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The influence of the content of carbon fiber, graphite and their mixture on the
tribotechnical characteristics of composite materials on the basis of aromatic polyamide
phenylone C-2 was considered in the article. It was shown that the filling of basic material
with the mixture of carbon fiber and graphite had a positive impact on its tribological
properties such as reduction of the coefficient of friction and intensity of wear by a factor
2.85—4 and 22-32, respectively. It was established that the composite which contains
30 wt. % of carbon fiber and 15 mass % of graphite has the optimal complex of properties
(increased wear resistance, low coefficient of friction and low linear coefficient of thermal
expansion). That’s why, this composite can be recommended for manufacturing of the
parts of movable joints of machines and mechanisms working under conditions of friction
without greasing.

Keywords: coefficient of friction, wear, carbon fiber, graphite, mixture, coefficient of
thermal linear expansion.

PaccmoTpeHo BiamsAHNE COLepP:KaHUA YrJIEPOAHOrO BOJOKHA, rpaduTa M HMX CMeCH HAa
TpuGOTEXHUUECKEe XapPaKTEPUCTUKYA KOMIIO3HUIIMOHHBIX MATEPHAJIOB HA OCHOBE apoMaTHYec-
Koro moauamuza (genwinon mapxu C-2. Iloxasamo, 4YTO HAOJHEHHWE HCXOMSHOI'O MAaTepHasa
CMEeChI0 YIJVIEPOIHOTO BOJIOKHA U rpaduTa HOJOMKUTEJIbHO BJANSAET HA ero TPUOOJOrHYecKue
CBOMCTBA: BeJeT K YMEHbIIEHHIO KOd(MUIIMEeHTa TPeHUA U WHTEHCHBHOCTH M3HAUIMBAHUS B
2,85-4 u 22-32 pasa COOTBETCTBEHHO. YCTAHOBJEHO, UTO ONTHMAJIBHBIM KOMILJIEKCOM
CBOICTBE (IIOBBIMIEHHONW M3HOCOCTONKOCTBIO, HU3KUM KO(P(PUIIMEHTOM TPEHUA U TEPMUUYECKO-
ro JUHENHOro paclIupeHus) o6aamaeT KOMIIOSUT, cogep:xainuii 30 mac.% yriepogHoOro BoO-
adoxkHa u 15 mac.% rpadura, B pesyiapTare Uero ero MOMKHO PEKOMEHIOBATDH JJIA HSrOTOBJIE-
HUA [gerajiell MOABMIKHBIX COEIUHEHWM MAaIlWH M MEeXaHH3MOB, PaboTAKINX B YCAOBUAX
TpeHusi 6e3 CMasKU.

HocaimsxkenHa TpUOOJOriYHMX XapaKTePHUCTHK KOMIIO3MIIiA HAa OCHOBi (eHiJoHy.
O.I.Bypa, A.-M.B.Tomina.

Posriguyro BILIMB BMicTy ByrJeleBOr'o BOJIOKHA, rpadirty Ta ix cymimnri ma tpubo-
TeXHiUHi XapakTepUCTHKN KOMMIO3HIIIHMX MarepiangiB Ha OCHOBI apoMaTHYHOro IoJjiamixy
deninon mapru C-2. IloxkasaHo, 1110 HAIOBHEHHSA BUXiZHOI0O MaTepiasy CyMIiIIINIO ByrJerneBo-
ro BOJIOKHA Ta rpadiry IIOSUTUBHO BILJIMBAa€ Ha Horo Tpubosoriuxni BJIacTUBOCTi: 3MEHIIIEHHSA
KoedimieHTy Teprd i inTeHcuMBHOCTI 3HomyBaHHA v 2,85—4 ta 22—-32 pasu BigmosigHo. Bera-
HOBJIEHO, I[0 ONTHMAJLHUM KOMILJIEKCOM BJIACTHBOCTell (IIiZBUIIEHOI0 3HOCOCTiHKiCTIO, HU3b-
KuM KoedilfieaTomM TepTa Ta TepMiuHOro JiHifIHOrO PO3MIMPEHHSA) BOJOAi€ KOMIO3HUT, IO
micture 30 mac.% Byraemesoro BoJokHa Ta 15 mac.% rpadiry, y pesyabTari yoro maHui
KOMIIOSHUT MOXKHA PEKOMEHAYBATH AJIs BUTOTOBIEHHA merajeil PyxoMux 3’€IHAHb MAIIWH i
MexaHisMiB, II0 IPaIIOIOTL B YMOBaX TepTd 0e3 3MalllyBaHHI.
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1. Introduction

A wide use of polymer composite materi-
als (PCM) took place in many branches of
the industry during the last years. It is
obvious that the using of them is caused by
the increase of requirements of modern
technique and high-technology branches.
Practice showed that it is possible to pro-
duce practically any products with the com-
bination of operational and technological
properties, which were previously noticed
[1], by the selection of content and proper-
ties of binder and filler and their ratio.

