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The results of investigation of physical-mechanical and tribological properties of
polytetrafluorethylene (PTFE), composites filled with small (5-10 wt %) amounts of
nanoceramic and nano metallic powders are presented. BN, B,C and Co were used as
nanopowder fillers. At compression by 30 MPa pressure they are subjected to 10 mass % filled
composites on the base of B,C and Co is equal correspondingly to 3,20 and 2,46% that 6,5 and
8,5 times exceeds the index of unfilled polymer. The developed composites have 2...4 times
better wear-resistance than that of the commercial “Superfluvis” on the base of PTFE.
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Introduction. Recently, in the context of the rapid progress of nanotechnology,
the improvement of physical-mechanical and tribological properties of polymer
composites by introduction of small amounts of various nanopowders into the
compositions has attracted considerable attention. It is revealed that, for instance, by
introducing 2...5 wt.% grains of nitrides/oxides of transition metals (grain size:
4...100 nm) into polytetrafluorethylene (PTFE), it is possible to produce such a
polymer system that would have improved strength and tribological properties. It has
turned out that nanoparticles are capable of forming cluster-type assembles in the
material bulk, which affect the mechanism of polymer crystallization and eventually
the improvement of wear resistance [1].

Basic part. Sample composites were made on the base of PTFE by introducing
nanopowders by the technology described in [2]. Then, the physical-mechanical and
tribological properties of these materials were studied. They were studied by the
method of determination of frictional thermal stability by using the friction machine
IM-58, where the overlap factor of friction faces of the frictional couple K was equal
to one. Along with the developed composites, the subject of our investigation was the
commercial material “superfluvis” developed on the basis of PTFE in Belarus as one
of the best materials of the kind. It was used in the rubbing parts of the compressor
designed in Georgia.

The results of the investigation of the physical-mechanical properties are listed in
the table below.
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Table
Physical-mechanical properties of the composites based on PTFE

Composite composition, | Specific | Compression Brinell Water
% weight, | deformation hardness, absorption,
kg/m® under 30 BH, %
MPa, MPa
%
1. Plain PTFE 2204 21.00 35 0.00
2. PTFE + 5 wt.% Co 2254 6.25 40 0.01
3. PTFE + 10 wt.% Co 2437 2.46 51 0.01
4. PTFE + 5 wt.% B,C 2274 4.40 41 0.00
5. PTFE +10 wt.% B,C 2392 3.20 50 0.00
6. PTFE + 5 wt.% BN 2237 5.4 39 0.00
7. “Superfluvis” 2038 2.80 60 0.05

From the Table above, it is evident that the composite filled with 10 wt.% Co has
the highest specific weight. It is hard and strong. Under 30 MPa pressure, it underwent
only 2.46% deformation, and its strength made up 51 MPa. The mechanical indices of
the test samples of all developed composites were improved as compared with the
plain polymer; in the composites filled with 5 wt.% fillers — 2...3 times, while in the
composites filled with 10 wt.% fillers — 3...5 times.

When studying the tribological parameters of plain PTFE under constant load
(P=0.7 MPa), it turned out that, in spite of a low friction factor (0.15...0.18), the
friction intensity was rather high, and it was within 130...730-10°°. The introduction of
small amounts of nanoporous nanosized powders into PTFE significantly improved
the properties of the latter (Fig. 1). Particularly, the friction resistance increased by
two and even three orders of magnitude (100...1.000 times) which confirms the
efficiency of application of these fillers while developing the self-lubricating
composites based on PTFE. All sample composites showed high wear resistance at
low friction speed. Over the friction speed range of 0.125...0.250 m/s, their friction
intensity was equal to 2.0...16:10®°. At high speed, the pattern was different. At the
speed of 1.88 m/s, the composite filled with 5 wt.% boron nitride surpassed the one
filled with 5 wt.% B,C. At high friction speed, the wear resistance of the composite
with boron nitride was 2.5 times as much as that of the one with boron carbide and 3
times as much as that of the composite with cobalt.

The investigation results of the friction and wear of “superfluvis” are of special
interest. The most interesting is the fact that this material turned out to be less wear
resistant at low temperature than the developed composites. For instance, at the speed
of 0.624 m/s, its wear resistance was lower by the factor of 2...12 than that of the
developed composites. However, at high speed, this material turned out to be the most
wear resistant.
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Fig. 1. Dependence of the composite friction intensity on the friction speed:
B -5wt.% BN; C - 5wt.% B,C; D - 5wt.% Co; E — “superfluvis”

Conclusions. Thus, we can infer that the developed composites have improved
tribological properties as compared with plain PTFE. The introduction of small
amounts of fillers increased their wear resistance 100...1.000 times. Their
compression strength (developed deformation under 30 MPa) increased 3...8,5
times. This provides the basis for the production of high-temperature antifriction wear-
resistant self-lubricating composites on the basis of the developed ones and for their
prospective use in particular friction units of various devices, where the friction is dry
and the lubrication of the rubbing parts is impossible or difficult.

Fig. 2. High-pressure water pump

Figure 2 shows a high-pressure water pump designed at Exergy, Ltd., Georgia. In
the design of the gasket of its piston, the rings made of an antifriction self-lubricating
composite based on PTFE developed by us was used.
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IIpencraBneHsl pe3ynbTaThl UCCIENOBAHUN (HU3MKO-MEXaHUYECKUX U TPUOOJOTHIECKUX
CBOMCTB KOMIIO3UTOB Ha OcHOBe mnosuTerpadroprtunera (IITDD), HamonmHEHHBIX MaJbIM
komuuectBoM (5...10 mac. %) HaHOKEpaMHUYECKHX M HAHOMETAIJIMYECKHMX IMOPOMIKOB. B
KauecTBe HamoiHUTeNed Obumm mpumeHeHsl HaHomopomku BN, B4C, Co. Ilpu cxartun
nasnenueM 30 MIla nanbonee manas nedopmaius pasBuBaercss y 10 mac. % HamoIHEHHBIX
koMmo3utoB Ha ocHoBe B4C u Co, xotopast paBHa coorBercTBeHHO 3,20 1 2,46%, yto B 6,5 1
8,5 pasa TpPEeBOCXOAWT IIOKA3aTeNb HEHAIOJHEHHOTO IojauMepa. Y  pa3paboTaHHBIX
KOMITO3UTOB B 2..4 pa3a yJydIIEHHas M3HOCOCTOMKOCTh OTHOCHTEIFHO CYXOTO TPEHHUs Ha
HHU3KHX CKOPOCTSIX, YeM Y IIPOMBIIIIIIEHHOTO Komrio3uTa “CymnepdiyBuca” Ha ocHoBe [ITDD.

Knrwuegvie cnosa: CaMOCMa3bIBAIOIINECS KOMIIO3UI[HIOHHBIE MaTepuaIbl,
HMHTEHCUBHOCTH M3HOCA, TIOMUTETPAGTOPITHIICH, HAHOIIOPOIIIOK, TIOJMMED.
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