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An Experimental Study on the Measurement of Soot Contamination
in A Diesel Engine Oil

S.Y. Cho, H. Kong, E.-S. Yoon, H.G. Han, D.-Y. Jung*
Tribology Research Center, KIST
*Department of Weapon Engineering, Korea Military Academy

Abstract - New method and device for the on-line measurement of soot concentration in a

diesel engine oil are proposed, where the measurement principle is based mainly on

attenuated internal total reflection. Various laboratory tests of the detector were performed

mainly with carbon black particles of different contamination levels. It was found that the

proposed detector could be well used to monitor oil deterioration due to soot contamination.

Operational range of the detector was found from 0 to 5 mass percentage of soot content.

Test results with water and fuel dilution showed that these effects were not remarkable.

However, adsorption of carbon black particles to a measurement surface was considered to

be a critical problem in the new detector. Effects of particle deposition onto the interface

was experimentally evalvated with the oil temperature and turbulence and discussed

throughout this work.

Key words: soot content, oil deterioration, total internal reflection, adsorption
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Fig. 1.
field into the external medium by Total
Internal Reflection (TIR).
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Fig. 2. Output power of optical radiation
at the outlet of an optical rod.
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Table 1. Degussa gas blacks/Furnace black

Color black S=160
MCC
Type (Medium Color
Channel)
Blackness value my 263
Relative tinting stren
& gth 121%
IRB 3 =100
Volatile matter
5%
at 950 C
Oil absorption yield
. v y 620 g / 100 g
point method
ph value 4
Sieve residue 0.044 mm <200 ppm
Ash content 0.02%
Extractales toluene 0.2%
Compacted densi
3 v 120 g/ ¢
powder
Compacted densi
P o 400 g/ ¢
Beads
BET surface area 150 m'/g
Average primary
K . 20 nm
particle size

Table 2. TGA results and dynamic viscosity

vs. carbon black concentrations.

Carbon TGA Dynamic Viscosity
Black, wt%|Result, wt% @40°C, cST
0 0 109
1 0.9628 137
2 2.061 178
3 2.954 205
5 4919 273
w4 BAE 248 EdAs  AEE,
R (o, na)e 471 385 A8 &
43t FHAG 22 ZAE FH4FE do 232
g, m 8 UAE Fo] FHG AAE FH
2 XW}Z] AlY 243 FAE 27 ZA
o

s}
AN & AWAL E= S5 E 9n g
of o Rpgp(e, n

(reflection coefficient) 2] uf & jol ofufgt
FEF 8280 gi= & 19 77 #E
7EA 28y, oA Jo F& L
?_]":—"] Ax Agole ol A HE I
g FAM Fo] FoEHe FUT WHF
7} li‘:} A g o]e} o] wHAMA S}
FE& F5se 290 EAste wiA 2%
3o Hlg #A =S Fresnel's formula[7]] <]
o] Fold tEAQ H #HAHAE AHRS}
o B dFe AL HEsd g 22
Fee] AL 48 F+ AUk

4-n,,- sm(o

n;l/ )(nl-.(i m/

R(p.7,)) =1~

(n; = —sin’ (0)/
F5 ol 9%
AR soot7} 2
<1 4] 2= (absorption
index, ”uil') gl 91EI'°4 F2 A7 €. e
AN FEBoz JArE Fo A7 AE 2
date] ZFAGAAN AE 24 WFe A
soot LFE #ol F2 FH9EHA FPY 5
o, g5 ZAWES &t HwAl"
9 Fo AN7|I7F 2 Y <7 soot LPE
o Hl#gte] ZASHA Eot

02 dzede] AHER29 Aol A
24 FHEY AFHEE dFA soot o=

2, QEAY £9 283 299 s
2P BAL AW £E 2 A2 &
ol 2HEL FAATIEH Wetal 2
Ashe 2AEE F7HAUY,

3. AEFE=R

Fig. 32 & 439 A18€ AF FAE Y
B ok A AXdE 54 edo]
dse AL WA} 7] Y8 F271E P
o] 23 9 bath Aol soot A AA L <
4o 58 FAHY F e SxAAME FF
s, AA el oddM oA Yol
T UE Y #F EBHVIE A=s 29
W 591" FIE xrt FYEA BAag £
NEZ 317 93t 713&o] 7153 muky)
gt E2F0EY 2 £#FI(02 kW)E 4

123



Notebook PC

UsB Temperature

sensor

. T— Stirrer

Homogenizer —— ﬂ

5

\, =

Electronic block

Fig. 3. Overall view of the test apparatus.
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Fig. 7. Output voltage drop caused by
carbon black 1 wt% concentration.
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Fig. 9. Output voltage changes vs. the
flow turbulence(for carbon black 0.5 wt%).
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