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Characterization of the Boundary Films Formed
in Lubricated Sliding at High Temperatures

Sung-Hoon Choa

Core Technology Research Center, Samsung Electronics Co.

Abstract— The boundary films formed in sliding on steel surfaces were characterized using va-
rious lubricants. The mechanism of boundary film formation and loss was investigated over a
range of temperature. The thickness of the boundary films was monitored in-situ by an ellipsome-
ter, and the composition of the films was analyzed by XPS. The performance of the lubricants
is closely associated with boundary film forming ability. In order to achieve high load carrying
capacity, a boundary film must be formed on the surface. Sliding is necessary to form the films
and some time is also required. As temperature increases, chemical reactivity increases the film
formation rate, while the film removal rate increases due to the decrease of durability of the
boundary film material. There is a balance between these two competing mechanisms and this
balance is reflected in the boundary film thickness.
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Fig. 1. Cylinder-on-disk friction machine.
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(c) ZDP.
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Fig. 3. (a) Experimental set up and automated Mueller
Matrix Ellipsometer; (b) Enlarged view of the sliding sur-
face in the oil bath.
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Fig. 4. The growth of boundary film in plain mineral oil
with increasing loads at four temperatures. (a) film thick-
ness, (b) friction coefficient.
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Mineral oil with 2% ZDP
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Fig. 5. The growth of boundary film in mineral oil with
2% ZDP with increasing loads at five temperatures. (a)
film thickness, (b) friction coefficient.
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Fig. 6. The growth of boundary film in mineral oil with
1% ZDP with increasing load at two temperatures. (a)
film thickness, (b) friction coefficient.
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Mineral oil with 0.5% ZDP
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Fig. 7. The growth of boundary film in mineral oil with
0.5% ZDP with increasing load at two temperatures. (a)
film thickness, (b) friction coefficient.
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Fig. 8. The growth of boundary film in synthetic lubricant

X-1P with increasing load at four temperatures. (a) film
thickness, (b) friction coefficient.
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Fig. 9. The growth of boundary film in polyphenyl ether
with increasing load with two temperatures. (a) film thick-
ness, (b) friction coefficient.
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Table 1. Atom % summaries for 2% ZDP-induced film

¥

Specimen: Fe 0 C N Zn P S
100C at 601 N 9.0 305 46.0 19 25 83 19
150TC at 1101 N 2.8 324 47.8 2.0 45 85 2.1
150T at 195 N 4.0 35.8 343 <1.0 6.4 154 4.0
200C at 265 N 73 33.9 43.0 35 2.1 7.2 3.0
Table 2. Atom % summaries for X-1P induced films

Sample Fe F (6] N C P
100C, 328 N on wear track 4.2 13.8 36.6 39 36.7 4.2
100C, 328 N off wear track 5.3 9.6 34.3 4.8 44.2 24
100, 1164 N on wear track 2.7 12.0 275 41 46.2 7.4
100C, 1164 N off wear track 34 136 304 34 45.3 39
250C, 328 N on wear track 3.3 16.6 279 4.6 39.8 7.8
250C, 328 N off wear track 2.6 135 34.1 4.1 36.3 94
250C, 976 N on wear track 1.0 18.3 174 52 53.3 4.7
250C, 976 N off wear track 1.8 18.2 284 5.2 379 79
X-1P Neat on Au* 26.0 10.3 42 55.3 4.1

* “X-1P Neat on Au” means that some drops of neat X-1P lubricant were deposited on the Au surface for

analysis.
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Fig. 13. Atom % summary of the sputter depth profile
for the film formed in X-1P at 250°C, 976 N
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