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Preparation of Ga-based liquid metal@COFs and tribological
propertiesof its polyimide composite coatings
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(1. College of Bioresources of Chemical & Materials Engineering, Shaanxi University of Science & Technology, Xi'an
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Abstract: Solid-liquid composite lubricating microcapsules (GLM@COFs) were prepared by coating
polyvinylpyrrolidone (PVP) modified Ga-based liquid metal (GLM) with covalent organic framework
polymers (COFs), characterized by TEM, XRD and EDS, and then added into polyimide (PI) to obtain
GLM@COFs/PI composite coatings. The effect of GLM@COFs content [on the basis of total mass of
4,4'-diaminodiphenyl ether (ODA), benzetetracarboxylic anhydride (BTDA) and GLM@COFs, the same
below] on the tribological properties of GLM@COFs/PI composite coating was analyzed, while the wear
mechanism of wear surface on the coating was explored by SEM and XPS. The results showed that
GLM@COFs was spherical with an average particle size of about 2 pum. GLM@COFs/PI composite coating
with 0.9% content of GLM@COFs exhibited the best tribological properties, with the friction coefficient
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and volume wear rate of 0.22 and 6.3x10° mm®/(N-m), respectively, reduced by 35.3% and 61.1%
compared with those of the PI coating without GLM@COFs. COFs coated GLM not only effectively
improved the compatibility between GLM and PI matrix, but also achieved synergistic reduction in friction

and wear resistance between COFs and GLM. A solid-liquid composite self-lubricating transfer film on the

friction surface was fromed, thus avoiding direct contact between the matrix and the metal friction pair, and

effectively reducing the friction coefficient and volume wear rate of the composite coating.

Key words. Ga-based liquid metal; covalent organic framework polymers; polyimide coating; tribology;

functional materials
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Fig. 2 Schematic diagram of preparation process of GLM@COFs/PI composite coating
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Fig. 3 Particles size distribution curves of unmodified and
PVP modified GLM after placement for 24 h

ME 3 ATRLE S, ARECPER) GLM 0 k48
I AEETE, AE 160 nm~5 pm; 1] PVP 5Pk GLM &
T ERAR AL T 100 nm, HAMEIERIHA . KR
M GLM BUETEZE, E 24 h i kAERE, 5

H GLM RSFAEK, migsd PVP etk fE, GLM B
CE 24 WP DIBREAAAE, A kAN HIE.,
2.2 COFsHIRIERH

% 4y COFs, TP 11 TAPB fJ FTIR %X,

COFs

3440 1674
TAPB 162

3428 \3344
TP

1690
|

4000 3500 3000 2500 2000 1500 1000 500
PBeE/em™

14 TP. TAPB Hil COFs /) FTIR i &l
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Fig. 8 Effect of COFs addition on friction coefficient (a)
and average friction coefficient and volume wear
rate of COFs/PI composite coating (b)
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Fig. 9 Effect of GLM@COFs addition on friction coefficient
(a) and average friction coefficient and volume wear
rate of GLM@COFs/PI composite coating (b)
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Fig. 10 SEM images of wear surface of PI coating (a),
0.6% COFs/PI (b) and 0.9% GLM@COFs/PI (c)
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Fig. 11 Schematic diagram of wear mechanism of
GLM@COFs/PI composites
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Fig. 13 DSC curves of PI coating and GLM@COFs/PI
composite coating
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