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The paper describes the influence of the percentage content of crucible graphite and alumi-
nosilicate microspheres on the abrasive wear index of ultra-high molecular weight polyethylene
when worn by rigidly fixed abrasive particles. It is shown that the introduction of 10-30 mass.% of
crucible graphite or aluminosilicate microspheres into ultra-high molecular weight polyethylene
reduces its abrasive wear rate by 20-35%; minimum wear is achieved with a filler amount of 30
mass.%. The result is explained by the high stiffness and strength of the fillers, which leads to an
increase in the resistance of composites to mechanical damage to surfaces; this is confirmed by
the morphology of the friction surface (roughness decreases 1,35 times).
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Bosiue aucrnepcHOro HANOBHIOBAYAa HAa NOKA3HUK Aa0pasWMBHOTO CTUPAHHS
HaJBUCOKOMOJIEKYJIAPHOTro nosierusneny. Tomin C.B., Epvomenro O.B., Epvomina K.A.

Y poboTi HaBemeHO pPe3yJAbTATU JOCTIKEHBb BIJIUBY BiJICOTKOBOTO BMICTY THUIE€JIBHOTO
rpadiTy Ta aJIOMOCHJIIKATHUX Mikpocdep Ha TOKA3HUK abpas3wBHOTO CTHUPAHHS
HAJBUCOKOMOJIEKYJIIPHOTO II0JIeTUJIeHY $KOPCTKO 3aKPIIJIEHUMHU a0paswuBHUMH YaCTKAMU.
Ilokazamno, mo BBegennus 10-30 mac.% TUreJILHOrO rpadiTy Yu aJIOMOCHIIKATHAX MIKpocdep 10
HAJIBUCOKOMOJIEKYJISIPHOTO TI0JIIeTHJIEHY 3MEHIIye MOoro IMTOKa3HUK adpasuBHOro cTupanHs Ha 20-
35 %, caraodu MiHIMaJIbHUX 3HAYEHb IPU KiIbKocTi HarmoBHIoBaYa 30 mac.%. [lokparents qanoro
MOKA3HUKA IIOACHIOETHCA BHCOKOIO KOPCTKICTIO TA MIIIHICTIO HAIIOBHIOBAYIB, IO IIPU3BOIUTDH 0
301JIBIIIEHHS CTIMKOCTI KOMIIO3UTIB 40 MEXAHIUHOIO IOIIKOAMKEeHHS [I0BEPX0Hb, AK IIATBEPIKYIOThH
pe3yJIbTaTu IOCTIKeHHS MOPdOJIOoTii TOBEePXHI TepTs (IIIOPCTKICTh 3MEHIITyeThes B 1,35 pasm).
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1. Introduction

Wear and mechanical damage to the work-
ing parts of the equipment is the most common
cause of emergency stoppages of production,
about 80% of which are related to external abra-
sive influences. In the operation process, the
working bodies of automotive, mining, tillage,
textile and seeding equipment are subjected to
scratching and cutting effects due to interaction
with solid particles (alumina, sand and rocks).
As a result, mechanical destruction of the fric-
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tion surfaces occurs - abrasive wear. One of the
technological ways to solve this problem is the
use of polymer materials instead of traditional
metals and alloys.

Among the large number of polymer materi-
als, ultra-high molecular weight polyethylene
(UHMWP) occupies a special place. UHMWP
today is an effective replacement for metal
products in industrial enterprises around the
world due to its high self-lubrication, impact
strength, chemical and corrosion resistance,
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and wear resistance. This high-quality polymer
material has been proven to outperform conven-
tional tribotechnical and structural materials
in many modern industries [1]. The versatility
of UHMWP has made it a popular choice for
improving reliability and reducing equipment
downtime.

High resistance to corrosion and abrasive
wear resistance of UHMWP allow it to be used
in agricultural and automotive equipment op-
erating under conditions of high humidity and
abrasive particles. In addition, these products
are characterized by high damping properties.
For agricultural machinery, UHMWP is used
in the manufacture of wear-resistant slats,
sliding bearings, rollers, gear wheels, protec-
tion elements for the bottoms of John Deere,
Case/New Holland headers, bearing housings
and wipers. The automotive industry is begin-
ning to actively use UHMWPs as light, noise-
absorbing and damping materials [2]. Struc-
tural elements prone to wear are made from
it, for example, cable blocks, support bushings,
scrapers, etc. Also, in the automotive indus-
try, UHMWP is used for lining trucks, wagon
bodies, and excavator buckets. Replacing se-
rial metal brake pads and gears with products
made from UHMWP in many self-propelled
combines and harvesting machines can reduce
metal consumption by 23 thousand tons and in-
crease service life by 3 times [3, 4].

