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ABSTRACT

Brake emissions were measured on a specially constructed brake emission 
testing machine that confined the emissions so that a mass balance could be 
made. The particulate mass emitted from a single disc brake varied from 
1.3 to 21 mg/stop over a normal range of simulated car velocities and decel­
eration rates, with a median level of 3*3 mg/stop. The airborne mass of 
6.5 mg/vehicle/km is slightly greater than tire particulate emissions and" 
about 40% of tailpipe particulate emissions from a car using unleaded gaso­
line. Median gaseous emissions of 1.4 mg C/brake/stop (6.7 mg/km) are 
emitted as C^, CO, and hydrocarbons.

Approximately half of the worn brake material becomes airborne with the 
remainder settling to the roadway or being entrained in the wheel. Because 
of the more open construction of disc brakes and the higher inertial load 
imposed on front-wheel brakes, about 50% more airborne particulate is emitted 
from front disc brakes than from rear drum brakes. It was found that there 
is no difference in the size distribution of particles emitted from disc or 
drum brakes. The mass median diameter is between 3 and 4 micrometers with 
90% of the mass of particles greater than 1 micrometer. The composition 
of the particles will not be discussed in this paper.

As the wheel velocity increases, gaseous and particulate emissions during 
braking increase very rapidly. For example, fifteen times more airborne 
particulate is released at 88 km/h than at 40 km/h. Higher deceleration 
rates result in higher emissions although the increase is less pronounced 
than those observed with velocity changes.
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INTRODUCTION

The drum linings and disc pads used in most of the cars on the road today con' 
sist of three basic components: chrysotile asbestos, friction modifiers, and 
binders. Approximately 50i of the brake lining consists of a chrysotile 
asbestos pad, used because of its friction and heat properties. Friction 
modifiers such as graphite and cashew resin are added to improve the fric­
tion properties; metal compounds are added to improve the wear properties of 
the asbestos. The materials are held together with phenolic binders.

During the lifetime of the brake lining (an estimated 40 000 miles for 
drum linings on rear wheels and 30 000 miles for disc pads on front 
wheels’*"), the brakes are worn away by abrasive and thermal wear. Particles 
worn from the brake lining become entrained in the wheel, settle to the 
roadway, or become airborne. The high surface temperatures reached during 
braking (up to 1000°C) also lead to gaseous hydrocarbon, carbon monoxide, 
and carbon dioxide emissions.̂

Brake emission studies published to date have been limited by the experi­
mental approaches taken. A variety of laboratory devices have been designed 
for evaluating and testing friction materials.2 ’̂  Emission studies from 
these devices cannot quantify the gaseous and particulate emissions from 
production brake components.^ Brake-test dynamometers commonly use full- 
sized brake components, but it has proven difficult to confine the emissions. 
One open system for brake emission work has been demonstrated at the Ford 
Motor Company.^ An on-board system designed by Bendix placed collection 
surfaces extremely close to the brake which may have reduced the amount of 
airborne wear debris.^- To overcome these difficulties, we have built a 
unique brake-wear emission facility consisting of a brake-test dynamometer, 
an enclosure tube, and a sampling system. Brake emissions can be generated 
and collected under operating conditions that duplicate the usage range of 
automobile disc and drum brakes. This report quantifies the particulate and 
gaseous emissions and compares brake emissions as measured with our testing 
facility to other mobile-source emissions. The composition of the particulate 
emissions will not be discussed in this paper.
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Figure 1. Disc Brake Assembly in Enclosure Tube
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according to their aerodynamic diameter. Particulate materials are 
deposited on a set of impaction plates for mass measurements, microscopic 
examination, and chemical analysis.

The flow rate through each sample probe is adjusted to match the velocity at 
the probe inlet with the mainstream velocity in the collector tube. This 
isokinetic condition ensures that the sampling is indiscriminate with 
respect to particle size.

