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Tide: STUDY OF WEAR DUST FROM BRAKE LINING
Project 2550

SUMMARY

Brake lining wear dust was collected on & membrane filter mounted in a box
which surrounded & brake run on an inertia dynamometer. 1In addition to
this airborne fraction, the dust that settled to the flcor of the box and
that which remained within the brake was also collected. A total of 6-1/2
grams of dust was collected from 2150 stops during a total time of about
110 hours. The airborne portion wes 2.7 grams. Most of the stops were
mede from 35 miles per hour at 10 ft/sec? deceleration, interspersed with.
stops from 50 mph (ebout 10 per cent).

The airborne dust was examined by light microscope, electron microscope,
X-rays and other meens. Asbestos fiber could be detected only by the electron
microscope which gave a maximum of 1.4 per cent fiber by weight in the wear
dust, although the lining contains 70 per cent chrysotile fibver.

This result is accounted for by the high surface temperature and severe abrasion
during even the mild braking of these tests when the average tempereture did not
exceed 200°F. Caleulations show that the surface temperature at the true area
of contact (1 per cent of the apparent area) can reach 2000°C or more. It is

concluded that most of the fiber is converted to an emorphous mineral by intense
heat and fipe grinding.

collected at suitable distances from highways and the semple examined in the
electron microscope for asbestos.

It is recommended that samples of the particulate metter in the atmosphere be [{

Contents: Summary, Introduction, Experimental Method, Results Apgindix I (cal-
culations), Appendix II (Tebles 1 end 2). Appendix 1t *‘mures » and
Appendix IV (References).
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INTRODUCTION

Laboratory measurements were made to determine what type of particulate matter
end gases are given off when a breke lining is worn during operation. The vear
of the drum, usually cast iron, is necessarily included. Of special interest is
the airborne dust expelled into the atmosphere from the moving breke. Previously,
some observations had been made at Johns-Manville Research and Engineering Center
on dust removed by hand from a leboratory brake,l but this is the first time, to
our knowledge, that any observations have been made on the airborne fraction.

A search of. the literature revealed no measurements on brake lining wear dust
although the rate of wear is sometimes given.2.3 Recently, numerous articlesﬁss
have appeared calling attention to the widespread use of asbestos in materials
such as brake linings, floor tile, roofing, asbestos-cement products, ete. It~
is usually assumed that as these materials wear, much of the asbestos fiber is
dispersed into the atmosphere, thereby contributing to air pollution and creating
a health hazard. This is understandable, since the asbestos content of these
materials is often high, 70 per cent in the brake linings used in these tests,
and asbestos is commonly considered to be indestructible. However, we know of

no measurements made to test this assumption or to observe the amount of asbestos
in urban atmospheres.

The present tests show that during the wesr of brake linings very little asbestos
fiber is dispersed into the atmosphere. Examination of the airborne dust by -
light microscope, electron microscope, and X-ray diffraction showed very little

of the original chrysotile fiber. Nearly all the fiber appears to have been con-
verted to an amorphous mineral by the severe abrasion and intense heat generated

.during brake operation. A point-count mede on eight electron micrographs gave an
-upper limit of 1.4 per cent fiber in the airborne dust.

This is not surprising when one calculetes the amount of energy dissipated while
operating a passenger car brake. It is shown in the sppendix that the heat generated
raises the temperature of the surface of contact between brake lining end drum to
about 2400°C. This high tempereture occurs on the surface of the lining at the .
regions of actual contact with the drum, much less than the apparent area of contact.6
These regions of contact ere worn away during rubbing, so that the actual contact
continually shifts to new regions. As a result, the wear particles of asbestos,
resin6 etc., are heated to a very high temperature for a very short time. Bowden and
Tabor® observed meny incandescent hot spots during the rubbing of metals on glass.

EXPERIMENTAL METHOD

A wooden box, approximately e 1-1/2-ft cube with & Lucite top, was constructed to

£it around a 1961 Ford brake mounted on the C inertia machine in the Friction Materials
Research Section pilot plant. Figure 1 is a photograph of the box mounted on the
brake.
fiber glass filter .on the entrance, and tapers to a l-in,-square opening at the outlet
into the box. The right front side ¢f the box carries two 8 x 10-in. filter holders
for Gelman membrane filters. These holders are connected through flexible hoses to

a T-1/2-hp industrial vacuum cleaner (not shown). When the vacuum cleaner was run,
gbout 150 cfm of dust-free air was drawn through the Flanders filter, over the brake
and out through the membrane filters to collect the airborne wear dust.

