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ABSTRACT: To evaluate the anti-micro-pitting performances of three extreme pressure & antiwear (EP&AW) additives
containing phosphorus, MPR tests which can simulate the micro-pitting conditions were conducted. Meanwhile, four-ball
tribometer, copper corrosion tester, baking oven and lubricating film thickness meter were used to study the other performances
of tribology, anti-corrosion, antioxidant and lubricating film. Moreover, mechanism of anti-micro-pitting was investigated in
detail. The oil with dispersed phosphorus and nitrogen EP&AW additive can show the best overall performance. After 9 hours
MPR test of the oil added with dispersed phosphorus and nitrogen EP&AW additive, change rate of MPR roll track width is
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35.87%. With four-ball tribometer test of this oil, maximum non-seizure load of 1441.6 N is obtained, and its relevant wear

diameter of ball is 0.38 mm. When test load of four-ball test is bigger than 294 N, friction coefficient of the oil with dispersed

phosphorus and nitrogen EP&AW additive is the smallest. Moreover, anticorrosion and antioxidant performance of this oil is

good, copper corrosion grade is 1b, and steel disc grade is 1 score with no oil sludge. The oil with dispersed phosphorus and

nitrogen EP&AW additive can form lubricating film with thickness of 371.2~153.6 nm when temperature is 60~120 ‘C. The

dispersed phosphorus and nitrogen EP&AW additive possesses moderate chemical activity and shows the best overall

performances.

KEY WORDS: EP&AW additive containing phosphorus; anti-micro-pitting; anti-wear & anti-friction; oil film thickness;

friction oxidation; anti-corrosion
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Fig.1 Molecular structure of different EP&AW additives
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Tab.1 Performance comparison of different EP& AW additive containing phosphorus

Four-ball test

No. Base oil Additive PN oy Copper sheets corrosion (121 “C, 3 h) grade
GO-0 100% 706.1 0.70 2a
GO-1 99% 1%P-1 1078.7 0.44 2a
GO-2 99% 1%P-2 2157.5 0.67 3b
GO-3 99% 1%P-3 1441.6 0.38 1b
Test method GB/T 3142 NB/SH/T 0189 GB/T 5096
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Fig.3 SEM images of friction surfaces on steel balls lubricated by different EP& AW additives
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Tab.2 Element distribution of the friction surface on steel balls and WSD

GO-0 GO-1 GO-2 GO-3
Item
1 2 3 4 5 6 7 8 9 10
C/% 6.81 4.71 6.37 7.06 6.37 5.78 3.61 5.45 4.38 5.67
0/% 5.47 1.73 2.25 — 8.45 5.72 6.64 6.91 10.25 —
Cr/% 1.53 1.48 1.24 1.82 1.25 1.49 1.34 1.41 1.36 1.38
Fe/% 86.19 91.50 89.25 91.12 81.60 85.44 86.54 84.21 80.75 92.95
P/% — 0.58 0.89 — 2.33 1.56 1.88 2.03 3.26 —
WSD/mm 1.00 0.55 0.56 0.48
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Fig.4 Images of beakers after the antioxidant test
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Tab.3 oven oxidation result of different EP& AW
additive containing phosphorus

GO-0 GO-1 GO-2

Item GO-3

Conservation
rate of P/%

Sludge of cup
bottom

Grade of steel
disc (score)

— 99.80 90.71 99.90
Nothing Nothing Nothing Nothing

2 2 2 1
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Fig.5 Images of steel discs after the antioxidant test
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Fig.6 Thickness of lubricating film of different oils at different temperatures and velocities
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Tab.4 Dynamic viscosity and pressure-viscosity coefficient of different oils at different temperatures

Item GO-0 GO-1 GO-2 GO-3 Test method

Dynamic viscosity of 60 “C/(mm*s™") 131.33 127.33 131.00 130.33
Dynamic viscosity of 90 ‘C/(mm?s™") 47.11 46.00 46.95 46.90 GB/T 265
Dynamic viscosity of 120 “C/(mm?*s™") 21.98 21.57 21.97 21.86

Pressure-viscosity coefficient of 60 ‘C/(x107* Pa) 3.41 3.56 3.60 3.58

Pressure-viscosity coefficient of 90 ‘C/(x107® Pa) 2.66 2.73 2.79 2.76 Calculation!'”!

Pressure-viscosity coefficient of 120 ‘C/(x107® Pa) 2.15 2.22 2.30 2.28
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Tab.5 MPR simulation results

Conservation rate of Roller track width/%

Ne- 6h 9h

GO-0 36.84 53.61
GO-1 27.68 40.47
GO-2 37.10 58.87
GO-3 25.10 35.87
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Fig.7 SEM images of rollers after the MPR test conducted with different oils
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