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Influences of Soot Contamination in Semi-used Oil Supplemented

with FM Agent on Friction and Wear for Cam and Follower

Mitsuhiro Soejima Masashi Nagafuji

Abstract: As reported in the previous studies on the friction characteristics for the cam
and slipper follower, the effect of the anti-wear and friction modifier additives, ZnDTP
and MoDTC, additionally blended as a kind of the supplementary FM agent to semi-used
engine oils on the reduction of friction was made obvious through the experiment to
measure the friction with the cam follower test rig, where the influence of soot
contamination in oil on the friction was examined by mixing the carbon black substituted
for the engine soot. In the present study, the experiment to examine the friction and
wear characteristics was conducted under the condition of comparatively long test
duration with the same test rig and test oils.
follows.

Key study results are summarized as
(1) Both the supplement of the FM agent to the semi-used engine oil and the
increase of the supplement amount seemed to be effective to reduce the friction and wear.
(2) When mixed with the carbon black more than 1.0 in mass percentage, however, the
effect for the wear becomes remarkably low while the effect for the friction is scarcely
kept obvious. (3) The coagulation of soot in o0il should be controlled by the dispersant,
and the allowable rate of soot content in oil is less than 1.0 in mass percentage.

Keywords: Tribology, Friction, Wear, Valve Train, Cam, Slipper Follower, Lubricating
Qil, Friction Modifier, Additive Deterioration, Soot Contamination
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Table 1 Property of test oils

Test Oil S-1 S-3 S-6 S-7 S-8

Rate of Used Oil (mass %){ 100 89 89 100 | 100
Rate of Added Additives (mass%)] 0 11 11 0 0
Type of Additives - | Friction Modifier - -

Kinematic Viscosity 40deg] 632 | 77.72 | 115 | 69.76 | 61.7

(mm?s) 100deg] 9.60 | 12.08 | 17.28 | 1092 | 9.40

Viscosity Index 133 152 169 152 133

Total Acid Number  (mgKOH/g) | 290 | 398 | 353 | 270 | 3.09
Total Base Number  (mgKOH/g) | 1.49 | 198 | 20 129 | 1.08
Ultra Centrifugal Coagulated
Heptane Insolubles (mass %)
Coagulated Pentane Insolubles
(mass %)
Metal Content (ppm) Ca | 1830 | 1760 | 1905 | 1900 | 1690
Zn] 1100 | 1400 | 1350 | 1100 | 1000
P 910 | 1200 | 1150 | 970 850
Mo]| 100 500 465 99 47
Fe 94 65 505 120 120

092 | 054 | 470 | 5.10 1.72

005 | 003 | 127 | 048 | 0.11

Soot Size (Median Value pm) - - 0488 | 0.363 | 0.313
Table 2 Quantitative combination of FM agent
and carbon black in test oils
Test Oil S$-1{82{53|84|S5
Rate of Added
Additives (mass%) ° LN
Rate of Mixed
(4] 0 :
Carbon Black (mass%) 0 1|as
Test Qil §-6|S-7|{S-8| S-9|S-10]
Rate of Added
Additives (mass%) 1 0 0 6 6
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1 1 .
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——
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Fig.2 Distribution of soot size
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