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ABSTRACT

Soot in engine oil was isolated using a centrifuge
and subjected to an intensive analysis. The atomic bonds
of the carbon in the soot discharged from the engine
under various driving conditions were analyzed, and it
was determined that the greatest proportion of the bonds
were C-C (carbon-carbon) sp? (graphite structure) bonds
and H-C (hydrogen-carbon) bonds, with few C-C sp®
(diamond structure) bonds.

It was shown that the ratio of H and C atoms (the
H/C mole ratio) could be used as an aternative indicator
for the hardness of the soot. In addition, the project
studied the correlation between this alternative indicator
of soot hardness and sliding wear in the engine.

A method of removing soft impurities and
qguantifying the soot components in isolation was also
studied as a means of more precisely determining this
correlation.
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Fig. 1 Schematic of wear tester
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(a) N-pentane insoluble method

Table 1 Wear test conditions

O LFWHD Shell four-ballC)
Engine oil0] ILSAC GF-4, OW-20 | ILSAC GF-4, OW-20
Carbon black concentration (wt%)[10.20] 0.20

Mean carbon black particlel] 66, 95, 1220] 66, 95, 1220]
diameter (nm)

Load (N)O 1000 4410

Operation time (min.)O 18000 600

Oil temperature (°C) 800 800

Rotation speed (rpm)0 4000 12000
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(b) Trichloromethane insoluble method

Fig. 2 Experimental procedure of soot quantitative analyses
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Table 2 Engine specifications and test condition

Number of cylinders and configurationJ| Inline 40
Displacementl] 2354 cm®
Engine specs.[]l Borell 87.0 mmO
Strokeld 99.0 mmU
Compression ratio[] 10.50
Test conditionl] Speedl] 5000 rpm0
Gradeld ILSAC GF-4, 0W-20
Engine oill] Spurious soot concentration (C element)[] 0.4 wt%[]
Mean spurious soot particle diameter(] | 100, 100, 120 nm[

Incident electron energy[]

~

Incident electron energy - Ei

Conduction band

E2

77 Valence band

Incident electron energy - E2 [ Inner shell level

Fig. 3 Principle of EELS (schematic of energy loss
and transition process in EELS)
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Fig. 4 Field research on mean soot particle diameter
in recovered deteriorated diesel and gasoline
engine oil
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Fig. 5 Wear tester result with carbon black of
different mean diameters
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Fig. 6 Phase diagram of carbon atom binding state
in soot
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Fig. 9 Time until oil pressure reduction with soot of
different H/C mole ratios
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Fig. 10 Result of H/C mole ratio analyses with
trichloromethane and n-pentane insoluble

0 1390



Honda R&D Technical Review

Vol.21 No.2 (October 2009)

goboooooooooboooooooobobooooon
gobobooooooooboooooooobobooooooo
00 H/C OOOooOoOooooooobbooooooo
Fig.lo0dOoOoQoOoOoOooooooooooooooo
gobobooooooobobobobobobooooo
000 H/COOOOOOOFg. 100000000000
goooooooboo0oOooooOooooOooood/cod
goboboooooooooooboooooobobobooboooooo
gobobooooooobooboboboboboooooo
gboboboobooboobooboboboobo

gooog

O0@o00o0ooooooooooooooo- 0dsp*d
o0o0o0o0o0O0O0OmOoOOoOoOoO- OO spPOO
goooooooomobD- ooboooooooo

gbomooboooooboooooooooooooooooon
gooOoOoOoOoOoOoOoOoOoOoOoOoOH/COODODOO
goooboooo

gbomooboooboobooboooooooooooooooo
gbobobobobobobobobobooobgo
gbobobooooobogobooobo

good

00M000o0o0ooooo000oooooooodUobPF
0000000000000 000000OHonda
R&D Technical Review, Vol.17, No.2, p.65-70

O0ooooooooooooooooooooooooog
0000000 EUROIVIOOODDOOOHonda R&D
Technical Review, Vol.16, No.2, p.139-146

O O Orze-Chi JAOO Soot Characterization and Diesel Engine
Wear, ITC Nagasaki, p.1981-1986(2000)

00@Moooo0ooooooooooooooooood
000000000o0o0o0o000O0OddOyVvol43, No.4,
p.168-174(2001)

0 O Chttp://www.jsae.or.jp/08std/std03.htmIC JSSAE 0O 0O O
0000000000000 00020050000 2006
000mooooooooooooooooooon

00Moooo0ooooooooooooooooog
0000000 00o0oo0oo0o000OdoVollll, No.03-
1, p.137-138(2003)

O0OOradashiSasadaDl D O O OO0 00000 OO oOrd
0000000000000 0MmD0 0 p.25-26(2008)

O0Mmooooooooooooooooomoogmdg
0000 O Vol.40, No.5, p.482-487(1997)

O0Mmooooooooooooooooomoogmdg
0000 O Vol.40, No.5, p.488-493(1997)

glomoooooobooobooooooomooom o
0000 0OVol.40, No.5, p.494-499(1997)

0 11Chttp://www.jsae.or.jp/08std/std03.htmI JSAE O O O
Jodddddooooooooog 2006 50 0 2007
gob@oooooooboboooooooooo
ddddddooooooooooooo

0120 0 00AESREELSO 0000000 0OOOOODOO
000 0000000 vol.55,No.1, p.65-69(2005)

0 1400





