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Abstract: Layered double hydroxides (LDHSs) with special layered structure as lubricant additives can remarkably reduce the friction
and material wear of mechanical systems, but little research has been devoted to this material in the field of tribology. The structure,
properties and preparation methods of LDHs are reviewed, the different synthesis methods of LDHs are further compared and
evaluated. Moreover, the tribological behavior of LDHs materials as oil based, grease based and water based lubricant additives are
reviewed. Relevant research results show that LDHs materials as oil, grease and water-based lubricant additives can form a protective
film containing metal oxides, which has high wear resistance and self-lubricating ability, and the protective film can also achieve the
effect of friction reduction and wear reduction. However, when LDHs are used as oil-based lubricant additives, there are problems of
size effect and poor dispersion stability, which become the key factors limiting its wide application. Surface modifiers are usually
used to improve the dispersibility of LDHs materials in lubricants, such as lauric acid, oleic acid and oleylamine. This paper is a
reference for the research and application of LDHs.
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Table 1 Preparation methods of LDHs in the field of tribology

Types of lubricant

Preparation method Types of LDHs dispersion Friction pair References
Lubricating oil . . .

Hydrothermal method CoAl-LDHs (CD15W-40) Ball with a diameter of 12.7 mm is made of GCr15 steel [55]
Al T . Both balls (diameter:10 mm) and discs (¢ 24.0 mmx7.9 mm,

Urea method NiAl-LDHs Lubricating oil (PAO-4) GCr15) were made of GCr15 steel [7]
Both balls (diameter:10 mm, surface roughness Sa 8.4 nm)

Co-precipitation method MgAI-LDHs Grease (Mobil MP) and disks (polished, surface roughness Sa 7.6 nm) were [56]

made of AISI 52100 steel

Ball was made of SisN4 with diameter of 4 mm, and surface

Hydrothermal method NiAl-LDHs Deionized water roughness (Sq) of 16.5 nm. The disk was made of Al,O3 [8]

ceramic with surface roughness (Sq) of 10.9 nm.
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Table 2 Wear scar diameters of sample balls in the different conditions %!

Wear scar diameter / mm

Sample Reduction compared with oil / %
Ball 1 Ball 2 Ball 3 Average
Base oil 0.453 0.477 0.459 0.463 -
a 0.451 0.464 0.405 0.440 4.97
f 0.455 0.452 0.458 0.455 1.73
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Table 3 Friction factor of additives with
different concentrations!*!

sample N_Iass _A_verage Reduc:tion _compared
fraction /%  friction factor with oil / %
a 0 0.102 -
b 0.3 0.045 55.9
c 0.5 0.032 68.6
d 1.0 0.052 49.0
e 15 0.081 20.6

x4 DMIREERIETRERERM
Table 4 Wear scar diameters of balls in

the four-ball friction test™**

Wear scar diameter / mm Reduction compared

Sample

Ball1 Ball2 Ball3 Average with oil / %
a 0491 0486 0448 0475 -
b 0423 0408 0.396 0.409 13.9
c 0365 0357 0352 0.358 246
d 0372 0364 0379 0372 219
e 0373 0404 0376 0.384 19.2
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Fig. 6 SEM images (a), XRD patterns (b), friction factor (c) of ZnAl-, MgAl-, NiAl- and CoAl-LDHs, and wear
condition of base grease and those with 1wt% LDHs (d) ! (PS: Unified scale of the four figures in Fig.6a is 1 um)
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