49™ |eeds-Lyon Symposium on Tribology — September 2-4, 2024, Lyon, France
50 years of Leeds-Lyon

SELF-LUBRICATING FABRIC COMPOSITES ENHANCED BY THE
MICROCAPSULES TO IMPROVE THE TRIBOLOGICAL PROPERTIES

Chaoying Liao®®, Zhaozhu Zhang®®", Mingming Yang®®, Weimin Liu*®

zzzhang@licp.cas.cn ; wmliu@licp.cas.cn
% State Key Laboratory of Solid Lubrication, Lanzhou Institute of Chemical Physics, Chinese Academy of
Sciences, Tianshui Road 18th, Lanzhou 730000, PR China
® Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of
Sciences, Beijing 100049, PR China

KEYWORDS

Friction; Wear; Mixed Lubrication; Microcapsule

ABSTRACT

With the rapid development of advanced technology, the
demand for wear-resistant and friction-reducing materials is
increasing. Microencapsulation was a technology in which an
organic or inorganic material was used as the shell layer and a
solid, liquid or gas was stored inside it as the core material. In
the field of lubrication, the core material in microcapsules was
often chosen to be a liquid phase, which provided boundary
lubrication and thus significantly reduced the coefficient of
friction. However, the incorporation of microcapsules into the
composites severely degraded their mechanical properties in
many cases [1]. Addressing the degradation of mechanical
properties due to the introduction of microcapsules and
improving tribological properties was an urgent issue. Gong et
al. found that reducing the particle size (65 nm) can effectively
improve the mechanical properties of the composites[1]. Wang
et al. prepared nanoscale microcapsules using polydopamine to
encapsulate eclogite containing gold nanoparticles and ionic
liquids. The mechanical properties of the composites were
significantly improved[2]. In this paper, we propose two ideas
to solve this problem. One way is to make the microcapsule and
resin form hydrogen and chemical bonds double cross-linked.
The GO-COOH/TiO, @PAO double-wall microcapsules
(Capsule) were prepared by interfacial condensation
polymerization of titanium butoxide (TBT) and self-assembly
between GO-COOH and TiO, shell (Fig. 1). A double crosslink
of chemical bond (amide or ester) and hydrogen bond were
constructed between microcapsules and polyimide (Pl) to
improve the mechanical properties of PEEK fabric-reinforced
polyimide resin (PEEK/PI). Another approach is to introduce
gold nanoparticles and copper nanoparticles on the surface of
TiO,-coated jojoba oil microcapsules by photodeposition.
Moreover, the hydroxyl groups on the surface of microcapsules
were designed to react with the carboxyl groups of Pl, which
also effectively improved the mechanical and tribological
properties of the composites. The strategy proposed in this

work is expected to be a general solution that can be extended
to other fabric composites with excellent lubricating
performances by adding microcapsules with different kinds of
the solid-liquid core system into the composites.

Fig.1 TEM images of (a) GO, and the inset showed the SAED
pattern of GO; (b) GO-COOH, and the inset shows the SAED
pattern of GO-COOH; (c) TiO,@PAO, (d) Capsule. SEM
images of (e and f) TiO,@PAO, (g and h) Capsule. EDS image
(i) and elemental mapping images (i;-iz) of TiIO,@PAO.

ACKNOWLEDGMENTS

The authors acknowledge the financial support of the
National Natural Science Foundation of China (Grant Nos.
52075523, 52275220).

REFERENCES

[1] Gong H, Song Y, Li GL, Xie G, Luo J. A highly tough and
ultralow friction resin nanocomposite with crosslinkable
polymer-encapsulated nanoparticles. Composites Part B:
Engineering. 2020;197:108157-65.

[2] Wang Y, Zhang Z, Jiang W, Wang K, Liu M, He Y, et al.
Mono-dispersed AuNPs decorated enlarged halloysite
nanotubes to encapsulate [HMIm][NTf,] microcapsules for
improving the wear resistance of composites. Composites Part
A: Applied Science and Manufacturing. 2023;175.






