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A number of investigaton have found asbestos bodies in the lungs of urban residents who were not oc. 1
cuparionaily exposed ro cibestos. A relarionship between the carinogenic properties of asbestos and the
urban excess of lung czncer has been suggesied. The decompasition products of brake linings have been

described as @ possible wurce of thess fibers

8rcke testing iaboratory methods were used to test fiber

emission from @ variety of friction products. Only @ very small fraction of the asbestos escaped as free
fiber while the remainder was rransformed into some other, nonfibrous, mineral. A significant release of free
fiber occurred only under conditions extreme enough to produce broke failvre.

Table L. Agbestos bodies in human ‘unqs.

Locaton Year Pasitve
Cace Town (2) 1963 2
‘iaarm (2) 1963 -
Fresaurgn (3) 1965 <l
Jensnaesourg (1) 1965 33
Sintand (%) 1966 ]
Montreal (6) - 1966 4
San francses (1) 1966 Q
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| Wearout many more. These iinin

The occurrence of coated fibers re-
terred to 33 ‘‘asbestos bodies” in the
lungs of urban populations not oc-
cupstiorally exposed to asbestos bas
been roted by several investigaton.
The results of several autopsy series. as
summaried by Cooper,! are shown in
Table 1.** Thompson,’ in suggesting
possible modes of exposure that could
account for these bodies, stated:

The average private motor vehicle wears
out three or four sets of brake linings and
one or two clutch linings in its lifetime, and
commercial and public transport vehicies
largaly of asbestos which i du ‘

¥ which is ground to duat
sa the linings wear, and most wear nccurs
in built-up areas. This alonein moxe citios
would involve the di ol many tons
of ssbestos dust and fibers in the streets
each year.

Since asbestos has been implicated
a3 & carcinogen® and lung cancer has a
bigher incidence® among urban popula-
tions, the {ate of the asbestos worn from
berake linings beenmes significant.

Brake Lining Compesition

The average compagition of typical
braka linings of the type tested is shown
in Table [I. Iadividual mixes may vary
considerably from these sverages.

Each of these ingredients perfornis a
particular function. The ashestos pro-
vides strength, heat resistance, and selec-
tive decomposition under stress. The
resing and polymaers hold the ather in-
gredients together. Various oxides are
added as pigments and to improve ths
grip of the lining on the drum. 3Solt
metals such as lead and hrass improve
wear while carbon and graphite serve

.

as friction modifiers.

Brake lining quality depends to a large
extent on the type of binder used.
Linseed oil. whick begins to decompose
at about ¢50*F, is used for light seevice
brakes. More demaading service re-
quires brakes made irom cashew type
resins or o modified phenolic resins.
These ingredients are mixed, either dry
or with & soivent sdded. formed into
shape. and cured in an oven. The
hardened lining is then cut, ground. sad
sanded to the precise dimensions of the

finished linings. The dust produced by

the abrading operations in asbestos

friction product factories (Figure 1)-

contains {ree a:bestos fibers that are
similar to those in industries where cag-
cer is known to be in excess.® The
question to he rezolved, therefore. i
whether the dust produced by the
noermal wear of brake linings contains
this :ame type of free asbestos fiber.

Test Methods

In an initial exploratory survey, the
dust obtained from inside automobue
brake drums removed for brake relining
was examined by electron micrograph.
Figure 2, which is typical of the seres,
does not reveal any iree fibers. How-
ever. this tinding did not eliminate the
po~sibility that free asbestos fibers were
released and that thev had escaped into
the atmospnere. . Tu examine this hy-
pothiesis 2 aeries of experiments mus
devised to permit samypling decompos-
tion pradlucts of the lining widee simue
lated operating conditions. The tests
(Table [II) were periormed with the
brake testing machines in the laborator¥
of a major brake lining manuiacturer.
Most of the tests wers pertormed on 3




Figure 1. Brake liming factory dust.

