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Abstract

Friction units for automotive and special vehicles are designed to operate under boundary friction
conditions. Modern vehicles contain friction assemblies that use friction materials. Currently, friction materials
are actively used: based on thermosetting resins; pulp and paper-based materials; sintered powder materials;
materials of carbon or carbon composition; materials with a ceramic matrix. The development of a unified
understanding of the effect of the size and chemical nature of ceramic additives on the processes occurring in a
friction material during friction is very important and can be obtained both on the basis of experimental and
theoretical studies. The paper presents the results of a study of the effect of submicron TiO2, Cr203, AIN
powders with a size of 0.2-0.5 microns on the tribotechnical properties of a frictional material based on copper
intended for operation under boundary friction conditions. It was found that when using the addition of Cr203
powder, the greatest increase in the value of the friction coefficient is noted - from 0.042 to 0.082, a slightly
smaller increase in the friction coefficient is shown by the use of AIN and TiO2 defects - 0.042-0.074 and 0.042-
0.060, respectively. The least wear of the friction material was obtained when using 3.0 vol. % aluminum nitride
additive - 2.1 microns / km. Increasing the addition of any of the submicron powders by more than 7 vol. %
leads to a significant decrease in wear resistance. This is due to the formation on the surface of the friction
material of a modified layer containing ceramic particles and the metallic phase of the friction material. For the
friction material, an unstable value of the friction coefficient and increased wear were recorded.
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Introduction

Friction units for automotive and special vehicles are designed to operate under boundary friction
conditions. Boundary friction is realized when the thickness of the lubricating layer on the contact surfaces of
friction is at least 0.1 um, capable of physical adsorption or chemical reaction. At present, sintered friction
materials based on copper are most widely used for operation under boundary friction conditions. This group of
materials is characterized by a high value of the coefficient of friction, wear resistance, coefficient of thermal
conductivity and service life. However, at present, higher values of tribotechnical and physical-mechanical
properties are required. This is achieved through the use of additives of metal and ceramic powders. The most
commonly used ceramic powders are 10-200 microns. However, the use of submicron ceramic powders with a
size of less than 1.0 um as an additive in a sintered friction material based on copper is of scientific and practical
interest.

Literature review

Modern vehicles contain friction assemblies that use friction materials. Currently, friction materials are
actively used: based on thermosetting resins; pulp and paper-based materials; sintered powder materials;
materials of carbon or carbon composition; materials with a ceramic matrix [1-7].

Sintered powder friction materials are designed to work in severe operating conditions - temperatures up
to 950 [IC, sliding speed up to 80 m /s, pressure up to 5 MPa. Sintered materials on copper and iron bases are
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most widely used in hydromechanical transmissions of automotive vehicles, parking brakes, on-board clutches
of civil and special-purpose vehicles. Materials of this group are characterized by high wear resistance and heat
resistance, mechanical strength. They consist of a metal matrix, and additives for various functional purposes,
designed to increase the wear resistance, resistance of the friction material to the formation of a scuff, as well as
imparting the required value of the coefficient of friction [8-10].

Providing the required value of the coefficient of friction of the friction material is possible in several
ways: by changing the structure and composition of the metal matrix, using additives of metallic and non-
metallic powders of various chemical nature. Considering the compositions of sintered friction materials, it can
be noted that ceramic powders in the form of oxides, nitrides, borides are used as an additive that increases the
value of the friction coefficient [11-17].

The presence of solid particles in the structure of the material allows localizing seizure in small areas of
the surface, avoiding seizing and reducing the intensity of wear [18]. The process of friction and wear of a
material containing solid inclusions can be considered as a process of continuous formation, change and
destruction of frictional bonds at the points of actual contact.

Titanium dioxide is widely used in industry as an additive of low cost, characterized by stable properties
and non-toxicity. In [19] it is noted that titanium dioxide is characterized by a very high specific surface area, up
to 600 m2 / g, and a low thermal conductivity.

Chromium (111) oxide Cr203 is a typical amphoteric oxide with a corundum-type structure (a-form),
thermal and moisture resistance, high microhardness - up to 2940 kgf / mmz2, the highest strength of all
chromium oxides [20, 21].

The choice of aluminum nitride as an additive in the composition of the composite friction material is
based on the fact that it has good thermal conductivity, low temperature coefficient of linear expansion (4.6 10-6
K-1 at 20 - 500 ° C), high hardness (9 on the Mohs scale) and resistance to thermal shock [22].