The stability of operation at low tempera-
tures, a high index of impact strength and wear
resistance, made it possible to use UHMWP
instead of steel in the manufacture of cutting
edges of snow removal machines. The use of
such edges increases the durability of roads and
their aesthetic appearance, unlike steel edges.

The mining industry uses UHMWP for lin-
ing transport chutes, ramps, wagons, bunkers,
screens, inclined trays and chutes for bulk ma-
terials, etc. Its use reduces the weight of the
products and increases wear resistance, which
is especially important for operation under the
influence of abrasive particles. UHMWP is also
used in the production of wear-resistant liners,
because its low coefficient of friction helps re-
duce gutter clogging.

The use of UHMWP products ensures com-
plete elimination of lubricants, increased wear
resistance, and reduced coefficient of friction,
noise and vibration during operation, the num-
ber of planned and preventive maintenance
works and downtime of equipment.
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However, there are a number of charac-
teristics that prevent the widespread use of
UHMWP: high viscosity of the melt, tendency
to creep and high coefficient of thermal linear
expansion. Disperse (calcium carbonate, boron
carbide, graphite, kaolin, anthracite, etc.) fill-
ers (FLs) are introduced into it to reduce the
viscosity of the melt. Reducing the melt vis-
cosity could significantly expand the scope of
UHMWP applications due to the possibility of
using extrusion and injection molding methods.
In addition, the use of dispersed FLs increases
the wear resistance of UHMWP.

Taking into account the above, this paper
is devoted to the development and research of
new polymer composite materials (PCMs) with
a low index of abrasive wear.

2. Experimental

UHMWP (produced by dJiujiang Zhongke
Xinxing New Material Co., Ltd., China) was
chosen as a polymer matrix for creating wear-
resistant PCMs.

The following materials were chosen as fill-
ers for UHMWP:

- crucible graphite (CG) is natural crystal-
line graphite obtained by beneficiation of graph-
ite ores. It has the largest particle size among
other graphites [7]. The size of the graphite
particles was 160 pm.

- aluminosilicate microspheres are white so-
dium-borosilicate glass powder, the spherical
particles of which have cavities inside [8]. The
size of individual microspheres ranges from 15
to 125 pm.

PCMs based on UHMWP containing 10-50
mass.% of crucible graphite/aluminosilicate
microspheres were prepared by pressing [9].
Abrasive wear index (V,, mm>/m) of UHMWP
and PCMs based on it (rigidly mounted abra-
sive particles with a dispersion of 100 pm) was
tested on the grinding wheel of a HECKERT
machine; its value was determined by the for-
mula:

AG-1000
p-L
where AG is the mass loss of the material, g;

p is the experimental density of the mate-
rial, g/cm?;

L is the grinding path length per cycle, m.

The surface roughness R, (um) after grind-
ing for UHMWP and PCMs was determined us-
ing a 170621 probe profilometer. The morphol-
ogy of friction surfaces of UHMWP and compos-
ites based on it was studied using a BIOLAM-

VL::

b

211



S.V.Tomin et al. / Influence of dispersed filler ...

M optical microscope equipped with a TREK
digital camera (DCMI1300, resolution 1,3M
pixels). The hardness of UHMWP and PCMs
was measured on the Rockwell scale (HRL) us-
ing a 2074 TPR device. An initial load of 98.1 N
(10 kgf) and total one of 588.4 N (60 kgf) were
applied to the cylindrical sample (¥=15, h=15
mm). The diameter of the steel indenter during
the experiment was 6.33+0.005 mm.

