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Antigorite is a Mg-rich 1:1 trioctahedral-structured layered silicate mineral of the serpentine group. Antigorite with layered
structure can be used as a lubricant and friction reducing material to repair the friction pair of iron agent on line.
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1. Introduction

Layered minerals are known as laminar structure minerals or layer lattice minerals, have layer crystal structure in which
the atoms within a layer are held together by a chemical bond stronger than the bond between the layers. This provides
an isotropic shear property with preferred easy shear parallel to the basal planes of the crystallites, and result in the ability
of basal planes to slide easily over one another (L. This may be the reason that layered minerals can provide low friction
coefficients and be used as solid lubricants [2I214],

The earlier researches on frictional behavior of antigorite were conducted by geologists and geophysicists, with the intent
of seeking information about the strength and sliding stability of natural faults containing antigorite RIEIZBILNLL | the
recent decades, there has been considerable interest in using antigorite to reduce friction and wear of machinery and
equipment. Significant progress has been achieved in the research and development of antigorite’s application in the
lubrication of machine components. The research results indicated that antigorite micro—nano powder (AMNP) may

significantly reduce friction coefficient and wear of friction pairs, and be one kind of excellent anti-frictional and lubrication
materials [L2/[L3][14][15][16][17][18][19][20][21][22][23][24][25][26][27]

2. Mineralogy and Powder Characteristics of Antigorite

The theoretical chemical composition of antigorite is SiO, 43.37%, MgO 43.63%, H,O 13.00%, with an ideal formula of
MgsSisO10(OH)s. They can exhibit the substitution of Si** cations by AI**, Fe3*, or Cr3*, and Mg?* by Fe?*, Mn2*, Ca%*, or
Ni2* [28129] The actual composition of naturally occurring antigorites exhibits variation in the SiO,, MgO and H,O, and
minor proportion of Al,O3, FeO, Fe,03, MnO, Ca0, Cr,05 and NiO are also present AEABLE2]

Antigorite belongs to the group of trioctahedral 1:1 layered silicates, consisting of one tetrahedral (T) and one octahedral
(O) sheet. The T sheet is formed by the two-dimensional polymerization of Si-centered tetrahedra sharing three out of four
oxygen atoms with other tetrahedra. The unshared oxygen atoms are bonded to Mg atoms that jointly with OH groups
form the octahedral sheets (O sheet). The T- and O- sheets are variably arranged and stacked one above another, and
the thickness of the T-sheet is thinner than that of the O- sheet, resulting is a subtle dimensional misfit between the two.
This misfit can be reduced by substitutions in the tetrahedron, which in turn reduces interlayer strain and consequently
enhances the mineral's stability 28128, The layers in the structure are linked by hydrogen bonds that form by pairing
oxygen on the basal tetrahedral surface of one layer with an OH-group on the upper octahedral surface of the layer below.
These bonds are generally long and weak but can be modified by the degree of substitution B2l This crystal structure
gives rise to typically platy or lamellar along (001) and perfect cleavages on {001} of antigorite.

Mohs hardness of antigorite is between 2.5 to 3.5, the Vickers microhardness are within a range from 196.3 to 204.9 4!,
Its theoretical and measured densities are 2.61 g/cm? and about 2.65 g/cm?, respectively 241,

Figure 1 shows a typical DTA/TG thermogram (Differential Thermal Analysis/Thermogravimetric Analysis) of the antigorite

powders. The DTA curve shows two endothermic peaks and two exothermic peaks. The first broad endothermic peak in
the 70-107 °C is due to the loss of adsorbed water, the second intense endothermic peak in the 620-707 °C may be
attributed to the loss of structural water of antigorite. The first apparent exothermic peak at 793 °C partially overlaps the
831 °C sharp endothermic peak (the second), which indicates the formation of the new minerals. The former corresponds
to forsterite formation, the latter corresponds to the formation of enstatite + forsterite (4135136 The TG curve shows
outstanding weight losses during 620-707 °C, which corresponds to the intense endothermic peak in the DTA curves.
Apparent activation energy of the reaction in the temperature range 612—708 °C was 255 kJ/mol for antigorite 7.