In [10, 23, 24] it is indicated that the size of ceramic additives used in the compositions of friction
materials can vary from 1 to 600 microns. It is noted that the optimal size of SiO2 particles is 20-60 microns,
since at a particle size of 1 micron, their abrasive properties are lost, and at more than 60 microns, particles in the
process of friction crumble from the surface, causing its wear, and quartz sand particles - 63- 160 microns.
However, in [25] it is noted that the particle size of the SiO2 powder should be 20 um to ensure an effective
abrasive action.

The development of a unified understanding of the effect of the size and chemical nature of ceramic
additives on the processes occurring in a friction material during friction is very important and can be obtained
both on the basis of experimental and theoretical studies.

Purpose

Investigation of the effect of submicron ceramic powders TiO,, AIN, Cr,O3 on the tribological properties
of a friction material.

Methods

A mixture of copper powders with 12% tin and 30 vol.% Elemental graphite GE-1 was used as the basis
for the friction material. The initial charge was obtained by mixing powders of copper grade PMS-1 with an
average particle size of 100 um, tin grade PO 1 with an average particle size of 20 um, elemental graphite grade
GE-1 (GOST 7478-75), which has a flake shape, with an average size of flakes 100 um in a "drunken barrel"
mixer for 45 minutes. For the formation of friction materials, 7 types of charge were used based on copper with
additions of TiO,, AIN, Cr,O3 powders in the amount of 1.0-7.0 wt. % with a step of 1.0 wt.%. Figure 1 shows
the appearance of TiO,, AIN, Cr,0; powders used for research. Powders with high activity are presented in the
form of agglomerates, while themselves having a size of less than 1.0 um.

Titanium dioxide is agglomerates with a size of 100-150 microns, consisting of submicron powders,
predominantly spherical, up to 0.2 microns in size (Fig. 1a). Aluminum nitride also represents agglomerates with
an average size of 20 um, with a particle size of 0.5 pm (Fig. 1b). Chromium oxide powder consists of
agglomerates 20-30 microns in size, including spherical particles 0.2-0.4 microns in size (Fig. 1c).

Samples of friction discs for testing were prepared as follows: the resulting mixture from the initial
powders was applied by free pouring onto the surface of a steel base using special technological equipment, then
preliminary sintering was carried out in dissociated ammonia at a temperature of 840 © C for 50 min. The
sintered blank of the friction disk was subjected to plastic deformation (embossing) with a punch having a profile
in the form of a "mesh" on the surface, for molding a system of oil channels and grooves on the surface of the
sintered material, as well as obtaining a porosity of 12-18%. Then the final sintering was carried out under a
pressure of 0.1 MPa in a dissociated ammonia medium, which contains,%: H2 - 75, N2 - 25 at a temperature of
840 ° C for 3 hours.
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Fig. 1. Ceramic additives used for research in the composition of a composite friction material based on
copper” a) TiO2; b) AIN; ¢) Cr203

The principle of the tribological testing method was to simulate the braking process on the IM-58 inertial
stand in the “A” oil medium during registration of the change in the moment of friction forces depending on the
speed and time of braking [10]. The coefficient of friction and wear of the material was fixed after 500 test
cycles. Measurement of material wear was carried out using MK 25-1 micrometer GOST 6507-90.

The tests were carried out under the following conditions:
- initial braking speed — 19 m/s;
- specific load — 0.85 MPa;

- moment of inertia of flywheel masses — 0.56 Nemes?;

- friction work — 27.5 kJ;

- the coefficient of mutual overlap —0.29.

A disc made of 65G steel with a hardness of 260-320 HB and a roughness of the working surface of Ra
0.7-0.8 was used as a counterbody.

The structure was studied using an optical microscope MEF-3 (Austria). The morphology of the friction
disk friction surface and its microstructure were investigated on a high-resolution scanning electron microscope
MIRA (Czech Republic) with an INCA 350 X-ray microscope attachment from Oxford Instruments (Great
Britain). Non-etched areas were examined in a cross section perpendicular to the deposited layer. The strength of
the powder material was determined by compressive testing of specimens 20 mm high, 15 mm wide and 15 mm
long on a Tinius Olsen H150K-U testing machine at a loading rate of 2 mm / min.