The process of PCM reinforcing by hy-
brid fillers that include three and more
components can be related to one of the
effective methods to improve their proper-
ties. These materials make it possible to
deal with the row of problems that cannot
be eliminated while using mono-reinforced
PCM [2]. The basic idea of using hybrid
composites is that each of their components
plays a certain role, but at the same time
they create a synergistic effect. As a result,
functional properties of the composites con-
siderably increase [3].

One of the important tasks of the mod-
ern materials science is the increasing of
the service life of many machine parts and
mechanisms of metallurgical and road con-
struction industry, drilling equipment, agri-
culture. It is known [4] that the wear of
working surfaces of friction assemblies is
the main reason of equipment failure.

One of the ways to increase the service
life is the using of anti-friction polymer
composite materials. That is due to the row
of their advantages like low cost manufac-
turing, high wear resistance, low coefficient
of friction, reduction of spending on main-
tenance and repair of mechanisms [5, 6].

In recent years, scientists are very inter-
ested in developing of hybrid polymer com-
posite materials because it gives the possibil-
ity to make materials with specific properties.

Some of the most promising fillers for
making the hybrid PCMs are carbon fibers
(CF) and dispersible fillers that are graph-
ites, the use of which provides advantages
compared with glass-fiber and mineral fill-
ers, such as: increased specific viscosity,
less density, increased water resistance, re-
duction of thermal tensions [7].

2. Experimental

Aromatic polyamides are the most per-
spective polymer materials that combine the
high level of physic-mechanical and thermo-

526

physical properties. That’s why the aro-
matic polyamide phenylone C-2 (TS 6-05-
221-226-72) was chosen as a binder. It is a
white-colored finely dispersed powder with
a bulk density of 0.2-0.4 g/cm3. In some
cases it was the only material that keeps
capacity of the pneumo- and hydro-automat-
ic joints which were operated in harsh con-
ditions.

We used following materials as fillers:

— carbon fiber Ural-24 (TS 6-06-11-124-
85); high thermal stability and durability
that 2—8 times exceeds the durability of or-
dinary chemical fibers are the basic advan-
tages;

— silvery graphite GL-2 (GOST 5279-74)
that has a lot of unique properties, such as
chemical resistance, plasticity, diamag-
netism.

Preparation of compositions based on
phenylone C-2 was carried out by the
method of dry mixing in the machine with
the rotating electromagnetic field (0.12 TI)
with the help of ferromagnetic particles
that were magnetically separated from the
prepared composition. The prepared mixture
was tableted at a room temperature and
pressure of 30 MPa.

All the materials should be carefully
dried up before forming the phenylone C-2
and compositions. Processing of undried
materials into products makes their indexes
of durability worse that results in forma-
tion of superficial defects (shells, bubbles
etc.). Drying of the blanks was conducted in
festooning oven SPT-200 during 2-3 h at
473-523 K. The tablet from festooning
oven was immediately loaded in a press-
form heated to 528 K. After loading in the
press-form, the material was heated to
598 K and kept without pressure for
10 min.; then it was kept for 10 min. at the
pressure of 40 MPa at the same tempera-
ture. Then the product was cooled at the per-
manent pressure to the temperature of
523 K. After that the pressure was relieved.

Tribological properties (coefficient of
friction (f) and intensity of linear wear (1))
were studied under conditions of friction
without greasing on the disk friction ma-
chine [8] with the pressure of 1 MPa, slid-
ing speed of 2 m/s; the distance of friction
was 3000 m. The samples of the composi-
tions for tests had cylindrical form & = 10,
h =10 mm; steel 45 (45-48 HRC, Ra =

0.16-0.32 um) was used as a counterbody.
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Fig. 1. Dependence of the coefficient of fric-
tion on the content of fillers.

3. Results and discussion

Analyzing the results of the researches
(see Fig. 1, 2) on the influence of the per-
centage of fillers on tribological properties
of the PCM based on phenylone, it is evi-
dently that the filling polymer matrix with
20-30 wt. % of CF gives a sharp decrease
in friction coefficient and intensity of lin-
ear wear by a factor 2.8—-3 and 10.2-247,
respectively in comparison with an initial
polymer (f = 0.54, I, = 8.9:-1078). The only
one possible explanation for it can be the
fact that finely dispersed wear debris,
which fill micro cavities on the surface of
the counterbody, appear in the process of
carbon plastic (CP) wear. In addition, fric-
tion takes place on the wear debris, but not
on the steel.