The pressure drop across the membrane filters was about 15-cm Hg, measured with the
mercury manhometer shown standing on the box at the right, connected to a petcock
on the exit side of the filters. The pressure drop across the Flanders filter was

about, 3/h=in. Ho0, mensured with the water manometer shown on the 1eth, connected to
n vt A thronwerd tha aldre aff the hay

The left rear side has a conical air inlet which carries a l-ft-square Flanders

. mvmee A -
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Since the interior of the box was under a negative pressure of 3/4=in. H,0, it

was necessary to seal the Joints and screw holes asgainst entrance of dusty ambient
air. This was done on the outside with DUXSEAL eand on the inside with contact
adhesive. The interior of the box and the parts of the brake and mounting within
the box were painted white to show up any wear particles that settled out. The
stationary hubs at each end of the brake drive-shaft were sealed to the ends of the
box with 1/16-in. rubber sheet and rubber cement.

Figure 2 shows the auxiliary equipment used to measure the relative rate of evolution,
of wear dust during and after braking. At the left rear is seen a Sinclair-Phoenix

serosol photometer connected to the side of the box through a petcock. In the left

foreground is a logarithmic emplifier connected to a Varian recorder on the right.
Dusty air was drewn continuously from within the box and through the photometer at

a rate of about 1 cfm by means of a 1/6-hp Gast pump. Since this rate of air removal
is sbout 0.7 per cent of the total air flow, its reduction of the amount of dust
collected on the membrane filters is negligible.

Figure 3 shows the type of record obtained during stops from 35 end 50 miles per hour
at 10 to 12 ft/sec? deceleration at intervals of 2-1/2 minutes. Two of the stops were
from S0 mph as indicated and the others from 35 mph. Usually a more or less reguler
pattern occurred in which the dust concentration fell to near zero between each of
several stops and then remained at an intermediate level for a couple of stops.

The marks numbered 2, 3, and b are calibretion points for the logarithmic emplifier. ~

They are obtained by interposing neutral optical filters of known light transmission
into the photometer light beam.

Figure b is the resultant calibretion curve which shows the epproximate logarithmic
relationship between chart reading and dust ccncentration, the latter proportional to

scattered light intensity. For example, a chart reading of 50 corresponds to a dust
concentration about 100 times that for a reading of 5.

Dust was collected during 2150 stops, most of it on two wembrane filters. The average
temperature of the brake lining was kept at 175-2000F and was measured with a thermo-

»couple set in a hole in the lining about 1/16 in. below the surface. The temperature

vas kept low, in order to simulate aversge braking, by increasing the time between
stops to 3 to LI minutes when overheating commenced. As indicated earlier, this tempera-
ture is far below the instantaneous surface tempereture (see Appendix I ).

RESULTS
Three fractions of wear dust were collected:
1. Airborne dust collected on membrane filters: 2.71 gn;

2. Dust removed from within brake after completion of test: 3.54 gm;
. . i .
3. Dust collected from within box after completion of test: 0.21h gm. v

These fractions &ll include some cast iron worfi from the drum, about 1 gm total. The
samples were analyzed for ignition loss, by light and electron microscope, X-ray
spectrometer, emission spectrograph, infra-red spectrograph, end Coulter particle

size analyzer. In addition, eir samples were withdrawn from the box during dbraking end
analyzed by the Gollob Analytical Service. Table 1 shows the results obtained.

et . D pA——
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Table 2 shows the composition of linings used. It is seen that the finished lining
is about TO per cent chrysotile fiber after the water and other volatiles are driven off.

The total weight of sample collected, 6.46 gm, is much less than the measured weight
loss of the brake shaes and drum: primary, 4.0 21 gm; secondary, 7.0 tl; and 2 tl gm.
However, the accuracy of these weights is questionable because of the heaviness of

the shces and the drum. We feel certain that negligible loss of dust occurred during
the tests, so that we cannot account for the discrepancy.
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APPENDIX I

Calculation 6f surface temperature of. lining.

These tests simulate & front wheel brake of a 1961 Ford, designed to decelerate

30.5 per cent of the cer mass, or 1270 pounds. At a veloclty of 50 mph = 73,5 ft/sec
the kinetic energy of this mass is 106,000 ft-1b or 136 Btu. At a deceleration

of 10 ft/sec2 this heat is generated during a stop of 7.35 seconds' duration.

During the first second, the average rate of heat generation is 34.6 Btu per second

= 8.72 x 103 cal/sec. This heat is generated over & total lining area of 52.5 sgq in.
(21 x 2-1/2) rubbing against cast ironm.

Bowden and Tnbor6 give e method uhich allows a calculation of the true area of contact.
Their experiments on metals showed that the actual aree of :contact is directly pro-
portional to the load. As the locad was increased, the points of contact® flowed
plestically until the area of contact was sufficient to support the load. In the

case of less dQuctile materials such as brake linings, the points of contact would

be crushed until the lced-bearing area was large enough so that the crushing strength
vag no longer exceeded,

For metals, Bowdem and Tabor found that the yield pressure is three times the tensile
strength. We meke the same assumption for brake linings. Johns-Manville Research re-
port 4S6-T-LL, received from A. J. Taylor, gives a tensile strength of 1590 psi for a

lining similar to that used {n these tests. The yield pressure is then Dp = 4770 psi-=
6.87 x 10% 1lb/sq ft. S

