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A surface analysis study is presented to establish the effects of oiliness agents and extreme
pressure agents added in the lubricants for steel sheet rolling.

Rolling oils are used as coolant for rolls and as lubricant to reduce the friction between the roll
and the strip. The degree of wear between them depends on the state of the film produced by
absorption and surface reactions of the lubricant on the metal surlaces.

Quantitative EPMA analysis proves that a phosphoric acid ester used as the extreme pressure
agent decomposes into phosphoric acid which subsequently reacts with the steel surface to form a
film of iren phosphate. The difference in the secondary P ion intensities detected by SIMS on the
surface of low ecarbon steel sheets rolled with different amounts of the ester suggests the optimal
amount of the esters to be added in the lubricant oil is in a range of 3 to 5%.

Synthetic fatty acid esters, used as the oiliness agent, with a structure containing N atoms found
to show a much better lubrication than the conventicnally used compounds of a straight carbon-
chain structure and non N atoms. This was also assured by the XPS analysis of rolled low carbon
steel and SUS 304 steel sheets.
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Fig. 1 Gas chromatogram of decomposition
products of phosphite ester.

Table 1 MS analysis result of decomposition
products {rom phosphite ester.

Molecular Molecular
GC peak|  Substance Tormuia weight
1 Dodecene CizHag 168
2 Tetradecene CueHas 196
3 Hexadecene CrsHsz 224
4 Hexadecenol | CiHaOH 240
5 QOctadecenol CisHasOH 268
4] Eicosenol CaoHasOH 246
7 Docosenol CoaHasOH 324
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Fig. 2 EPMA line scan of P, C for steel test
piece surface,
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Table 2 SIMS analysis of newly created surface (steel strip)

Ion intensity
No.* | Temp Rolling oil composition®* {couns)
C P
1 | R.T  Mineral oil+Palmitic acid (5%) 257 114
2 | R.T |, Mineral oil+DOHP (1%) | 230 13.0
2 | O.E | Mineral oil+-DOHP (1%) {204 18.5
4 | R.T ' Miceral oil+Pelmitic acid (5%)-+DOHP (5%) | 190 21.2
5 | O.H  Mineral oii+Pelmitic acid (5%)+DOHP (5%) | 188 37.8
6 O.H | Mineral 0il+Synthetic ester (10%)+DOHP (1%) ‘ 210 15,0
7 R. T ' Mineral oil+Synthetic ester (30%)+DOHP (2%) 234 18,3
8 R.T ’ Mineral oil+ Synthetic ester (30%)+DOHP (5%) ‘ 204 66.1
.

No. 1, 4, 7, 8 (Room Temperature: R. T) After dipping in the rolling oil,

the steel sheet was kept standing sgainst the wall for 10 minutes.
* Neo. 2 (Room Temperature: R.T) After dipping in the oil, the steel sheet

was cold-rolled (without standing).
After dipping in the heated rolling oil

* No. 3, 5, 6 (Oil Heating: G, H)

(80°C) for 10 minutes, the steel sheet was kept standing against the wall,

and cold-rolled.

% Rolling oils were diluted with n-hexane, the adsorbed amount of lubricat-
ing oil on to the steel sheet was 1 g/m?
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Table 3 Surface composition of steel strip
(newly created surface).
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Table 4 SUS 304 (1. 0% 40* % coil). Cold rolling
schadule of stainless steel.

Surface composition (at %)
SUS 304 - —— O
C O N Cr Fe
1-P 75.18 20.63 | 1.b2 1.06 1.61
3-P 66. 31 27.63 | 0,98 1.42 3.66
5-P B1. 46 32.58 | 0.39 1.61 3.96
C-CM 72,07 23,93 1.87 0. 00 2.63
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PFig. 7 High resclution spectra of Cls for diester {left, SUS 304-ST: monoester).
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Fig. 8 XPS spectra of N 1s for diester (stain-
less steel strip newly created surface).
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