3. Results and discussion

The results of studying the functional char-
acteristics (Table 1) showed, that the introduc-
tion of 10-50 mass% of FLis leads to a decrease in
the abrasive wear index of UHMWP by 20-35%,
reaching the minimum values at 30 mass% of
FLs. The improvement of this indicator when
filling UHMWP with crucible graphite can
be explained by the ordering of the supramo-
lecular structure: an increase in the degree of
crystallinity. Kanaga Karuppiah K.S. [10] and
Wang L. [11] concluded that there is a relation-
ship between the crystallinity of UHMWP and
its tribotechnical performance: the resistance
to abrasion increases with increasing crystal-
linity.
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Fig.1. Friction surfaces (x200) of ultra-high
molecular weight polyethylene (a) and com-
posites based on it, containing 30 mass%
of crucible graphite (b) and aluminosilicate
microspheres (c)

The increase in resistance to deformation
was confirmed by comparing the friction surfac-
es of UHMWP (Fig. 1, a) and graphite plastics
(Fig. 1, b, ¢) using optical microscopy. It was
established that the introduction of CG and
aluminosilicate microspheres leads to a reduc-
tion in the depth of scratches by 35%. Strength-
ening of PCM occurs due to the fact that FL
particles impede the movement of dislocations
in the polymer matrix under the action of an
applied load (10 N); as a result, the hardness
of UHMWPL increases by 17% on the Rockwell
scale.

It should be noted that an increase in the
number of test cycles (see Fig. 2) leads to a de-
crease in the abrasive wear rate of both UHM-
WP and composites based on it. This can be
explained by the fact that the micropits and
micropores of the grinding wheel are filled with
finely dispersed wear products formed in the
friction process; as a result, its surface “dete-
riorates”.

Note that best set of functional properties
was obtained for PCMs containing 30 mass%
of FLs. A further increase in the FL content in
UHMWP leads to a decrease in abrasive wear
index and hardness, which is likely due to an
increase in defectiveness in the bulk of the
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Fig. 2. Dependence of the index of abrasive wear
v, mm?/m) on the number of test cycles for ul-
tra-high molecular weight polyethylene (1) and
composites based on it, containing 10 (2), 20 (3),
30 (4), 40 (5), 50 (6 ) of CG (a) and aluminosili-
cate microspheres (b)

polymer material. The presence of defects can
be explained by insufficient adhesion between
UHMWP and FLs. This conclusion is confirmed
by a comparison of the calculated and experi-
mental density (Fig. 3).

From the data shown in Fig. 3, it can be seen
that with a content of crucible graphite or alu-
minosilicate microspheres of 10-30 mass%, the
experimental and calculated density of PCMs
are the same. Based on this, we can conclude
that due to the strong interaction between the

p, g/cm?
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0,90 T
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Fig. 3. Calculated (1) and experimental (2) densi-
ty (p, g/em?) of ultra-high molecular weight poly-
ethylene depending on the content (C, mass%) of
crucible graphite (a) and aluminosilicate micro-
spheres (b)

components at the “UHMWP-FLs” interface,
the supramolecular structure of the obtained
PCMs is more homogeneous and ordered.

With a further increase in the FLs content
up to 40-50 mass%, the dependence changes:
the experimental density is lower than the
calculated one, that is, the PCMs structure is
looser, and the composite contains defects. The
formation of defects is explained by the high
viscosity of the UHMWPL melt and the low
mobility of macromolecules in the liquid state;,
thus, it is difficult for it to be evenly distributed
over the PL surface at its high concentration.

Table 1 — Functional characteristics of ultra-high molecular weight polyethylene and composites based

on it
Content of crucible graphite/aluminosilicate microspheres, mass%
Index
0 10 20 30 40 50
Index of abras;"e 1.36 0.97/0.96 0.91/0.92 0.85/0.87 1.07/0.89 1.12/1.18
wear®, V,, mm®/m
Roughness *, R, pm 2.57 1.97/2.01 1.75/1.86 1.63/1.71 2.12/1.77 2.35/1.96
Hardness on the
Rockwell scale (HRL), 83 90/90 95/93 97/96 93/95 86/89
hardness units

* Average value of 5 test cycles
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As a result, areas of graphite or aluminosilicate
microspheres “not impregnated” with the cru-
cible polymer are formed [12, 13]. [12, 13].

4. Conclusion

The analysis of the obtained results showed
that the use of crucible graphite and alumino-
silicate microspheres as fillers for UHMWP is
a promising way to improve its tribotechnical
properties: a 35% decrease in abrasive wear
and roughness is observed. It was established
that the most effective content of the filler for
UHMWP is 30 mass% of crucible graphite or
aluminosilicate microspheres. The developed
PCMs with high abrasive wear resistance can
be used in various fields, for example, in indus-
trial pumping equipment, protective linings
of pipelines, teeth and tracks of special equip-
ment, etc.
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