstract @ In this study, we attempted to comparatively analyze the structural characteristics of soot generated from marine engines to review the
possibility of recycling crankcase soot by classifying it as exhaust soot and crankcase soot. The annealing procedure was performed in an argon gas
atmosphere at 2,000 C and 2,700 C, and Raman spectroscopy and High-Resolution Transmission Electron Microscopy(HRTEM) were used to analyze the
structural properties of the samples. Furthermore, digital image processing techniques were utilized to quantitatively analyze the acquired HRTEM images.
The Raman analysis demonstrated a relatively high G/D ratio in the exhaust soot and annealing conditions at 2,700 C. In the HRTEM images, both soot
were able to identify similar forms of graphite nanostructures, but there were limitations in that they could not quantitatively derive differences in the
degree of graphite depending on the type of soot and annealing temperature. Thus, digital image processing quantitatively analyzed the length and
tortuosity of the fringe of the HRTEM image, which is consistent with the Raman analysis. This meant that the exhaust soot had a more graphite
structure than the crankcase soot, and that annealing at a higher temperature improved the graphite structure. This study confirmed that both the

crankcase soot and exhaust soot can be recycled as a graphite materials.

Key Words : Exhaust soot, Crankcase soot, Annealing, Raman spectroscopy, HRTEM, Digital image processing

* First Author : kimsy@krs.cokr, 070-8799-8469
+ Corresponding Author : skywonju@kmou.ac.kr, 051-410-4262

- 179 -



1. M &

= WEES] °F 80% °) =
(Eyring et al., 2005). o] ¢} 22 Aol t)-&317] #lsked =4l
A7 THAMOYN A= kel A A w = v 7] 7k g
SFal %l SOx, NOx CO, 5ol tiate] F7 A<l AdS
Hatar GAARD HAlE AlE -G Yobrb S
o st @ ol m A= FE v A= Aow Rl
of, &FE g A BEHE EHYEE YRS B (Particulate
Matter, PM) Y & 27+ (Black Carbon, BC)®l
=33l JTHIMO MEPC A.1110(30), 2017). & 2
O % HRTEM#} 2pihitgdwls &-83ste] MdutoA A
PM®] sampling 91 Aol @& 73 54 FHshs A7
E=E 2™ (Choi et al., 2016), X8} PM2Q] TF 54 S

= Economizero] E|A¥® PM2 o|x}AX]9] S=AEZE A
L3t A AYE R aEATH(Lee et al, 2018).

Adutel] gAlE oA e AAFHE T ARR AL}
™, A% Al FSE(Soot)Z &2 PM©] A 3TH(Clague et al.,
1999). FEE F2 ST R o] Fo3l IR Edolr
(Ess et al, 2016), 13 5 e dae] 7]Qlehes =4l
o 1 PR 3= A4E = 7 (Vander Wal and Tomaskek,
2004) ol wet xfo] & Hol ARk A A o8 FAg g v
TERE HolE Zlo® ®WauHtKLee, 2017).

TE= DAY we} vi7] 4=E (exhaust soot)2} F 2 A A
o] 22 4=E(crankcase soot)Z - (Kim, 2020), ©] T 7}A|
FE9 Fx BEAS vusle ATFE Ak SRkl A

o
ol
o
£l
30,
o

oo
o

o,

o

oy

H

T =
=3 =8 A ZolE 4= 9] ©1}(Sharma et al., 2016), 1§ T
A QRS Qe R 7 FES EAS Hushs Ade F

Hlaste] AgAA el FEO Fx 5
HRTEM % Digital Image Processing”| 3
s AFAQ dolH = nlal A5t 5 =
gstslnt. ol& Fa w7] FE o]o] AAA ] F
E9 FAANERE ALE 7FsAS gsta, ALdeS A
AN 5o 7x AEE o] &staat gtk

ot

)

Og(:‘a

o

k1
[

2. M8 WY U B4 7Y

2.1 ME x| # (Sampling)

6,600, Zo] oF

Foll A A== w7 SESF A= 37

M5 A e7] Sste] e

= o 1= M% 5}%
doitisg Yo SE AT A3

] AL 58 e R A5A
Az o, FEFGT) °F
17V H, Z&&5% 175=E0| . F7]3%2

MAN Diesel & Turbo AF2] 71321 6LA2MC/ME <15 o] &A=

o] o, %At

=32 176 ipmoll A 5,979 kwo|t}.

Table 12 3ultia o] F7]9 2 B 27|k Aldo|, 2
ol A AL Aol 3= 1.76 Weight %, = 25.86
mm’/s, H] 5 0.9377 @15/4C2 EAS 7IA = AF5E ALE35}

et

Table 1. Ship’s particulars of T/S “HANBADA”

Items Dimensions
Ship’s Name HANBADA
Navigation Area Ocean Going
Keel Laid 2004. 12. 24.
Gross (ton) 6,686
Deadweight (ton) 2,636

Lbp xBxDxd

104.00 x 17.80 x 10.85 x 5.915

Ship Builder

STX OFFSHORE & SHIPBUILDING
CO.,, LTD

Main Engine

MAN Diesel & Turbo

6L42MC/ME

5,979 kW x 176 rpm (MCR)

Generator Engine

HIMSEN

H621/32

1,200 kW x 900 rpm (MCR)

H| 7] FE= 7] ZH(2-stroke diesel engine)©] ¥l 7] 2
%] o] 913 Economizere]l E| A H FEES RO 2 dxg
i, ARAA) L FEE I s
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Fig. 1. Raman graph of exhaust soot annealing condition
(a) 2,000C, (b) 2,700C.

Fig. 1 (a) ZZM = G peaket D peake] xFo]7}F oF 1.4
H 2 ZA) 9o Wk Fig 1 (b))l G peak®} D peak®]
zpo]7F oF 3ul] o] F Apol7t eS FRIEHqT) o] 1
=] AR w7] FEO X3 e AdEY] EeE

S0l AAE L SAsF AFEUAES HET

- 181 -



EEDREE ERESER

[¢]

3.1.2 X0 Mg IYIA0[A £E &4
-5 Fig 2 (@<} ()= 2,000} 2,700C 2 I3 g g 39
AR AA ]|~ FES] Rk Zolt)

40 D peak

-] +— G peak
.E
S30
£
825
£
220
2
=
wls
=
T10
=
3
“ 5

o

1000 1200 1400 1600 1800 2000
Raman Shift (cm?)
25
<+— G peak

-‘é’ 20
S
£
s
=15
- D peak
z
2
-]
£10
o
=
=
£
s 5
A

o

1000 1200 1400 00 1800 2000

Ramanshift{crlr?")
Fig. 2. Raman graph of crankcase soot annealing condition
(a) 2,000C, (b) 2,700C.
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Table 2. D peak, G peak and G/D Ratio of exhaust soot and
crankcase soot on 2,000°C/2,700°C annealing condition

Test items D peak G peak G/D ratio
Cf()arlllk;f‘osgo%’Ot 32215 34.962 1.085
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Fig. 3. HRTEM images of exhaust soot annealing condition
(a) 2,000C, (b) 2,700C.
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Fig. 4. HRTEM images of crankcase soot annealing condition
(a) 2,000C, (b) 2,700C.
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Table 3. Fringe tortuosity and length value of exhaust soot and
crankcase soot on 2,000°C/2,700°C annealing condition

Test items Tortuosity Length
Crankcase soot on 2,000C 1.45 0.63
Crankcase soot on 2,700°C 1.28 0.85

Exhaust soot on 2,000C 1.32 1.24
Exhaust soot on 2,700C 1.03 1.42
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