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THE IMPACT OF BORON CARBIDE ON THE INDEX OF ABRASIVE
WEAR OF PHENYLONE AROMATIC POLYAMIDE

The use of parts made of polymer composites instead of serial materials (bronze,
kapron, babbitt) allows get the economic effect by reducing maintenance and repair
costs. Disperse fillers (copper, aluminum, iron, bronze, tin, silver, lead, zinc, car-
bides, shungite, vermiculite, etc.) have become widespread for the creation of PCM
with a high rate of wear resistance. Taking into account the above, the development
and research of new wear-resistant PCM filled with dispersed fillers with improved
properties is an actual scientific and technical task. The impact of boron carbide
powder on the index of abrasive wear of aromatic polyamide phenylone C-2 is con-
sidered in the article. It is found that the introduction of the filler improves initial
characteristics of polymer matrix: abrasive wear resistance of phenylone increas-
es10 times. It is discovered that the effective content of the filler is 15 mass%. The
study of the friction surface of the unfilled polymer showed that deep grooves are
formed on its surface; and with the introduction of the filler they decrease by 75%
because the appearance of boron carbide strengthens the polymer matrix, the modu-
lus of elasticity and hardness increase by 40 and 12%. This improvement in physical
and mechanical characteristics is probably due to the effect of interstructural filling,
when finely dispersed particles of the polymer matrix under the influence of chemical
and physical interaction form an interfacial layer on the surface of carbide particles
with new improved properties. Based on the obtained results, a composite with an ef-
fective filler content (15 mass%) can be recommended for the manufacture of parts of
automotive, road and agricultural machinery operating under the influence of abra-
sive particles.
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Introduction. Every year the amount of polymer composite materials (PCM) of
tribotechnical purpose [1] based on thermoplastic binders grows up on the world mar-
ket. It is due to their technological properties. The use of these composites allows to
get the details with simplified manufacturing technology (the formation of product
finishes in one cycle) and assembly, low weight, increased wear resistance to different
factors, resistance to dynamic and vibroacoustic loads, corrosion damage and aggres-
sive environments [2-4].

The determination of the task. One of the important tasks of materials science
is to increase the reliability, increase the labour force and service life of modern
equipment that in turn are closely related to the problem of wear resistance of parts of
the friction units of machines and mechanisms. Because tribological joints of agricul-
tural and automotive equipment work in conditions of high dust and dirt particles con-
tent and are vulnerable to abrasive wear [5]. The use of parts made of polymer compo-
sites instead of serial materials (bronze, kapron, babbitt) allows to solve this problem
and get the economic effect by reducing maintenance and repair costs [6]. Disperse
fillers (copper, aluminum, iron, bronze, tin, silver, lead, zinc, carbides, shungite, ver-
miculite, etc.) have become widespread for the creation of PCM with a high rate of
wear resistance [7]. Taking into account the above, the development and research of
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new wear-resistant PCM filled with dispersed fillers with improved properties is an
actual scientific and technical task.

Goal of the work: the study of tribotechnical polymer composite materials based
on aromatic polyamide phenylone C- 2 filled with boron carbide powder.

Objects and methods of the researches. Aromatic polyamide phenylone C-2
(APP) was chosen as a polymer matrix to create wear-resistant PCM. APP C-2 is
characterized by high temperatures of long-term (up to 533 K) and short-term opera-
tion (up to 573 K), chemical and radiation resistance [8].

Boron carbide that is characterized by such high technical characteristics like mi-
crohardness (49.1 GPa), high wear resistance and modulus of elasticity was selected as
a filler [9].

Preparation of phenylone C-2 compositions containing 5-20 mass% of the filler
was carried out by the method of dry mixing in an apparatus with a rotating electro-
magnetic field (0.12 T) using ferromagnetic particles that were removed from the pre-
pared composition by the method magnetic separation. Then the finished mixtures
were tableted at room temperature and under a pressure of 25 MPa. The tablets were
loaded into a mold heated to 523 K and heated them to 598 K and kept at this tempera-
ture for 5 minutes without pressure and 5 minutes under a pressure of 40 MPa. Next,
the finished mixture was tableted at room temperature and a pressure of 25 MPa.

The study of materials for abrasive wear by fixed abrasive particles (sandpaper
dispersion was 40-60 pm) was performed according to GOST (State Standard) 11012-
69 on a Hecker test machine. The index of abrasive wear (Vi, mm*/m) was determined
according to the method described in the work [10].

