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Abstract

This paper focuses on tribotechnical and physical-mechanical properties of the BSP-7 copolymer and
organoplastics based on it with 10 ~ 40 mass % of polyheteroarylene vniivlon fiber. It demonstrates that the
reinforcement of copolymer with organic fiber improves its abrasive wear resistance by 64,2 % at a maximum
filler content of 30 mass %.

Proposed organoplastics based on the BSP-7 copolymer with effective content of 30 mass % of the filler
can be recommended as a tribotechnical material for the manufacturing of the parts that work in the conditions of
abrasive wear.
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Introduction

Abrasive wear of materials is one of the most widespread in practice types of wear to which the parts of
agricultural, road-building, mining, transport machines, friction units of metallurgical equipment, etc are
exposed. The intensity of abrasive wear is influenced by the nature of abrasive particles, aggressiveness of the
environment, physical-mechanical properties of wear surfaces, shock interaction, temperature and other factors.

The development of new polymer composite materials (PCM) capable of operating at machine friction
units and mechanisms of variouspurposeunder specified operating conditions taking into account the nature of
the impact of abrasive particles on the workpiece is an effective solution to the problem of increase in wear
resistance and reliability of the parts [1 - 3].

Literature review

PCM based on thermoplastic binders that are characterized by high tribotechnical properties, fabricability,
reliability, and relatively low cost are successfully used in modern friction units [4].

The use of thermoplastic Sulfuryl BSP-7copolymer [5] as a binder is perspective enough, because by its
complex of operational properties it surpasses such known serial materials as B caprolon (TU 6-05-988-1987),
PA 6 210/310 polyamide (OST 6-06-S9-1993), 12-L polyamide (OST 6-06-425-1992).These materials are
structural antifriction materials of which are made bushings, rings, inserts and other parts of mobile joints,
operating in conditions of abrasive wear without lubrication. The reinforcement of the binder with discrete
chemical fibers helps to improve performance of thermoplastic polymers significantly [6].

Purpose

The goal of the work was to increase the abrasion resistance of PCM based on theBSP-7copolymer, by
way of reinforcing the binder with organic fiber vniivlon, for the predicted increase in the life of parts of
machines and mechanisms.

Methods

The object of the study was Sulfaryl BSP-7 copolymer and organoplastics (OP) based on it, reinforced
with organic polyheteroarylene vniivlon fiber (density is 1,43 g/cm’, tensile strength is 4,5 x 10° MPa, tensile
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strain is 3,9 %, elastic modulus is 150 x 10° MPa) [7]. The content of the fiber in these compositions was
10 + 40 mass %. The reinforcement of the binder with the fiber was made in rotating electromagnetic field using
ferromagnetic particles [8]. The samples were made by the method of compression moulding using the following
technology:

- tableting at room temperature at a pressure of 6 MPa;

- drying blanks for 90 minutes at a temperature of 393 K;

- loading blanks in the mold heated to the temperature of 443 K;

- rising temperature up to 538 K and exposing the blanks without pressure during 5 minutes, 5 minutes at
a pressure of SMPa;

- pressing the samples at a temperature of 443 K;

- mechanical restoration (flash removal).

The research on abrasive wear of OP was carried out according to GOST (State Standard) 11012-2017
using Hecker machine in the conditions of friction over fixed abrasive particles (coated abrasive with dispersity
of 40+60 pum). The value of reduce in sample volume in mm3 on 1 m of path was taken as the detrition index

(V,). It was calculated using the formula:

where Am is the value of mass wear, g;
p is the density of material, g/em’;

L is the length of detrition path, m.

The density of OP (p) was determined by hydrostatic method (GOST 15139-69). Friction surface of the
samples was studied using BIOLAM-M microscope at a magnification of 180.

The main property that influences abrasive wear resistance most of all is the hardness of materials. This
study determines the hardness of OP according to Rockwell (L scale, the diameter of ball was 6,35 mm, general
load was 588,4 N) using 2074 TPR hardometer according to GOST 24622-91. The measurement of micro-
hardness of OP was carried out in cross and longitudinal sections according to Vickers using PMT-3M micro-
hardometer (GOST 9450-76).

Results

The degree of filling of composite materials with fiber is determined by the melt viscosity, the total
surface area of the filler particles, and the ir surface energy. It is known that as the fiber content increases the
strength of the filled polymer increases to a certain level, after which there is a slowdown in the growth of
indicators, or even their decline. The optimum degree of filling with organic fiber for most thermoplastics is
25 + 30 mass %. When the fiber content is more than 30 mass % polymer melt viscosity increases rapidly, the
fiber is crushed in the molding process, the thin film of the polymer does not with stand the stresses caused by
the difference in the thermoplastic properties of the binder and the filler. This leads to a deterioration of the
physical and mechanical properties of the composite material [9].