Results

A very important condition for the use of ultrafine powders is their uniform mixing. Having a high
activity, such powders are capable of forming agglomerates, which affects the properties of the finished product
[26]. After mixing the initial charge of the friction material, a fairly uniform distribution of the addition of
submicron particles of TiO,, AIN, Cr,05; powder on the side surface of the copper powder is observed (Fig. 2).
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Fig. 2. Distribution of the addition of submicron powder particles in the friction material™ a, b) TiO2; c, d)
Cr20g3; ¢, f) AIN

In fig. 3a shows the dependences of the change in the friction coefficient of the friction material on the
content of the used additives of submicron powders. The addition of Cr,O3 powder provides the greatest increase
in the value of the friction coefficient - from 0.042 to 0.082, slightly less - the addition of AIN and TiO, powders
- 0.042-0.074 and 0.042-0.060, respectively.

The least wear of the friction material was observed when using 3.0 vol. % aluminum nitride additive
- 2.1 microns / km. The wear of the material with the addition of 1.0 vol.% Chromium oxide is 2.6 um / km.
Titanium oxide in the amount of 0.5-7.0 vol. % has a lesser effect on reducing material wear. When the additive
is increased by more than 7 vol. %, material wear is noted above the established value of 9.0 um / km (Figure
3b).
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Fig. 3. Change in the coefficient of friction and wear of a friction material based on 12% tin bronze with 30
vol.% GE-1 versus the amount of addition of submicron ceramic powders TiO,, AIN, Cr,0O3

In the process of friction, a modified surface layer is formed, which can be present both on one of the
friction surfaces, and on both. The formation of such layers during friction was noted in his works by the famous
scientist L.l. Bershadsky, pointing out that such layers have a structure different from the structure of the initial
materials, and determine the value of the coefficient of friction and wear [27]. These processes are discussed in
great detail in the works of B.l. Kostetsky and representatives of his school [28].

Investigations in characteristic X-ray radiation over the surface area of the friction material showed
the presence of such a layer. The layer is a mechanical mixture of the metallic phase of the friction material (tin
bronze) with submicron ceramic particles (Fig. 4).
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Fig. 4. Micro X-ray spectral analysis of the friction surface of a friction material containing submicron
ceramic powders (300 test cycles): a) TiO,; b) Cr,0g; ¢) AIN

It is noted in [29] that when ceramic particles of Al,O; with a size of 100 pm are used in the
composition of a sintered friction material, the friction surface is modified. It manifests itself in plastic
deformation of the softer friction material, with an increase in wear. In addition, it is marked by the closure of
the surface pores of the friction material. The effect of closing the pores is highly undesirable, since they, being
additional sources of lubrication, preserve the conditions of boundary friction. To a greater extent, the effect of
lubrication from the pores is manifested in the case of prolonged sliding, for friction materials called the slipping
process.

It has been found that the use of additives of ultrafine powders TiO,, Cr,0s, AIN in the range of 0.5-
7.0 vol.% Preserves the structure of the surface layer of the friction material (Fig. 5). The presence of pores on
the friction surface can be noted. In the case of an increase in the particle size of the TiO, defect to 100 pm,
already at 3.0 vol.% On the friction surface of the friction material, plastic deformation is recorded, the
formation of directed friction tracks from the abrasive action of ceramic particles, as well as the closure of
surface pores (Fig. 5d). For the friction material, an unstable value of the friction coefficient and increased wear
were recorded.
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Fig. 5. Morphology of the friction surface of a friction material based on copper containing additives of ceramic
powders (a - 7.0 vol.% TiO, (0.2 pm); b - 7.0 vol.% AIN (0.5 pm); ¢ - 7.0 vol.% Cr,053 (0.3 pm); d - 3.0 vol.% TiO,
(100.0 pm)) after 500 test cycles

Conclusions

The addition of submicron powders of TiO2, Cr203, AIN (0.2-0.5 pm) into the sintered friction material
based on copper leads to an increase in the value of the friction coefficient. So, when using the addition of
Cr203 powder, the greatest increase in the value of the friction coefficient is noted - from 0.042 to 0.082. A
slightly smaller increase in the friction coefficient is shown by the use of AIN and TiO2 defects - 0.042-0.074
and 0.042-0.060, respectively. It was found that the least wear of a friction material based on copper operating
under boundary friction conditions was observed when using 3.0 vol. % aluminum nitride additive - 2.1 microns
/ km. The wear of the material with the addition of 1.0 vol.% Chromium oxide is 2.6 um / km. Titanium oxide in
the amount of 0.5-7.0 vol. % affects wear resistance to a lesser extent. Increasing the addition of any of the
submicron powders by more than 7 vol. % leads to a significant decrease in wear resistance.
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Jlemok A.B., Ipixa A.B. 3aKOHOMEPHOCTH BIUSHUSI CyOMHKPOHHBIX K€paMHUUECKUX IMOpomikoB TiOs,
AIN, Cr,0; Ha TprOONIOrHuecKue CBOMCTBA (PUKIMOHHOTO MaTepuaa