The fourth probe shown in Figure 2 was used to deliver a gas sample from the 
tube to a train of analyzers for continuous measurement of HC, CO, and 
C02. The analyzer signals were recorded on strip charts at the operator 
console. Brake-wear dust which fell out of the brake assembly during tests 
accumulated in the enclosure tube. This dust was collected in a polyethylene 
bottle through a short, Tygon inlet tube. The bottle was packed with glass 
wool and was attached to the inlet end of the hose to1 an industrial vacuum 
cleaner. This device was an efficient collector of brake-wear dust which 
tenaciously adhered to most surfaces. Most of the dust retained in the 
brake assembly was gently brushed into a tared vial. The vacuum device was 
used for final cleanup of the brake assembly, and the mass collected was 
added to the mass of dust in the vial to measure the total retained dust.

Selection of Test Brake Materials

The disc pads and drum linings for this test program were selected to 
represent high-volume production components. The disc-brake set and the 
drum linings used for most of the tests were new, OEM components* Two, 
used disc-brake sets were also tested . . . one set with 8000 km of use 
and one set with 60 000 km of use. All the disc-brake results will be 
presented as a single set since there were no measurable differences in 
emissions among the three sets. Both the disc and the drum brakes were 
manufacturer’s equipment for standard-sized GM automobiles. The fric­
tion material used for testing consisted of about 60% asbestos, 22% 
inorganic modifiers, and 18^ organic binder by weight. Overall, the
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RESULTS

Test Results

The results of the disc and drum brake tests are shown in Tables I and II, 
respectively. All of the parameters were measured during the disc tests, but 
only the airborne particulate and gases were collected during the drum 
tests. The percent recovered is the ratio of the material collected to the 
loss in brake pad mass. The average percent recovered when all the parame­
ters are measured is 90$. This is considered a good recovery since there is 
considerable difficulty in measuring small mass changes in the brake pads. 
Only 85$ of the material from the drum tests was recovered. The remaining 
15$ is assumed to be due to sedimentary and retained particles.

Comparison of Front-Disc and Rear-Drum Brake Emissions

Average emissions for drum and disc brakes under two operating conditions 
are shown in Table III. Rear-drum brake emissions are always smaller than 
front-disc brake emissions. This is particularly true at the high velocities 
where disc temperatures rise quickly. This agrees with the trend found by 
Jacko and DuCharme and the fact that front-wheel disc brakes are known to 
wear out more quickly than rear-wheel drum brakes.^" This can be attributed 
to the higher temperatures reached in disc brakes due to the smaller surface 
area at the disc-rotor interface and the higher inertial loads.
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Table II. Results of Rear-Drum Brake Emission Testsa,b

Test Velocity Deceleration
Airborne
Mass HCP co£ coc

(km/h) (m/s2) —  mg/stop

58-60 40 1.85 0.72 0.06 0.04 0.03
61 40 1.85 1.10 0.05 0.07 0.02
54 40 1.85 0.60 0.21 0.73 0.18
51-53 40 4.9 3.01 0.06 0.18 0.05
62 40 4.9 2.5 0.03 0 0.02
48-50 64 1.2 0.75 0.29 0.84 0.23
42-44 64 1.85 1.04 0.67 0.55 0.44
55-57 64 1.85 1.12 0.36 0.66 0.21
45-47 64 2.5 1.12 0.85 2.4 0.56
63-65 64 4.9 1.63 0.46 0 0.27
66-68 88 1.85 2.18 1.2 0.73 0.11
69 88 1.85 3.25 0.53' 1.8 0.6

a 2Tested using rear-wheel inertia of 53.4 kg.m .

k The total emission from the drum tests was 8.1 g which consisted of 4.2 g 
of airborne particles, 1.3 g of hydrocarbons, 1.9 g of CO2 and 0.65 g of 
CO as C. The total brake loss was 9*5 g. Therefore, 8 5% of the brake loss 
material was recovered.

q CO, C02 an(j HC are reported as carbon mass.
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Particles

Figure 3. Disc Brake Emissions at Various Velocities. 
Deceleration =1.8 m/s^.
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Size Distribution

Several cascade-impactor runs were made to determine the size distribution 
of the airborne particulate. Particle size distributions for typical disc 
and drum tests are shown in Figure 5, using the manufacturer’s cut-off 
diameter for the impactor stages. The disc and drum distributions are 
virtually the same, with the distribution peaking between 1 and 2 micro­
meters. The mass median aerodynamic diameter (MMAD) averages 3*1 micrometers 
for ten impactor runs and the submicrometer particles average only 10$ of 
the total mass. This particulate distribution falls between the atmospheric 
bimodal distribution of secondary aerosols (centered around 0.3 micrometer) 
and mechanically generated aerosols (about 10 micrometers). There is some 
evidence of a shift in particle size to smaller particles at higher wheel 
speeds. Thus, in a separate series of experiments, particles emitted at 
40 km/h have an average MMAD of 4.0 micrometers compared to a 3*0 micro­
meters MMAD at 88 km/h.