Taking in to account the above, the content of polyheteroarylene vniivion fiber in the investigated
compositions was 10 + 40 mass %.

Hardness is traditionally used to evaluate the level of mechanical properties of materials. Hardness is a
characteristic that serves as the most obvious indicator of the manifestation of hardening and allows to indirectly
evaluate the mechanical characteristics of the material, such as the level of strength, without conducting
additional studies.

When rubbing on fixed abrasive particles in many cases with increasing hardness of the material, its wear
resistance increases [10].

The results of the research of organoplastics are presented in the Fig. 1.

It is shown that as the fiber content of the polymer binder increases, the abrasive wear ratio of Vi
decreases (curve 1) and takes a minimum value of 30 wt. %. Thus, Vi for unreinforced copolymer is 2,4 mm®/m,
and changes from 1,4 to 0,86 mm?/m for OP. That is, abrasive wear indicator can be reduced 2,8 times for OP in
comparison with the BSP-7copolymer due to reinforcing effect of fibrous filler. This result is due to the
strengthening of binder under the influence of the harder surface of filler. Also it is confirmed by the
improvement of hardness HRL (curve 2) for OP from 102 to 113,5 (1,1 times).

Further increase in the content of the filler leads to a deterioration of Vi and HRL, which can be
explained by the loosening of the fiber and the formation of non-impregnated binder sites on the border of
"polymer-fiber" during the processing of the OP.

The hardening effect is determined by the wetting and subsequent adhesion of the fibrous filler to the
matrix polymer. In this case, an interfacial layer with high ordering and limited conformation of macromolecules
is formed, which contributes to the formation of a fine crystal structure of the polymer and reduces the
probability of occurrence of defects, which are foci of destruction [11].
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Fig. 1. The influence of Vniivlon fiber percentage
on the indicator of abrasive wear (Vi) (1)
and Rockwell hardness (HRL) (2) of organoplastics based on the BSP-7 copolymer

The change in the structure of the BSP-7 copolymer under the influence of the filler is confirmed by the
results of measurements of microhardness (HV) of composite materials (Fig. 2).
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Fig. 2. The relationship of micro-hardness (HV) of polymer matrix (1)
and the boundary of separation of '"polymer-fiber' (2) organoplastics based
on the BSP-7copolymer containing fiber

The graph shows that the values of micro-hardness on the “polymer-binder” division boundary (curve 2)
are higher in comparison with matrix (curve 1). This indicates good impregnation of the filler with polymer
binder. With the increase of fiber to 30 mass % there is gradualin crease of HV value on both curves: from 143
to 154,6 MPa for matrix, from 170 tol181,4MPa on the “polymer-binder” division boundary. Taking that into
account, we can talk about the strengthening of the polymer matrix and the even distribution of the filler in its
volume. After that, a slight drop in curves and the reduction in micro-hardness of OP respectively are observed.
That is due to the deterioration of adhesion between binder and fiber.

To explain the nature of the relationship between micro-hardness and composition, the effect of filler
contenton the hydrostatic density (pnyq4.) of OP was studied (Fig. 3).

As can be seen from the graphs shown in Fig. 3, when the degree of filling is 10 + 30 mass % pyyq. (curve
1) has higher values than p,y (curve 2). That confirms the quality permeation of the fiber with binder. With
further increase in amount of the filler up to 40 mass %, the value of pyyq. decreases and becomes lower than p,q,
which can be explained by the deterioration of adhesion in the polymer-fiber boundary layer and the formation
of micro-voids.

In general, a good correlation between the tribotechnical and physical-mechanical properties of PCM
occurs.

A visual analysis of the friction surfaces of the OP (Fig. 4) revealed the presence of the following types of
frictional destruction [12].
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Fig. 3. Influence of vniivlon fiber percentage on the hydrostatic pyyq. (1)
and additive p,4 (2) density of organoplastics based on the BSP-7 copolymer

Fig. 4. The structure (x180) of friction surfaces
of the samples of the BSP-7 copolymer (a)
and organoplastics on its base with the content of vniivlon fiber
of 10 mass% (b), 20 mass % (c), 30 mass % (d), 40 mass % (e)

When the fiber content is 10 mass % (Fig. 4, b) microprojection of the sample surface with furrow
formation is observed; when the fillingis 20 + 30 mass % (Fig. 4, c, d) the furrow depth decreases, which in
dicates the strengthening of the polymer matrix and increase the wear resistance of the PCM due to there in
forcing effect. When the fiber content is 40 mass % (Fig. 4, e) the number and depth of micropricesare slightly
increasing. By the nature of the destruction of the friction surface of the specimens, we can conclude that the
wear occurred by the micro-cutting mechanism. Also, note the uniform distribution of the fiber in the volume of
the polymer matrix. Likewise, uniform distribution of the fiber in the volume of the polymer matrix should be
noted.