VY3761 TpeHus s aBTOMOOMJIBHOM ¥ CIIENMaIbHON TEXHUKH IpeAHa3Ha4YeHbI JUIs paboThl B YCIOBHUSX
rpanngHOro TpeHusi. CoBpeMeHHbIE aBTOMOOMIM COAep)KaT (PPUKIMOHHBIE Y3IIbI, B KOTOPBIX HCIIONB3YIOTCS
(pUKIMOHHBIE MaTepuaibl. B HacTosIee BpeMsi akTHBHO HCIOJIB3YIOTCS (DPUKIIMOHHBIE MaTepHalIbl: Ha OCHOBE
TEPMOPEAKTHBHBIX CMOJI; LEJUIIOJIO3HO-OyMakHbIE MaTepuallbl; CIICUYCHHBbIE MOPOIIKOBBIE MaTepHalbl;
MaTepHabl YIIepoJHOTO WU YIIIEPOTHOTO COCTaBa; MaTepualibl C KepaMiyecKol MaTpuieil. PasBurtue equHoro
TIOHUMaHHUS BIMSHUS Pa3Mepa U XUMHUYECKOH MPHUPOIbI KEPAMUYECKHX T00aBOK Ha MPOILECCHI, IPOUCXOISIINE B
(pUKIMOHHOM MaTepHuaje TIpH TPEHHH, OYEHb BaXHO M MOXKET OBITh TMOIY4E€HO KaK Ha OCHOBE
9KCTIEPUMEHTAIIBHBIX, TAK M TEOPETUUECKHUX HCCIIeIoBaHNNA. B paboTe npencTaBieHs! pe3yiabTaThl HCCIIeIOBaHHS
BIHSAHUS CyOMHKpOHHBIX nopomikoB Ti02, Cr203, AIN pasmepom 0,2-0,5 MKM Ha TpHOOTEXHIYECKHE CBOICTBA
(DPUKIIMOHHOTO MaTepHata Ha OCHOBE MeIH, MPeAHA3HAYEHHOTO JUIsl paboThl B YCIOBUSIX TPAHUYHOTO TPEHHS.
YcTaHOBIIEHO, YTO TIPH HCIIOIb30BaHMM A00aBku mopomka Cr203 ormeuaercss HanOoOJbIlee YBEIWYEHHE
3HaueHus kodddummenta Tpenus - ¢ 0,042 mo 0,082, HeCKOJIBLKO MEHBIIIEE YBETHUCHHE KO GUIMCHTa TPSHUS
Mmokas3piBaeT wucnonb3oBanue nepexkroB AIN u TiO2 - 0,042 -0,074 u 0,042-0,060 COOTBETCTBEHHO.
Haunmenpnmii n3HOC (pUKIMOHHOTO MaTepralia ObLI Moy4eH npu ucronbs3oanuu 3,0 00. % n06aBku HUTpUAA
MFOMHHUA - 2,1 MKM / KM. YBenudeHue 100aBICHUS 0000 U3 CYOMHKPOHHBIX TIOPOIIKOB Ooiee yeM Ha 7 00.
% TPUBOIUT K 3HAYMTEIHLHOMY CHMI)KEHHIO U3HOCOCTOMKOCTH. DTO CBS3aHO C 00pa30BaHMEM Ha ITOBEPXHOCTH
(pPUKIMOHHOTO MaTepuasia MOJU(MUIIMPOBAHHOIO  CJIOS, COJAEpXKAllero KepaMH4YeCKWe 4YacTUIBl U
Metayumueckylo  ¢asy ¢dpuxkumonHoro Matepuana. Jlns  QpuknmoHHoro Matepuana  3aMKCHPOBaHO
HecTaOMIIbHOE 3HaYeHHEe KO QUIIMEHTA TPEHUS U IOBBIIICHHBII H3HOC.

KnioueBble ciioBa: GpUKIMOHHBIN MaTepuan, KO3()(QUIHUEHT TPEHHUs, U3HOC, KEPAMUUECKHE YAaCTHIIBI,
OpoH3a.