While studying the friction surface of
the initial polymer and developed compos-
ites, it was detected that the deep furrows
of ploughing appeared on the surface of
phenylone (Fig. 3, a) testify to the adhesion
mechanism of wear. The distinguishing fea-
ture of this mechanism is frictional trans-
ference of ribbons of binder on the surface
of the counterbody; that is conditioned by
the presence of local connections between
contacting surfaces. During the wear of the
carbon-fiber-reinforced plastic, a smooth
glassy surface appears. There are clearly
visible chaotically distributed fibers and
ribbons (furrows) of ploughing (Fig. 3, b)
that testifies to a pseudoelastic mechanism
of detrition of the carbon plastics [9]. That
provides the longest service life for movable
joints.
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Fig. 2. Dependence of the intensity of linear
wear on the content of fillers.

With further increase in the number of
CF to 40 wt. %, we observe an increase of
the coefficient of friction and intensity of
wear that is conditioned, from one hand, by
crumbling of solid fiber particulates (Fig. 3, ¢)
[10], and, from the other hand, by fluffing
of CP on the "polymer binder — carbon fiber”
boundaries. It is better to use graphite as
filler in terms of improvement of anti-fric-
tion properties and wear resistance. The
comparison of tribotechnical characteristics
of CP and GP which contain 20 wt. % of
filler shows that clearly. So, wear resistance
and coefficient of friction of graphitoplas-
tics with such content of filler are 2 and
1.5 times better than analogical indexes for
carbon-fiber-reinforced plastic. It can be ex-
plained by the fact that in the process of
maintenance, graphite [11] forms a struc-
ture on the surface of friction similar to the
structure of liquid crystals that plays the
role of dry grease and is characterized by low
movable supports and high loading ability.
Both CP and graphitoplastics are characterized
by the pseudoelastic mechanism of detrition: a
smooth glassy surface appears (Fig. 3, d) [9].

An improvement of tribotechnical prop-
erties of polymer matrix occurs while using
hybrid filler. The coefficient of friction and
wear decreases 2.85—4 and 22-32 times, re-
spectively. The results can be explained by
the fact that CF and graphite have high
heat-conductivity, which encourage disper-
sion of energy vibrations that reduce self-
warming of the material in the zone of fric-
tion due to the decline of internal friction
force and shear stresses.

The combination of these two components
results in a synergistic effect which in turn
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leads to the reduction of friction in PCM
[12]. As to the mechanism of wear, in both
cases (with CP and GP), between the sample
and counterbody there is a pseudoelastic
mechanism of detrition: wear debris appear
in a negligible quantity and mainly retire in
the process of friction outside the counter-
body, and a smooth glassy surface appears
(Fig. 3, e).

One of the important characteristics of
faultless work of a friction unit is a coeffi-
cient of thermal linear expansion (CTLE). It
is known [13] that polyamides have higher
CTLE (approximately by a factor 20) in
comparison with steel and cast-iron. It
causes friction when temperature changes
in the unit are from 293 to 393 K. That
leads to wedging of billow as a result of
changing size of the assured gap.

It is shown on the Fig. 4 that introduc-
tion of an optimal quantity of hybrid filler
(30 CF and 15 wt. % of graphite) results in
more rapid (by a factor 3) decrease of CTLE
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Fig. 3. Friction surfaces (x150): initial (a)
and reinforced phenylone C-2: 30 (b) and 40
(¢) wt. % carbon fiber, 20 (d) wt. % graphite
and mixture: 80 carbon fiber and 20 (e) wt. %
of graphite.
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Fig. 4. Dependences of relative deformation on
temperature: phenylone C-2 (1) and composite (2).
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Table. CTLE of phenylone and a composite
with hybrid filler

Temperature 0c><10_6, K1
range, K .
phenylone composite
298-323 26.42 18.29
323-373 35.57 6.48
373-423 37.64 20.49
423-473 43.57 13.44
473-523 48.50 16.54

compared with an initial polymer (see Table
). It can be explained by the fact [14] that
introduction of inert fillers (including carb-
on fiber and graphite) diminishes segmental
mobility of macromolecules of binder and
coefficient of diffusion of moisture, and
strengthens intermolecular copulas between
the matrix and filler [15].

4. Conclusion

Analysis of the resulted properties of the
developed polymer composite materials
shows that the using of mixture of carbon
fiber and graphite as fillers is the perspec-
tive way of increasing tribotechnical proper-
ties of initial polymer; coefficient of fric-
tion and wear are reduced by a factor 2.85—4
and 22-32, respectively. It is established that
PCM which contains 30 wt.% CF and
15 wt.% of graphite has the optimal complex
of properties (increased wear resistance, low
coefficients of friction and thermal linear
expansion). Thereby, this composite can be
recommended for manufacturing of the
parts of movable joints of machines and
mechanisms working under conditions of
friction without greasing.
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