Conclusions

According to the results of PCM studies on the basis of the BPS-7 copolymer, it is established that the
introduction of vniivlon fiber in the amount of 30 wt. % leads to an increase in abrasive wear resistanceby 64,2
% relative to the properties of the original polymer.

The improvement of tribotechnical and physical-mechanical characteristics of the proposed OPs indicates
the feasibility of their use as wear-resistant materials for the manufacture of parts operating in abrasive wear
conditions.
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I'pamenkxoBa M.O., JIncenko O.B., €ppomina K.A. Brnus BonokHa BHIiBIOH Ha
eKCILTyaTalliifHi XapaKTePUCTUKN OPraHOIUIACTHKIB Ha 0cHOBI Komoimepy BCII-7.

Po3poOka HOBUX MONIMEPHUX KOMITO3HMILIHNAX MaTepiaiiB, 3JaTHUX TPAlIOBAaTH y BY3Jax TEPTS MallUH
Ta MEXaHi3MiB PI3HOTO MPU3HAUYEHHS NPU 3aJaHUX yYMOBaX €KCIUTyaTalii, 3 ypaXyBaHHIM XapakKTepy BIUIMBY
a0pa3MBHUX YaCTOK Ha JIeTallb € €PEKTUBHUM PillIEHHSAM MPOOJIEMH ITiBUIEHHS 3HOCOCTIMKOCTI Ta HaiHHOCTI
Jeranei.

B po0ori npezcraieHi KOMIIO3UIIHHI MaTepiaan Ha OCHOBI TepMmoIuiactuyHoro kononimepy BCII-7 ta
TIOJIreTepOapUIIEHOBOTO BOJIOKHA BHIIBJIOH 3 BMicTOM HamnoBHIoBada 10+40 mac. %, SKi OTpUMYBajJH METOAOM
KoMITpeciiiHoro npecyBaHHs. [IpoBezieHi JOCIiIKeHHS! KOMITO3UTIB Ha abpa3vBHE 3HOIIYBaHHS B YMOBaxX TEPTA
M0 HEPYXOMO 3aKpiluieHMM aOpa3uBHUM YacTKaM. 3iiCHEHHI BUMIpIOBaHHS TBepaocTi 3a PokBemiom (mikana
L) ta mikpotBepmocTi 3a Bikkepcom. J{ocmimkeHO CTPYKTYpY HOBEPXHI 3pa3KiB MiCisl TEPTS.

3a pesynpTaTaMH JOCTIIKCHb BCTAaHOBJCHO, IO Tpud BMicTi BojgokHa 30 mac. %  aOpa3uBHa
3HOCOCTIMKiCTh 30inblIyeThbcst Ha 64,2 %. Jlanuii pe3ynbraT OOYMOBJIICHWH 3MIIHEHHSIM CTPYKTYpH
B’SDKYYOTOIiJ] BILTMBOM OUIBII TBEpAOI MOBEPXHI HANMOBHIOBaYa. 3HAUYEHHS MIKPOTBEPOCTI OPraHOILIACTHKIB
Nokasanu Jo0py aiaresiro MiX BOJOKHOM Ta MOJNIMEpHHM B’spKydnM mpu HanoBHeHi 1030 mac. %, mio
JIOATKOBO ITATBEP/DKEHO pe3yJabTaTaMHd BUMIPIOBAHHS TiAPOCTATHMYHOI TYCTHHH OpPTraHOIUIACTUKIB. 3a
XapakTepoM pYHHYBaHHS TOBEPXHI TEpTS 3pa3KiB BH3HAYEHO, 110 3HOIIYBAHHS BiIOYBaJOCS 32 MEXaHI3MOM
MiKpOpi3aHHSI.

B uinoMy, TpuOOTEXHIYHI XapaKTEPUCTUKU PO3POOJICHNX KOMIO3UIIHHUX MaTepiaiB J00pe KOpeItoTh
3 X (pi3MKO-MEeXaHIYHUMH MOKA3HUKAMHU.

Karou4ogi ciioBa: xorosimMep, BOJIOKHO, BHiiBJIOH, OpraHOIUIACTUK, a0pa3uBHA 3HOCOCTIHKICTB.