The main indicators of compressive strength such as yield stress (o,.) and modu-
lus of elasticity (E) in compression were determined on a universal FR-100 research
machine in accordance with GOST (State Standard) 4651-78. Samples of cylindrical
shape (@ was 10 + 0.5 mm and height was 15 + 0.5 mm) were used for the study [10].
The hardness of PCM on the Vickers scale was determined using dynamic TD-42
hardness tester.

The study of the morphology of the friction surfaces of unfilled polymer and
PCM based on it was performed using NEOPHOT-32 optical microscope.

The discuss of the results. The results of tribological studies of PCM under the
conditions of friction on rigidly fixed abrasive particles are presented on fig.1. The
analysis of the results of tribotechnical characteristics of the developed composites
shows that the use of boron carbide as a filler is a promising way to reduce the
abrasive wear of polymer matrix (reduces by 1.5-10 times). This conclusion is based
on a significant reduction in ploughing furrows in comparison with APP C-2. The
study of the friction surface of the unfilled polymer (fig. 2, a) showed that deep
grooves are formed on its surface; and with the introduction of 15 mass% of the filler
(fig. 2, b) they decrease by 75% because the appearance of boron carbide strengthens
the polymer matrix (the modulus of elasticity and hardness increase by 40 and 12%
(table 1)), and inhibits the development of cracks on the surface of the composite that
increases the wear resistance of the systems [11].

This improvement in physical and mechanical characteristics is probably due to
the effect of interstructural filling [12], when finely dispersed particles of the polymer
matrix under the influence of chemical and physical interaction form an interfacial
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layer on the surface of carbide particles with new improved properties. The greatest
improvement in tribotechnical and physico-mechanical characteristics is observed at a
filler content of 5-15 mass%; with further increase in the amount of boron carbide in
the polymer matrix, their reduction is observed.
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Fig. 1. The dependence of the index of abrasive wear of aromatic polyamide (1) and
composites based on it containing 5 (2), 10 (3), 15 (4), 20 (5) mass% on the friction path
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Fig.2. The morphology of the friction surface of phenylone C-2 (a) and composite based on it
with a filler content of 15 (b) mass% of carbide alloy (x 100)
Table 1
Physico-mechanical characteristics of the composites filled with boron carbide
Index Content of the filler, mass%
- 5 10 15 20

Modulus of elasticity, E, MPa 2749 | 3360 | 3410 | 3846 | 3170

K/i;;l;i stress (oy.) in compression, Gy, 212 | 216 | 218 | 225 | 216

Vickers hardness, HV, hardness unit 375 | 400 415 430 390

The obtained results can be explained by the fact that when the mass fraction of car-
bide increases to 20 mass%, it becomes more difficult to achieve its uniform distribution
in the volume of the polymer matrix that leads to the formation of agglomerates of filler
particles. As a result, insufficient wetting occurs between the binder and the filler that does
not allow, firstly, to form interfacial layer on the surface of the filler particles, which is
characterized by high tribological and physico-mechanical indicators; secondly, an uneven
structure is formed that is a stress concentrator and reduces the strength of composite. The
uneven distribution of the filler can be confirmed by comparing the experimental and cal-
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culated density of PCM. At a mass fraction of carbide of 5-15 mass% hydrostatic density
is greater than the additive, that is, the process of ordering the binder prevails over the pro-
cess of disordering on the "phenylone-filler" bound; and an opposite situation occurs at the
filler content of 20 mass% (see fig. 3).
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Fig.3. The dependence of the calculated (1) and experimental (2) density of phenylone on the
content of boron carbide

Conclusions. The analysis of the results of tribotechnical characteristics of poly-
mer composites showed that the use of boron carbide as a filler for phenylone C- 2
aromatic polyamide is an effective way to reduce its abrasive wear by almost 10 times.
The increase in the wear resistance of the polymer matrix is due to the formation of
the interfacial layer with new improved properties on the surface of carbide particles.
Based on the obtained results, a composite with an effective filler content (15 mass%)
can be recommended for the manufacture of parts of automotive, road and agricultural
machinery operating under the influence of abrasive particles.
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A.—M. B. TOMIHA, [O. |. BYPA, €. O. HABEPEKHUHU

