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Abstract

Our research is focused on the phase, structure and chemical analysis of the powder particles released by
braking of cars from their brake components — discs and pads. The basic information on structure and phase
composition was obtained by X-Ray Powder Diffraction, Mdssbauer Spectroscopy and scanning electron
microscopy with EDX. The results of the particle analysis are compared with materials used for
manufacturing brake components and with the powder prepared by ball milling of the mixture of the pad
composite and disk steel. Most of recognized nanoparticles are based on carbon, silica/silicates and iron
oxides. Their effects on street environment are mentioned.
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1. INTRODUCTION

An important source of airborne particles is road traffic negatively influencing human health as reported in
recently published papers [1, 2]. Among the sources of the dust in on roads belong emitted particles from the
brake components [3, 4]. Proportion of wear brake emissions to non-exhaust traffic PM10 emissions is
between to 16 - 55 by mass [5]. Plenty of different type of particles can be emit during the breaking. Brake
disc are predominantly manufactured from a cast steel. On the other hand brake pads materials are
composed of wide range of component, e.g. fibres, abrasives, lubricant, fillers and binders [6]. The chemical
composition of commercial brake lining depends on the type of pads and their producers. Various
approaching to the study of wear debris was described in literature, e.g. collecting debris in real condition [7],
preparation of debris by brake dynamometer experiments [8, 9], or by ball-milling of materials [10]. Each of
this method has some limitation. Sample from real condition probably contain also other particles from road,
exhaust fumes and surrounding of sampling point. A brake dynamometer experiment does not take account
of effect on humidity, road salt or dust on the road. Ball-milling produces quite different type of debris to
comparison with dynamometer experiments [10]. It can be cause different wear abrasion, temperature of
brake, hydraulic press, surrounding condition, etc. during formation and emission of debris. For example
phenol-formaldehyde resin, which contents are 20-40% in the pad materials, transforms at temperature
above 300°C [11] which is temperature of wearing brake components during breaking process [12].

In the present paper we report our results of study of the phase, structure and chemical analysis of the
surfaces of disks and pads and powder particles, namely nanoparticles, taken from their surfaces. The
results of the particle analysis are compared with materials used for manufacturing brake components and
the powders prepared by ball milling of the mixture of the pad composite and the disk steel.

2. MATERIALS AND METHODS

Sample of debris were collected/prepared from worn in ventilated brake disc and pads from one of the most
common personal car in Czech Republic. Grinding and polishing surface of brake disc and pads were
investigated by optical microscope (Neophot 32 by Carl Zeiss Jena) and scanning electron microscope JEOL
6460 with Oxford Instruments analytical equipment INCA Energy (EDX).
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Chips of the brake disc and pad were milled in the planetar ball-mill (Pulverisette 7) after define time. The dry
milling was carried out in air filled container with volume 0.5dm3. During milling process the temperature of
balls and powder increase roughly above 100°C and decreased fast to room temperature after the milling
was stopped.

The X-ray powder patterns (XRD) were collected on X'Pert diffractometer and CoKa. radiation with qualitative
analysis by HighScore® software and the JCPDS PDF-4 database. For a quantitative analysis HighScore
plus® with Rietveld structural models based on the ICSD database was applied.

57Fe Mossbauer spectroscopy was carried out in scattering geometry with detection of 14.4 keV gamma
radiation (MS) and conversion electrons (CEMS). The spectra were measured at room temperature and
calibrated against a-Fe. The computer processing of the spectra was done using CONFIT program package
[13].

3. RESULTS AND DISCUSSION

The results of surface structure observations obtained using OM and SEM are shown in Fig. 1. The disc
sample shows pearlitic structure which is typical for cast steels and the pad surface corresponds to a
complex mixture of materials.

XRD analysis showed variation at phase composition worn in part of brake disc (BK-B) and area of disc,
which was not affect friction (BK-U). Samples BK-B contain 92% wt a-Fe, 3.5% wt cementite and 4% wt
graphite and similar composition (85.5% wt a-Fe, 6% wt cementite and 8.5% wt graphite) were observed for
sample BK-U. Higher concentrations of cementite and graphite were due to fact, that sample BK-U was bulk
material of brake disc and it was not affect friction.

Fig. 1 Image from light optical microscope - pearlitic structure of brake disc -1000x, etched by 2% Nital (A)
and brake pads - 25x (B).

The XRD analysis of brake pads show presence of a-Fe, barite BaSO4, corundum Al2Os, pyrite FeSg,
graphite C, calcite CaCOs, fluorite CaFz, mullite AleSi2O13, wustite FeO and magnetite FesO4. However, this
list is not a complete, common brake lining includes more then 20 items from very large group of compounds
(nearly 700) use for brake lining manufacturing [14]. Also phenolic resin used as binder in pads (its amount
can be about 20-40%) was not detected by our measurements of XRD diffractions.