Figure 1. DTA/TG thermogram of the antigorite [,

Natural antigorite is commonly bladed or fibrous. The antigorite as a lubrication material is usually bladed or lamellar
(Figure 2), and processed into micro-nano scale powders by powder processing equipment [4[2111221[23],

Figure 2. Bladed and lamellar antigorite . (a,b) are different particles in the same sample.

Antigorite showed a positive zeta potential over a wide pH range with a pH value of close to 10 at its isoelectric point 8],
which is readily wetted by water and is said to be hydrophilic B2I441 | order to improve the compatibility of AMNP and
organic lubrication medium, the surface modifications of AMNP have been investigated 122122 The formation of
organically modified antigorite is carried out by applying the surfactants as boric acid ester, sorbitan monostearate
(Span60), polysorbate 60 (Tween60), oleic acid, polyvinyl pyrrolidone (PVP), silane coupling agent (HK560), sodium
dodecyl benzene sulfonate, trolamine, stearic acid, sodium stearate L[211221[42][43][44]45] The studies investigating the
surface modifications of AMNP have shown that modified powders present superior dispersion and suspension stability in
the nonpolar solvent. It was found that the modifiers of oleic acid or Span60 combined with borate at 1:1 (mass ratio) had
the best modification effect on AMNP [24],

3. Conclusions

Lubricity and anti-wear of antigorite may be related to its lamellar morphology, medium hardness, abundant hydroxyl
water and surface unsaturated charge, strong ion exchange capacity, easy to slide between layers and high temperature
phase transition. Under the action of friction kinetic energy and heat energy, the bladed AMNP forms a friction reaction
layer having low roughness and high hardness on the friction pair surface by abrasive polishing and ion exchange, which
effectively reduces the friction resistance and wear of the friction pairs.

As a lubricant additive, AMNP should have a bladed morphology with a blade diameter less than 2 microns, and should be
subject to surface modification of organic matter.

The AMNP can be mixed with different types of lubricating oil to form a suspended solution, or evenly mixed with base
grease to make a complex grease, or mixed with matrix materials (such as PTFE and Al alloys) to make solid composite
materials. AMNP used as a lubricant additive for PTFE can significantly reduce the wear of PTFE, which can extend the
service life of the PTFE friction seal components.

As already noted, the tribological properties of calcined AMNP under 300 °C are better than that of the uncalcined AMNP.
The AMNP used as a lubricating material should not be calcined at temperatures >600 °C.

The application of AMNP in industrial equipment could reduce friction wear and improve cylinder pressure; reduce the
consumption of engine fuel and lubricating oil, as well as the temperature of lubricating medium and the emission of
pollution, obviously prolong the service life of the friction parts of the equipment, extend the overhaul period of the



equipment and improve the service efficiency.

Antigorite as a lubricant has not yet formed a set of standards and specifications, which is a technical obstacle that
restricts the large-scale application of AMNP in industry.

In published papers, some authors indiscriminately refer to “antigorite” as “serpentine”. In fact, the “serpentine” is a group
of minerals that contains lizardite, antigorite and chrysotile 8. Although the three minerals share the same composition
(MggSisO10(OH)g), they have different structures. Lizardite shows an ideal layer topology, whereas antigorite is a
modulated layer and chrysotile is a bent layer. Of the three minerals, antigorite is currently the only additive lubricant,
while fibrous chrysotile is not used because of its potential environmental hazards. The authors suggest that “antigorite”

rather than “serpentine” should be used as a lubricant.

Some papers refer to antigorite as a “self-repairing” material based on its anti-wear properties 234447 The word “self-
repairing” means that the object itself has a self-repairing function. In fact, antigorite was not repaired during the friction
process, but the friction pair using AMNP was repaired. So, “self-repairing” may be an inappropriate term to describe the
effects and functions of antigorite, and so should be abandoned.
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