friction-lesting machine which used
one-inch-squars samples of the test
lining. Heating and cooling apparatus
permitted control of drum temperature
from those encountered with inter-
mittent brake use to the maximum

nperature which occurred only in

remely rapid or '‘panic”’ stops from

&h speed. Other tests were performed
on & brake-testing dynamometer which
subjected 2 complete brake assembly o
a series of stops and starts from different
speeds and at different deceleration
rates to simulate actual driving con-
ditions. [n these tests the drum tem-
peratures varied according to the driv-
ing condition simuiated. During each
run at 3 test condition, & sampie was
collected on an 0.8 x pore siss membrane

figure . Dust remaved from dOrake drum,

drum brake liniags showed less than
1% free fiber in the decomposition
product as compared to sbout 50% in the
lining. An electron micrograph of the
decomposition product obtained {rom s
typical test in this group is showm in
Figure 3. In those tests where a sig-
nificant mass of free fiber was released
(Figure 4). the tempcrature was in an
extremely high range for the lining iz
question as evidenced by rapid drop in
the coefficient of friction. Had these
linings been subjected to like conditions
in a vehicle, the brakes would have
failed.

Similar resuits were obtained in the
bus and truck drum brake tests and in
the clutch test. The experimental model
disk brake tested did releass some
(>8%) fres fibers, but no conclusion
caa be drawm {rom & single mmple.

Disgusaion

Except in all but the most extreme
driving conditions, only s very small
fraction of the 30 to 50% asbesios pres-
eat in & beaks lining eacapes into the
atmosphere as {ree Gber. The question
remains: What happened w0 the as-
bestos? A prevalent theory of brake
operation holds that wear occurs not
by sbeasion of the lining by the drum
but by the production of minute sreas
of intense heat at the points of contact
between the drum and the lining De-
composition, not oaly of the binder but
of the asbestos as well, occurs at these
locations since the breakdown tem-
perature of ssbestos, about 900°F, is
include 0ot free asbestos fibers, but s
different minerai resuiting from thermal
metamorpbosis of asbestos.

Figurs

d
tu

Oecomoamutian oraduct from noc.

megl wesr Ot Dréxg Hining,

m' .

4
tta

Decompostion product from drane
.

[3

PN
).

AT

* et
C 08P L vt

¢ BRI\ \)

SAEANINIGN

20®m.
o~

,.\
-a

X\

1)
089 240

\)

-
e

"\
-~
"X .

\ L P

(A

e

-

.—u-z‘\vz

\

Neat—d o 22 NN N

¥

20800

mEARS, 4.

/)

'y

[ O

VI A acP A

rrame

/
.o"."’



Tabie i,

Test resuits by etectron micrograph.

Product

Test
Method

No. of

Brand Samopies

Conditons
of Test-F

Pre

ANCEe
ot Free
Fiders

"Free
Dert

L Aytomodde
drum
brakes

2 Automonite
drum
brakee

3 Automobide
drum

drum
dranes
Aytomodde
drum
brakes
Automobie
duytch
Aytomodie
digk
brake
Sys grum
brake
14 Sus drum
breke
8. Truck drum
breke
(L

[N Autormaotde

A Frictuon § 300 - X0

-] _ Friction § 250 - &0
30 - 70
70 - X0
o Friction $
E Friction s

F Frictton 5

G Friction 2

100- &0

J \Dynlmomot« 1 Normal

K . Dynamometsr 1 Normal

driving

L Oynsmomaetse 1 City
‘40.%

driving

few .

<l

None Q

Numerous

Few

Numerous

Few

<1 .

<1

<l

<1

<l

~15

<1

<$

None 9

<1

Some independent experiments done
at & brake Lning research labneatory!!
have shown that all of the magnesium
present in the chrysocile asbestos orig-
inally in the kining can be accounted foe
in the dmmpe-do- products. How
ever, the characteristic Xooay diffrac-
tion pattern of ehrymh ssbestos had
vanished. Thus, it is apparent that
undetr coaditions in which asbestos is
worn from the lining of a brake, the
asbestos is destroyed.

Cenciusion

Only & very small propoction of the
asbestos worn from brake linings is
released as iree fiber; the remainder is
coaverted into some other minersi as &
result of the extreme teaipecatures gea-
erated at small spots on the lining sur-
facs. Thus, although urben air con-
tains & few free fibers as & result of brake
lining wear, they represent a very small

s Wergrt estwited from fder valumae.

propoction of the total asbestos used in
manufscture of brakes. M any sources
of respirable fibers not associatad
with asbestos products have beeq identi-
fied,'* and free Sbers from brake lining
wear seem t0 be an inconsequeatial
bealth factor in urbea air pollution.
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