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Effect of Engine Operating Conditions on Nanostructure and Oxidation Reactivity
of Soot Particles from Diesel Engine

Kazuhiro HAYASHIDA ™, Masayuki UNO and Hiromi ISHITANI

"! Kitami Institute of Technology, Dept. of Mechanical Engiheering
Koen-cho 165, Kitami, Hokkaido, 090-8507 Japan

Effect of engine operating conditions on nanostructure and oxidation reactivity of soot particles from diesel engine
was investigated experimentally. The soot nanostructure, i.e., the graphitic crystallite size and the amorphous carbon
content in the soot particles, was characterized by Raman spectroscopy. Oxidation reactivity of soot was evaluated by
temperature-programmed oxidation (TPO). The soot Raman spectra showed that the size of graphitic crystallite in the
soot increases with increasing exhaust temperature resulting from the increase of the engine load. In addition, the
graphitic crystallite size of soot obtained during lower engine speed was slightly larger than that of higher engine speed
of same exhaust temperature. The results of TPO indicated that the oxidation reactivity of soot decreases with the
increase of graphitic crystallite size.
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EET O EEFEBEET A LOTE ZEiEEE Wfﬁ%ﬁ?‘ﬁf‘ (HRTEM: High resolution transmission
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Table 1  Specifications of test engine

EhsHSpe 4-stroke single C)'linder
water-cooled DI diesel
Bore x Stroke [mm] 88 = 96
Displacement [mL] 583
Compression ratio 17.9
Fuel injection pump Jerk type
Injection timing [deg. ATDC] -11
Fuel JIS #2 (cetane index: 55.6)
Table 2 Engine operating conditions
Engine speed [rpm] BMEP [MPa]
800 013 | 025 | o038 | — | -
1200 0.13 0.25 0.38 0.51 =
1700 0.13 0.25 0.38 0.51 0.63
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7 4 —EREAOEESGERT IR TO s L BRI RIETER
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B Lo 7x.
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Fig. I Schematic illustration of the laser Raman spectroscopy system
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B EEREFRMEA L. ZOMEAIC LY PM %&pk 9 5 SOF & T3 HiFiFEREREL, H,0 & CO, CO,M
AT 5. 2055 HHOITFDTIIZERE LI-RIBANIZRE SH, COIZHOWTIIfliE CEA{LALEE L T CO, (8
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Fig. 2 Schematic illustration of the temperature-programmed oxidation system
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DOEGLSEMETHER L PM O AT ML%K 312787 (Observed spectrum). Z DAY MUZIENY 7 T 507w
FABREELTEY, 20X 573y 7 75T FHIT SOF DS W EAREIICHE N, SOF IZizL—¥
FOBE TENERT D LRI EBERI{LAKE (PAHs: Polycyclic aromatic hydrocarbons) 238 £15 2 &b, ZD
Ny 7 75 RY¥Z PAHs O L—HE5#E a0 (LIF: Laser-induced fluorescence) "Iz L3580 EEZ 5N 5. K
FETHERLEL S BREHIHD L —FHIZX B PAHs @ LIF 370 — FRARZ MLEETEOZ &0, X3
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Fig. 3 Observed spectrum and Raman spectrum Fig. 4 Curve fitting with the five-band combination
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EXKAOFHNEELFNBEDLETELS RO, FIIEETAOERLIZLEAZHLOTHY, ZOPRCEARZ
EEKENHENERTIOEARARIVERT I ZENTE B, T2, ARVBEWVII EREEH E23809
572, TEERESRICB T RRAZRNEL, »POBRBRIHEAEHEL TV,

BIEEE 1700 rpm (2BWVT, & BMEP TEBLZPMIZEENDTITDT U AT ML TFaTd 7 (L7
49T AV TORBERZR6ITTT. B, TRTOARY MUIG Ay ROE— 7 BETHEB(LINTWE., 7
D7 7ANT 49T 4 TOFRERLEY, AENELZBIZOND BIUD2 X REENEMNT 35—, G5
NIRENEA T 2FFIRERTE . FIEROMERIE 800 3 X U8 1200 ipm 2BV T HHER SN TV B.

M 7IZBMEP 2L D Ip/ Io PELZTRT. WTNOEEEE S, BEKRFHOBMIHEN L/ 3 ERT5Z L
REDD. —HEOREMETIL, b/ lITRERTFIA X LIRS (y/lgecLl,) THZENRBLABNTNS
N SEE, ZOBRITREREF A XN EVES ([,<2~3mm) IKIERVIET, ZOBE L/ I LK
ZVNEEHEMT 5 Z EBALNIERTVE®®, HRTEM® & X #EHT (XRD: X-ray diffraction) “% 7=
THRIT-OF /) EEFNT T, 39T TE2EBRTA2RETOV A X132 3 nm K& DEENRBELN TS &
Mo, K7IRUL7BMEP OB L D In/Ig D ERITFERTF A A0ENERBLZLDEEZLNS.
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TR EICIEEUREEIR TR S, TO—REIFIE, [RE(LFERE LT TR FREEORIETHET S &
EZ BN TWAEY, AHENEL 22512 CREMER BOBEMIZ VW RARE ICH ST 2/ MIFENIEMNT 53—,
RIRENOBRBERT L L HICBELEABERT -0, —RAARIIRELLEMTSLEN5D. KAK
ROFERRISHEEIIKRFES & 72F LIRS (HACA: H-abstraction C,H,-addition) #0338 % 23
COOBEITHERTFHH VL PAHs ICAEBBRHERYNMINT S Z L TREKENMERTS. Lo T, BA
FHEERBORSHRERD TH DT BF LU NENMT 20122, BAENHROER & REMENE0ENIC &
HIERESROEIE THREFRIVEE T D720, BMEP DN Tl / B LR LT-ERTAZ LN T
5. F7, RE LT TR R T 2 %A MM P ORI ERE IIHBEAR TRE < B2 Y, (KA%T (BMEP
0.13MPa) & =& (BMEP0.63 MPa) & Ti, mBROF2 600~ 700 K FBER (K 5). EEEMFIZH X508
T A4 —BNEFERROKFREIBRZHBMFIZEBNTE 2000 K BELEWZ 06D, 7=—1 7P 5
Wi Z Y TN X B 5T T 74 MEDETS b/ I D ERICESTIb0EEX BN 5.

