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An Experimental Study for the Minimization of Soot Adsorption
on the Optical Surface of an Engine Soot Detector (I)

Hak-Yal Kim, Hosung Kong, Hung-Gu Han and Eui-Sung Yoon'
Tribology Research Center, KIST

Abstract — The adsorption of soot particles onto a sensor surface of the engine soot detector posses a critical
problem in the measurement. In order to prevent the optical rod surface from soot contamination, various func-
tional coatings and flow-induced cleaning were applied to the surface in this work. For surface coatings, various
materials of self-assembled monolayers (SAM) such as OTS (octadecyltrichlorosilane), PFDTES (perfluo-
rodecyl-triethoxysilane) and PFDTMS (perfluorodecyltrimethoxysilane) were coated on the optical rod surface,
which have different characteristics in both hydrophobicity and oleophobicity. These coatings were tested with
soot content varying from 0% to 3 wt% and oil temperature from 20 to 70°C. Test results showed that surface
coatings were not effective for preventing the adsorption of soot particles on the surface of optical rod. It was
thought that these coatings provided the surface with additional attractive surface forces. However, it was found
that adsorption of soot particles onto a sensor surface was minimized by flow-induced cleaning. This effect was
tested with varying the flow velocity.

Key words — engine soot, soot detector, surface coating, adsorption, flow-induced cleaning.
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Fig. 1. Penetration of an electromagnetic field into the
external medium by Total Internal Reflection (TIR).
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Fig. 2. Output power of optlcal radiation at the outlet of
an optical rod.
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Fig. 3. Overall view of the test apparatus.
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Table 1. The properties of various functional coatings tested

OTS coating PFDTES coating PFDTMS coating
Formula CH,(CH)17SiCl CF;(CF,);(CH,).Si(OCHs)s CF5(CF2),(CH2).Si(OCHs);
Wetability hydrophobic & oleophilic hydrophobic & oleophobic hydrophobic & oleophobic
Coating thickness (nm) about 2.4 about 1.0 about 1.0
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Fig. 4. Contamination index vs. carbon black concen-
tration.
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Fig. 5. Changes of the sensor output in different oil flow
conditions.
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