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THE  INFLUENCE  OF  AW/EP  ADDITIVES  ON  THE
SURFACE  LAYER  CHANGES  UNDER  SCUFFING  LOAD
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Table 1. The dependence of contact zone diameter on the friction conditions, kind of
additive and additive concentration in lubricant

Dodatek D2 Dodatek D3
St@'�*���
[%] wag.

ObciB'�*�� >)��*�
�
2������E��L

St@'�*���
[%] wag.

ObciB'�*�� >)��*�
�
2������E��L

0,5 Pt – 400 N 0,46 0,5 Pt – 400 N 0,44
0,5 Pt 0,79 0,5 Pt 0,57
0,5 Pt + 400 N 1,17 0,5 Pt + 400 N 0,87
1,0 Pt – 400 N 0,51 1,0 Pt – 400 N 0,49
1,0 Pt 0,74 1,0 Pt 0,62
1,0 Pt + 400 N 1,13 1,0 Pt + 400 N 0,86
2,0 Pt – 400 N 0,50 2,0 Pt – 400 N 0,48
2,0 Pt 0,57 2,0 Pt 0,61
2,0 Pt + 400 N 1,44 2,0 Pt + 400 N 0,75
2,0 Pt – 400 N 0,53 2,0 Pt – 400 N 0,48
2,0 Pt 0,92 2,0 Pt 0,60
2,0 Pt + 400 N 1,52 2,0 Pt + 400 N 0,66
7,5 Pt – 400 N 0,53 7,5 Pt – 400 N 0,53
7,5 Pt 0,94 7,5 Pt 0,60
7,5 Pt + 400 N 1,17 7,5 Pt + 400 N 0,69
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Fig. 1. Images of contact zone obtained before scuffing load for balls lubricated with oil
compositions with a) 0,5% D2, b) 7,5% D2

a) b)
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Fig. 2. Images of wear scar on the balls obtained for oil compositions with 0,5% content
of D2 additive a) at scuffing load, b) after exceeding of scuffing load
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Fig. 3. IR spectrum of organic products at contact zone before breaking down of
lubricating film
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Fig. 4. EDS spectra obtained at scuffing load for balls lubricated with oil compositions
with: a) 5% D2, b) 5% D3
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Fig. 5. SEM images of wear scar and elements distribution in the wear-scar surface for
5% concentration of D2 or D3 additives
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Summary

The authors investigated the influence of AW/EP additive composi-
tions in mineral base oil on the changes of a surface layer under scuff-
ing conditions. The tribological tests were carried out with the use of
four-ball extreme-pressure tester employing a method with continu-
ously increasing of load. The runs have been stopped at scuffing load
(Pt) and at loads about 400 N higher and lower from Pt. The analyses of
surface were performed with the use of IR microspectrophotometry,
scanning electron microscopy with energy dispersion spectrometry and
X-ray photoelectron spectroscopy. It has been stated that the
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tribochemical reactions of steel surface and lubricant proceed at loads
lower from a scuffing load. The protective layers are formed on the
surface layer as a result of these reactions. The protective layers are
removed during scuffing and surface layer undergoes a radical change
at contact zone. The oxygen and carbon plays an important role in
these processes.
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