X 8z BM@(;5hyk@Tm&wﬁ-5J@@ﬁ$ﬁﬂvﬁin57%w7/xm\@% R4 5
EINBD, AR TITHEAHTE L OEEHIZ L 2HBLZRIIRO N0z, 28, RERENHER
ﬁmﬁa,ifw%me@W%%ﬁmwawm@ EEAE & TSR RIS £ B L OB KEMIZ A2 B & SN2,

IR BEHT TREMRRENETT 5O THIL, BEEEGEFGTTEL T 7 ARSEIERELT RS D
EZzonb. LnL2Rs, BIROEY T 4 —E/VREEIZ 2000K 2B 2 2B TEITT 5720, T TR FOEE
AR T HACA BB XE TH D LRI SN, KSIZZDOZLERETALDEEZLND.
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BARAR)SHER SN D IEEUABERRMAIE L OB T o v F L7z, HEFEERR ERINTERE, Bgg4eR
X9 &K 102573, X9 X BMEP 780.13 MPa, X 10/ BMEP 78038 MPaDF—Z 2 E L H7-HLDTHB.
WTNhoOAR L, ERREENEWVIE EIEBURERG ODRRAEENTIC 25 T TOMENEY. /-, JEERE
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Fig. 11 Relationship between 7, / I and exhaust temperature
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T T COBEDBELNREENREONDAN, ZIULSOF ICHETEIHDLEEZLND. LMLARRDL, 20
&5 RWBRE TR OBYIT 22 LIZ SOF DERMET 5 LB 212 <, MAZZT TT TR HMBEL 7= SOF
DIMBE FHROMBETRILLIZLEZZ0ORRYTHS. 520K 2825 L CO,EBEDO LEEN ML TEY,
JNEFIN T SOF MNEMEL SR T-Z L 2T 21D L Bond. 72, ZOE, BRMEWVIZE COEBENE
VDL, PMIZE® 3 SOF DEEMEATHELHEM T2 2 L IZinT 5 LB TE 5.

800 K fHEH 5D CO, DA ERIZTTRF DI > 7-BIL2RTIDEEZ OGNS, TR FIIRE &
Boom BEDS T 774 MERTETENLT 7 ANRBEDRETHERINDI N, BEIOWTIIBMLRIGHE
BEW=DY, 800K fHENbIAE S EEALBILE Y LEVIEETBRILL TW DAL LD S, COBENE—2
PHZHBEIIPMICE s TERY, WTHOEGEEE LSAMIEZORENTEAIZS 7 FLTWEDIT,
TIRFERRT D7 7774 MERTFORZEVFELTIWBEEZLNS. T7bb, 77774 MERT
OB LITN—YVE (REAAMELE) TRAECIIKL, =y VHE (REANAMRAN »o#ETT 7200, &
A ANRRKEWVIEBLICET 2EMBEL DD LBIRTE 5. £72, 800 K LAT D CO,RE N LB
= PM ([EEREEE 1200 rpm: BMEP 0.13 MPa 33 X OVEIE5&E 1700 rpm: BMEP 0.13, 0.25 MPa) (22 TliE, CO,
BENEC—JIZETIRENEIZEVD, i, SOF OB{LEATT TR FOBLBMEESN=T=HEEZD T
EDCE 5,

Ferrari & Robertson®ZRFBMBIOFRERF VA X L, BN THDEHEER (L, <2 nm), Ip / Ig % L7 IZHH

(Ih/Ig<Ly) T5&L, ZOBOBEBRRE Zickler 5°Y23RDEY/RL TS,

i C@y)
oo o8 La (1)

Cly) EL—FHDEE 4, TELT B42ETH 523, Matthews 513 400 nm <4, < 700 nm DFEFEN TILR OB
ALY SIoE LTND.

C(/‘{L) =~ CO + Cl’.{l, (2)

ZIT, Co=—126nm, C,=0.033 TH5.

M1 IRLE L/ I DEZRAGY, X (1), Q) LYRDIERFIAXE CO,BENE— 7 ITET HIBED
%X 15 (2R, 7238, SOF OFEENHERIZ VL Ebn s PM (EEREE 1200 rppm: BMEP 0.13 MPa 35 X OVE]
#1700 rpm: BMEP 0.13, 0.25 MPa) 2DV T, ANRDIEY SOF DERALBDEENREVWLEZOND I &
o7y WA LTS, L,OKERPMIZE CO,BENY—ZIZETHRENES R-oTEY, Fa&TD
Bty VENOEITTAZLZEMITAILDEEZBND.
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Fig. 15 Relationship between L, and temperature of peak CO, concentration
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