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A Study on Scuffing and the Formation of the Protective
Layers Based on Dual Film Formation

Young Ze Lee
Dept. of Mech. Design and Prod. Engineering, HonglK University

Abstract—Actual break-in and scuffing damage of steel surfaces in boundary lubrication was found
to be due primarily to the rate of growth of “protective” films of oxides and compounds derived
from the lubricant. The protection afforded by the films is strongly dependent on lubricant and
steel composition, initial composite surface roughness and the load/speed sequence or history
in the early stages of sliding. The protective films, formed by chemical and mechanical action
between lubricant and mating surfaces, delayed the surface roughening and offered higher load
capacity. Given the great number of variables involved it is not possible to follow more than
a few of the chemical changes on surfaces at the end of experiments. Ellipsometry was therefore
used to monitor the formation and loss of dual protective films in real time, and also to find
the effect of protective films on scuffing and break-in depending on lubricant conditions.
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Table 1. The composition of the protective films calculated from the ESCA results

Lubricant Number of Ion etching Etch depth % Pure % Iron % Organo™
ubrica ion etching time(min) (Approx.) (A) Iron Oxide Iron Comp.
Paraffin 1 05 20-30 30 34 36
Base oil 1 0.3 15-20 0 51 49
2 16 60-90 37 46 17
Paraffin + ZDP 1 0.5 20-30 39 8 53
2 1 40-60 56 8 36
3 15 60-80 67 7 26
4 2 80-100 80 6 14
5 2.5 100-120 88 4 8
6 3 120-140 91 3 6
Base oil+ZDP 1 0.15 10-15 1 13 86
2 0.4 20-30 10 14 76
3 1.1 45-60 35 16 49
4 1.8 65-95 52 10 38
5 25 100-120 64 11 25

*The majority of which is organo-iron compound
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