Wear debris was collected by sweeping of the surface of brake pads and brake disc. Its XRD diffraction
sheets in Fig. 2 and Mdssbauer spectrum are shown in Fig. 3. The X-ray measurement collected on the
sweeping debris in Fig. 2 (bottom) contains mainly the graphite and quartz. The graphite and minor phases
(iron, pyrite, calcite, iron oxides, minerals etc.) originate from brake pads, but the quartz is from outside. Its
amount, crystallite size and morphology does not match the silica from the pads material. In the Mossbauer
spectrum (where iron containing phases are detected only) were recognized following phases: iron oxides
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(Fe?* and Fe3*) alpha iron, and iron carbide (~cementite). For the comparison the spectrum of the powder
sample prepared by ball milling of the brake pad and brake disc materials for 14 hrs is shown also in Fig. 3
(bottom). The alpha iron phase dominates there besides the paramagnetic Fe3* and an amorphous phase.
Formation of the amorphous phase is probably results of severe plastic deformation during the ball milling
process. The existence of amorphous (not well crystalline, not long range order) parts is reported as well by
XRD in Fig 2 (top). The peaks of iron, graphite, calcite, etc. are broadening whit the milling time. The pyrite is
the single phase not influenced by milling.
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Fig. 2 Top: XRD pattern of the powder sample Fig. 3 Top: Mossbauer spectrum of the powder
prepared by ball milling of the brake pad and brake sample obtained by sweeping of the surface of brake
disc materials for 14 hrs. Bottom: XRD pattern of the pads and brake disc. Bottom: Mossbauer spectrum
powder sample obtained by sweeping of the surface of the powder sample prepared by ball milling of the
of brake pads and brake disc. brake pad and brake disc materials for 14 hrs.

Mossbauer spectra of the brake disc and brake pad taken in scattering geometry with detection of 14.4 keV
gamma radiation (scanning depth up to ~30 micrometers) and with detection of conversion electrons (CEMS
with scanning depth up to 200 nanometers) are drawn in Figs. 4 and 5. They show that paramagnetic iron
carbide dominates in the thin surface layer. Therefore it could be expected that carbide nanoparticles are
emitted in surrounding air by braking.

As mentioned above the process of formation of brake wear debris was model by milling in ball-mill. The
results of XRD phase analysis of the milled pad material are given in the table 1. Following significant
changes in phase composition during the milling may be observed: (i) the decrease in content of carbon
phase (graphite) and (ii) the increase in corundum content. The decrease in graphite phase may due to
transition of the graphite structure to the other carbon allotropes, e.g. as shown in [15]. The increase in the
corundum content may be due to its separation from other materials in the pad composite.

The second material prepared by the milling was composed of bits of disc and pad in the ratio 1:1. The
results of XRD phase analysis of the sample prepared by ball milling of the brake pad and brake disc are
given in the table 2. On closer examination may be observed: (i) the decrease in content of carbon phase
(graphite) and mullite phase, (ii) the noticeable increase in alpha Fe phase content.
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Fig. 4 Mossbauer spectra of the brake disc taken in
scattering geometry with detection of 14.4 keV gamma
radiation (top) and with detection of conversion
electrons (bottom).
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Fig. 5 Mossbauer spectra of the brake pad taken
in scattering geometry with detection of 14.4 keV
gamma radiation (top) and with detection of
conversion electrons (bottom).

In the Mdssbauer spectrum of the ball milled powder the sextets of alpha Fe phase of the disk dominate (see
fig. 3). As minorite components the sextets of iron carbide and iron oxides can be recognized. Two doublets
of paramagnetic phase can be analyzed there and they can be ascribed to iron sulphide and to

superparamagnetic iron oxide phases.

Table 1 The amount of dominate crystalline phases determined by XRD (wt %) — milled brake pad.

o -Fe | FeS:2 C BaSOa4 Al203 CaCOs | AléSi2013

ferrite | pyrite | graphite | barite corundum | calcite mullite
Brake pad (BD) - grit * 4 3 69 2 5 7 5
BD- 1 hour milling 4 4 63 3 4 7 9
BD- 2 hour milling 7 7 48 4 6 10 7
BD- 3 hour milling 8 8 47 4 7 9 8

* results for composition of brake pad (original and after ball-milling).

Table 2 The amount of dominate crystalline phases determined by XRD (wt %) — milled brake pad and disc

in the ratio 1:1.

a-Fe | FeS:2 C BaS04 Al203 CaCOs | AleSi2013
ferrite | pyrite | graphite | barite corundum | calcite mullite
BD + BK - 2 h milling 36 5 34 2 4 6 8
BD + BK - 4 h milling 40 5 33 2 5 7 4
BD + BK - 6 h milling 46 5 27 2 5 6 5
BD + BK - 8 h milling 53 5 21 2 5 6 4
BD + BK - 20 h milling 59 5 17 2 7 4 3

4, CONCLUSION
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The above analysis of the thin surfaces of the brake discs and brake pads clearly indicate that fine particles
and/or nanoparticles based are emitted in the air by car traffic. The phase composition of these particles is
based on chemical and phase composition of brake discs and pads but also new phases appear, e.g. carbon
based phases and amorphous phases which are formed by severe plastic deformation of the surface layers
during braking.

ABBREVIATION
PM10 - Particles which pass through a size-selective inlet with a 50% efficiency cut-off at 10 pm
aerodynamic diameter
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