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Tribological Performance of Phyllosilicate Mineralsas L ubricating Oil Additives
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(1. National Key Laboratory for Remanufacturing, Army Academy of Armored Forces, Beijing 100072, China;
2. Beijing Jinyu Ruiman New Materials Technology Co. Ltd., Beijing 102300, China)

Abstract: Tribological properties of three different silicate natural mineral powders, i.e., sepiolite, attapulgite and serpentine as
lubricating oil additives were investigated in an UMT-3 tribometer. The morphologies and elemental components of the worn surfaces
were analyzed by scanning electron microscopy (SEM), energy dispersive spectrometry (EDS) and X-ray photoelectron spectroscopy
(XPS). The relationship between the structure of silicate as well as its anti-wear and friction reducing mechanism were discussed. The
results indicate that all three silicate powders can provide excellent tribological properties as lubricating oil additives. Compared to
500SN, these additives have lower friction coefficients and wear volumes, which are 2.4%—-25.5% and 37.4%—56.2%, respectively.
The friction films are formed with iron oxide, silicon oxide and graphite when silicate powder additives are used, providing the
excellent anti-wear and friction reducing properties. Unlike serpentine, attapulgite and sepiolite have a fibrous structure, and the TOT

at a higher load.
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Table 1 Chemical composition of different silicate mineral powders w/%
Silicate mineral SiO, MgO Al O3 Fe O3 FeO K>,O CaO TiO, MnO P,05 H,O
Sepiolite 58.37 23.46 2.71 3.14 0.72 0.36 0.46 0.03 10.75
Attapulgite 63.11 15.45 3.98 2.20 1.04 0.40 0.55 0.05 0.18 13.04
Serpentine 44.57 41.10 0.20 0.62 0.13 0.60 0.07 1271
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Fig. 1 TEM images of the surface-modified silicate powders
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Table 2 Elemental content of worn surfaces lubricated
with 500 SN and oil containing silicate powders

Mole fraction/%

Worn surface
Fe C (6] Si Mg

500SN 90.72  4.96 432
Oil containing sepiolite 58.32 6.65 3415 052 036
Oil containing attapulgite 61.42 1421 16.52  7.08 0.77

Oil containing serpentine 77.99 6.27 1521 022 031
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Table 3 Material content (mass fraction w) of friction surfaces under different lubrication conditions obtained by area

calculation of XPS spectras wi%
Fe 2}73/2 Ols Cls
Silicate Iron organic Organic Metallic . Pollution Organic
Fe FeO Fe(OH)O Fe;04 Fe,0; . Graphite

matter compounds oxide carbon compound
500SN 57 13 10 8 12 78 21 13 45 42
Sepiolite 36 17 16 16 8 7 56 44 29 31 40
Attapulgite 24 11 18 20 21 6 24 76 42 58
Serpentine 46 11 14 14 15 65 35 25 30 45
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