Distribution of Emissions

For the purpose of calculations, the median levels of brake emissions were 
determined. The airborne particulate accounts for 1.6 mg/stop from front-disc 
brakes and 1.1 mg/stop from rear-drum brakes. Total emissions from one front- 
disc brake are 3.3 mg/stop particulate, 0.6 mg C/stop as hydrocarbons,
0.7 mg C/stop as CO^, and 0.1 mg C/stop as CO. The average particulate is 
55$ airborne material, 12$ sedimentary material, and 34$ brake-entrained 
material. These values are quite different from those found by Jacko and 
DuCharme1 of 7 to 15$ airborne, 63 to 79$ sedimentary, and 7 to 15$ brake 
entrained. The values found in our study for brake-entrained material may 
be high since the brake was cleaned after each test. Over a longer running 
period, the available surfaces would be filled which would cause additional 
dust to settle to the roadway or become airborne. On the other hand, it is 
possible that the sedimentary portion found by Jacko and DuCharme may have 
been overestimated. The shroud surrounding their brake system created an 
artificial system with high surface areas for impacting material which might 
otherwise become airborne.

15



DISCUSSION

We have shown that approximately 3.3 mg of particles and 1.4 mg C as gaseous 
hydrocarbons, CO, and C02 are generated during a single disc brake application. 
The particulate was found to be 55% airborne, 12% sedimentary, and 34% brake- 
entrained. A front-disc brake emits 1.6 mg/stop airborne material compared to 
1.1 mg/stop for a rear-drum brake. The larger emission for front-disc brakes 
is expected, due to the higher temperatures measured at the disc-rotor 
interface and the larger inertial load imposed on the front-wheel brakes.
Brake emissions increase rapidly with increasing velocity, but deceleration 
rate has little effect. The airborne mass has a MMAD of 3.1 micrometers, with 
about 10% of the mass being in the submicrometer range.

Based on these results, total brake emissions can be estimated on a national 
basis. There were 144 million registered vehicles in the United States in

91977, each traveling an average of 15 800 km (9800 mi). Brake applica­
tions per km range from 0.6-2.5, depending on the type of driving.'*'
Assuming an average of 1.2 stops/km (2 stops/mile) and four brakes per 
vehicle, there would be 1.14 x lO1  ̂brake applications yearly. The total' 
emissions (based on data from disc brakes) would be 3*6 x 1010 g particles,
0.7 x 101® g C as hydrocarbons, 0.8 x 1010 g C as C02, and 0.1 x ÍO1^ g C 
as CO for a total emission of 5.2 x 101® g/year. This agrees well with 
Jacko and DuCharme’s*" estimate of 5 x 10*^ g of brake material worn away 
annually which was based on the number of brake linings installed.

The total airborne particulate emitted from brakes is about 6.5 mg/car/km 
([2 discs at 1.6 mg/stop + 2 drums at 1.1 mg/stop] x 1.2 stops/km). This 
compares to particulate exhaust emissions for a car using unleaded gasoline 
of 16 mg/km (25 mg/mi)-*-® and airborne tire-wear emissions of 2-5 mg/km.•*■•*• 
Therefore, brake particulate emissions may be as much as 40$ of exhaust 
particulate emissions, and comparable to tire emissions. Although brake 
particulate emissions are significant compared to tailpipe emissions, the 
total estimated brake emissions of 3*6 x 10*"̂  g/year is extremely small 
compared to total U.S. anthropogenic particulate emissions of 1300 x

g / y e a r . T h e  gaseous emissions of approximately 7 mg/km from 
brakes are very small compared to tailpipe emissions.
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