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Abstract: By reason of the self-lubrication characteristic and high chemical resistance of polymer composites, they are
more and more utilized for designing motion systems in the fields of automotive and equipment. In this work, calcium
fluoride (CaF,) particles were compounded into polytetrafluoroethylene (PTFE) and conventional PTFE composite
reinforced with carbon fibers (CF). It was demonstrated that the addition of CaF, improves wear resistance of PTFE.
More interestingly, a synergetic role of CF and CaF, on enhancing wear resistance of PTFE was identified. The
composites filled with combined CF and CaF, exhibits a very low specific wear rate, i.e. 8.9x107 mm’/(N-m). In
comparison to the PTFE composites filled with CaF, ceramic particles or CF, the wear resistance of the composite filled

with multiple CF and CaF, was improved by 11.1 and 2.47 times, respectively. Multiple characterization methods were
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used to comprehensively analyze microstructures and the transfer film and to shed light on complex tribo-

physicochemical reactions and products occurring at the friction interface. Our results demonstrated that carboxylic acid

groups were generated due to tribo-chemical reactions of PTFE molecules. Afterwards, tribological products of PTFE,

graphitic carbon ceramic deriving most probably from pulverized CF, CaF, particles, and tribological products of CaF,

(CaCOj; and CaO) were mixed at the interface and finally tribo-sintered into a compact transfer film. It was surmised that
the high tribological performance of the CF/CaF,-filled PTFE was associated with growth of the hybrid transfer film

probably having an easy-shearing characteristic and high load-bearing capability. Outcome of the present work pave a

route for formulating novel extremely wear-resistant polymer composites.
Key words: PTFE; CaF,; dry friction; transfer film; tribo-chemistry
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Fig. 1 SEM micrographs of the surface morphology of (a) CF and (b) CaF, and (c) particle size distribution picture of CaF,
Kl 1 (a) CFRI(b) CaF, R SR IISEMIE F Fl(c) CaF, kit 434 [
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Table1 Composition of PTFE composites

Volume fraction/%

Materials

PTFE CF CaF,

PTFE 100 0 0
8CaF,/PTFE 92 0 8
15CF/PTFE 85 15 0
15CF/4CaF,/PTFE 81 15 4
15CF/6CaF,/PTFE 79 15 6
15CF/8CaF,/PTFE 77 15 8
15CF/10CaF,/PTFE 75 15 10
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Fig.2 Contact schematic of plate-on-ring test
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Fig. 3 Characterization of friction properties of PTFE composites: (a) friction coefficient; (b) average friction

coefficient and wear rate
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Fig. 4 (a, c) Average friction coefficient and W (b, d) of 15CF/PTFE and 15CF/8CaF,/PTFE composites under
different velocity and load conditions
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Fig. 5 SEM micrographs of the composite worn surfaces and the formed transfer film after rubbing with (a, ¢) GCr15 of
I5CF/PTFE and (b, d) 15CF/8CaF,/PTFE; (e~f) EDS maps of the formed transfer film on GCrl5 after rubbing with
15CF/8CaF,/PTFE
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Fig. 6 IR spectra: (a) unworn and worn surfaces of 15CF/8CaF,/PTFE composite; (b) transfer film formed on the GCr15
counter face after rubbing PTFE composites
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Fig. 7 The XPS spectra of 15CF (i) and 15CF/8CaF2 (ii) composites for forming transfer films after rubbing with GCr15 at
100 N and 0.5 m/s: (a) C 1s; (b) F 1s; (c) O 1s; (d) Ca 2p
K7 TE100N, 0.5 m/sk A T 15CF (i)F115CF/8CaF, (i) 8 &M k-5 GCr1 SAH X EEHE J5 2 1M 72 1 7 I I XPS 1 14«
(a) C 1s; (b) F 1s; (¢) O 1s; (d) Ca2p

FRACH () T A A 2 B 8 JI5E 15 50 41 < Jes 1) 286 P 77 1
RAE T e

O 1B an B 7(c)fr s, 5t Zeit b, it Zeiife
529.0 eV (Fe-O%l ) &b 1 5:8 5 0l 25 AR, it — 2D 3R B
CaF, NI 1 G %o 13 2 1 AU Pk Sk o . ). 78
Ca 2pF i HR [ 7(d)], 347.9. 347.211346.4 eV 1§ %}
N F-CaF, 2ps 5. CaCO; 2ps, F1ICa0 2p;0s A5 CaF,
PRI R A T B T, Horh Ca s 7E BER
A ERICaO0, 5P HEINIRIRS) N S TE K CaCOs;
LRI Eh LR BE e 45 2 4 @ AL, T LA ik E
JIHI RS, 325 T PTRER: 5 & MBI BE 12 M e

15CF/PTFEAI 15CF/8CaF,/PTFE[R] GCr15HH %} B
Y85 T B 7 I 2 R an I8P . Herh, In/l
(D 55 G [ L) B B 1 28 o B s e e e .
MRamani & HH e & 2, #%F15CF/PTFE, 15CF/8CaF,/
PTFEFT T R (1) 54 F% 55 b DI f G & 2 5 g, R W Itk
i & J@ SR EAAE KERICIG R, EERH TCF/M
PTFEM # % . L 41, 15CF/PTFEFI 15CF/8CaF,/PTFE
B A MRE B B K I/ 153 ) N 1.13F11.01, R
155 4 J@ AR EE#2 J5 , 15CF/8CaF,/PTFET & i i) #4

—— 15CF/PTFE
—— 15CF/8CaF,/PTFE

D G

Intensity/a.u.

I/1;=1.01

/NN I/I=1.13
500 1000 1500 2000 2500

Raman shift/cm™
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