BIIJINB KAPBIZLY BOPA HA IOKA3HUK ABPASUBHOI'O CTUPAHHSA
APOMATHUYHOI'O NIOJTAMIAY ®EHIJIOH

BukopucraHHs JeTtaneil BUTOTOBJICHUX 13 3HOCOCTIMKHMX TOJIIMEPHHX KOMIIO3UTIB HATOMICTh
CepiiiHUM MaTepiajaM TpUOOTEXHIYHOro npu3HaueHHs (OpoH3i, kKanpoHy, 0abiTy) m03BOIsIE
OTpUMATH €KOHOMIYHMH e(eKT 3a paXyHOK 3MEHIICHHs BUTPAT HA TEXHIYHE 00CIYrOBYBaHHS
Ta PEMOHT. 3arajbHOrO MOUIMPEHHSI [l CTBOPEHHS MOJIMEPHUX KOMITO3MIIHHUX MarepiaiiB
i3 BHCOKUM ITOKa3HUKOM 3HOCOCTIHKOCTI HaOyJIM JUCIEPCHI HAMOBHIOBadi (Mijib, aIOMIiHIH,
3aii30, OpOH3a, 0JIOBO, Cpi0iI0, CBUHEIb, IIMHK, KapOiau, IIYHTIT, BEpPMHUKYIIT Tomlo). Bpaxo-
BYIOUH 3a3Ha4eHE, PO3pOOKa Ta MOCHIHKEHHS HOBHX 3HOCOCTIHKHX MOTIMEPHHX KOMIIO3HMIIi-
HHUX MaTepiajiB HAIIOBHEHHX IHCHEPCHUMH HAIIOBHIOBaYaMH 3 IOKPALIEHUMH BIACTUBOCTAMU
€ aKTyaJIbHUM HayKOBO-TEXHIYHUM 3aJ[aHHsIM. Y CTaTTi PO3IJISTHYTO BILUIMB MOPOLIKY KapOimy
Oopa Ha IOKa3HWMK abpa3MBHOIO CTHPAHH] apOMAaTHYHOrO momiaminy ¢eniion mapku C-2.
BcranoBiieHO, 110 BBEIGHHSI HAMOBHIOBAYa MOKPAIYE BUXIJHI XapaKTEPUCTHUKH MOTIMEPHOI
MaTpHili: abpa3uBHA 3HOCOCTIMKICTh (eHIOHY miaBHIYyeThCs y 10 pasiB.. BussieHo, 1o ede-
KTHBHHUH BMICT HallOBHIOBa4a B MOJIIMEPHOMY B’sDKY4OMY CTaHOBUTH 15 mac.%. JlocmimkeHns
MIOBEPXHI TEPTsS HEHANOBHEHOrO MOJIMEpY MOKa3aJio, MI0 Ha HOro MOBEpXHI YTBOPIOIOTHCS
00Kl OOpO3HH, a IIPH BBEICHHI HAIIOBHIOBaYa BOHHM 3MEHIIYIOTHCSA Ha 75 %, OCKIIBKU IOs-
Ba KapOigy Oopa 3MIIHIOE TONIMEPHY MATPHIII0, MOAY/JIb MPYKHOCTI Ta TBEPAICTh 301IIbIIY-
101b¢s1 Ha 40 Ta 12 %. JlaHe moKpanieHHs eKCIUTyaTaliiHuX XapaKTepUCTHK IMOBIpHO 00yMOB-
JIEHO e(PeKTOM MINKCTPYKTYPHOTO HAMOBHEHHSI, KOJU JPIOHOIMCIEPCHI YaCTKU MONIMEPHOI
MAaTpHIIi T1iJ] BILTUBOM XiMI4HOI Ta ()i3udHOI B3aemMozii popMyIOTh Ha TIOBEPXHI 4acTOK KapOi-
Iy Mik(dasHHiA 1Iap i3 HOBUMH MOKPAIIEHUMH BIACTUBOCTAMHU. Ha OCHOBI OTpUMaHUX pe3yib-
TaTiB KOMIIO3HT i3 €(EeKTHBHMM BMICTOM HamoBHIoBaua (15 mac.% xap0bimy Gopa) MoxxHa pe-
KOMEHYBaTH JJIsl BATOTOBJICHHS JieTalield aBTOMOOLITBEHOT, JOPOXKHBOT Ta CLIBCHKOT OCIIOAAPCH-
KOI TeXHIKH MIPAIIOI0YOi i BIDIMBOM YaCTOK abpas3uBy.

Karwuosi cioBa: apomatiuuHuii mosiamif, (heHIIOH, MOKa3HUK aOpa3MBHOIO CTHPAHHS, MOMi-
MEpPHHUI KOMITO3UT
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