According to the definition of the yield pressure, p, = L/a, where L is the load and
a is the real area of contact. The load on the lining may be calcnlated.by equating
the torgues about the axle of the simulated car,

The torque on the tires is

mdR = 1270 x 10 x 1.09/32.2

Here, m = mass declefated = 30.5 per cent of total mass of car = 1270-1b mass.
d = deceleration = 10 ft/sec® = (10/32.2)g
R = rolling radius = 1,09 ft

The torque on the brake lining is
pLr = 0.4 x L x 0.463 .
Here, Af = coefficient of frictien = 0.b
L = load
r.‘ﬂ drum radius = 0.4%63 £t

Equating these two torques gives the losd, L = 2320-1b force. -~

D ——————
*The roughness of even the smoothest breke linins (10-microinch averase) is sbout
2500 times molecwlar dimensions. ’
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Roquested by: J. 0. Kooh {P-358)

Sumzary Al dasd

Wear producte from brake lioings were produced {n a test aschine in the Friction
Materiels Department. Two runs vere made and the dust froo the veer products
vas collected from three locations of the test machine. The air boine dust wes
collected on Gelauun peper. Seuples of dust, accupulated in the drum and box,
vere 0180 collected.

The dust from the wear products was examined by varicus techniques %0 determine

the noture of the producte. OSince chrysotile fidber is the major constituent of
broxe linings, it wae surprising to £ind that the fiber wus undetocted by x-ray or
infrared techniquec. Spectrogrophic dato ahovws that the elenental constituents

of ¢hrysotale fider, that ie silica snd magnesis, are present Proper Tatio of 1l
Nita the electron microscope, however, chrysotile fiber was 1dantified and estimeted
to be 1.b per ecnt in the air borne dust. (Ses Report 456+1nt<50T) -

Iron and mognetite werg Adentified by x-ray diffraction patterns. A styong vand
at 3.0 sicrons of tho spectrun bay be indicative of & phenolic material,
probobly & degredation product c? phenolic resin.

The mechanism by which the ¢b-ysotile fiber i almost conpletely degenersted to
en aoorphous product or procucte, during braking operations, is ROt understeod.
Ty i8 believed that this phass of the inguiry is deing {avestigated.

A developaent repord 15%-2506 will be 1ssucd by D. Sinclaiy ragarding the nature
of the vear producte and other aspacts of this vork.

Mareriale Subniyted

e ——————————

Sample Laboretory
Ident. lia. Index do. Description
1 AGh-25-1 Alr borne dust chemicelly separsted
fTom Gelmon paper (zum 1
2 Ah25-2 Same as sazple 3 (run @
3 AQ+25-3 Pust from drva
b AQheR5- . Dust from dox
Mothods of 18

Pioe aiy borne dust vas removed from Gelman paper (rua 1) by diasolving the peper
1n cold NEX and centrifugetion. The solvent vas Yemoved and the anst solids dried
at SOC ia vacuum. Saxples vare submittad to xeray, Spectrogruphic, nicroseopic and
1afrered laboratories for exERinetion. In Tun 2 considerebly more &ust was obtainad
froa thres locations. Only eir borne dust ves collected 18 IR Lo — —rlreen

MNombook 3433, PP 450665
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Results of Analysis (in per cent)

emicel
Ignition losses at 800F
Sample {ose
2 "ﬁ_.s‘
3 19.3
& JL.0%

* This eample vas apparently contaninated with dried paint flakes and other
saterial found in the box.

Aoount of Duet Recovered in Run 2

Soople Qrema Recovered
2 2.4

3 3.54

L o.24

1% ie estimated that 0.31 grams of airborne dust was recovered froa the Galman
paper after the first run.

infrared

Ag infrared spectrum (chart U-2000) of run ) atrborn dust was obtaiged using the
KBy pelliet technique to prepare the eazple. No evidence of chrysotile vas cbserved
in the spectrum. A etrong band at 3.0 aicrons may be indicative of & phamolic
saterial, probabvly o degradation product of phenciic vesta.

X=mey
The following tdentifications vere made from X-ray Ai¢traction patterns:
swazple Identification
L zagnetite and possible trece of iren
3 iron
i (magnetsc frection) magnstite and iron
ah(non-pagratic frection) rutile {Ti0,)
zincite mﬁ)
cadcite (MS)
quartz (5102)

Chrysotile vas ot detected in eny of the sanples.

gpectrogrepbic {800F eeh)

The wmnuotmmuhetanlm 3, 3, ad b vere found to be
ocospositica. The spproxiaate compositicn ie 88 gollovs: R

O ————————

* Sample CODNALNS SOMe cOpper, ¢itanium and 3inc.
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Cbrysctile fider wvas detected vith the electron micrusgope. The smownt of chrysotile
£10er vas estimated st 1.4 per cent in the airborne ssaple of Tun ). {(See Beport
. §86-Int-60T).
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