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Decomposition Products

A numbar of investigctors have found asbastos bodles in the lungs of urban residents who were not oc-

cupationally exposed to asbestes. A relationship between the carinogenic properties of asbestas and the

urban axcass of lung cancer has been suggested. The decompaostition products of broke linings have been

described as o possible source of these fibers. Broke testing laborafory methads were used fo test fiber

- emiselon from a vartety of friction produds:--Only © very small fractian. of the asbastos.ascoped -as. free.

fiber while the ramainder was transformed Into some other, nonfibrous, minercl. A significant release of free
fiber occuired only under conditions extrama enasgh to produce brake faflure.

Table I. Asbestos bodies In human lungs.

Locstion Year¢ Po‘.;?ilve
Cape Town (O 138 -
Miaml () 1965 F1)
Pittsburgh @) 1985 4
Johannegburg (8) 10868 39
Fintand (5) 1968 2
Montrent (6) 1965 48
San Francisoo (1) 1965 @

Tabla 11. Brake lning composition.

Truck

Ingrediant Automchlle
Acbestos 5 33
Resine and

(] 28 48
Oxides and
pigments g . 16
Metale 3 2
hrbono gop h“‘o
etc. 5 1
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‘The occarrenoe of costed Sbers re-
ferred to na “asbestos bodies” in the
luogs of wbun populations vot oc-
cupationally exposed to asbestos has
heen noted by several investigators.
The results of several autopay series, as
summasized by Coaper,® are shown in
Table 1.0 Thompsen, in suggesting

posaible modus of exposure that could

account, far these bodies, stated:

Tls average private motar vehicle weqrs
ouy ub::&osrfz':setsof broko linlngs and

vue or two chutch linings in its lifotimo, and
publio

commercial and kr rt vehloles
wear out many mora. ‘Thoso linings conalat

ty of asbeatos which 1s ground to duat
83 {he linings wear, and most wear ocgurs
fu bullt-up arean, 'his alonoln most citles
would Involve the dischergu uf many tons
of asheston duat and fbom in the streets
onch year,

Blnea asbestos has been implicated

asa ugoinogen‘ snd lung cancer has a

! amopg wban popula-
tions, the fute of the asbostos worn from
brake lnjngs becomes significant.

Brake Lining Compasition

The avernge com!
brakg liningz of the type tested i shown
in Teble II. Individuel mixes may vary
considerably from thess averages.

Each of these ingredionta performsa o
partioulsr funotion. The asbestua pro-
vides strength, beat resistance, and selec~
tiva dacomposition under stress. The
rasins and polymers hold the other in-
gredients togother, Various oxides are
added us pigmeats and to imprave the
grip of the lining on the drum. Soft

metals such as lsad and brass improve

wear while carbon and graphito serve

lavirnal of tha Afe PalliHan Fantral Agsociation
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podition of typical’

ss fristion modifiers. '
Braks lining quality depends to & large
extent on the type of binder used.
Linseed oil, whioh begina ta decarposs
at about 450°F, ia used for light sexviee
brakes. Mare demsnding service re-
quires brukes made from cashew type
resins or ofl modified phenoliv resins,
These ingredierits are mixed, elther dry -
or with a aglvent added, formad into
shaps, and- oured in sn oven.” The
hardened lining is then oul, grourd, and
eanded to the precice dfmensions of tho
finighod lnings. The dust produced by
the sbruding operations In asbestos
frigtion product f{actories (Figuro 1)
ocontains free asbestos fibers vhat are
similar to theso in industries whare can-
cer is known to be in uxcess.® The
qoestion to be resolved, therefare, ls
whether the dust produced by the
normal wear of brake linfngs containg
this same type of frea ashestos fiber.
Test Methods -
Iu an infual exploratory survey, the
dust obtained from inside autorachile
brake druma removed for braks rolining
wes examined by electron micrograph.
Figure 2, which is {ypical of the éeries,
daes not reveal any free fibers. Low-
ever, this finding did not eliminats the
possibility that free asbestas fibarg were
releasod and that thoy had escsped into

" the stmousphere. To examipe this by

pothesia o series of experiments wad

devised Lo permit sampling decoraposi- .

ticn products of the fining under simu-
lated operating conditlons. Tho testd
(Tebls IIT) were performed with the
brake testing machines in the laboratory
of 3 major brake Yining manufacturer.
Most of the tests wure performed v B
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FIgum L. Brake lining factory dust.

friotion-testing muohing which used
one-inch-squure gamplea of the test
lining. Heating aand cooling apporatus
permitted control of drum temperaturs
Srom those encountered with inter-

“ruitkent breke uss to the maximum

temporature which ocourred only in
extremely rapid or “panic” stops from
high spesd. Other tosts were performad
oo 8 brake-testing dynwmometor which
subjooted s complets brake assembly to
8 series of atops and starts from different
speeds and at differont decoleration
rates to simulate actual driviog con-
ditions. In thew lsts the drum tem-
peratures varled according to the driv-
ing condition simulated. During each
run at & test coadition, a sample wag
collected on an 0.8 » pore size membrane

Glter. Electron micrographs of thzss

filters ware exumined to determine the
presence of free asbestos fibers and to
yuantify these fibers when more than o
{ew ocourved.

Results

The object ol the tests was to deter-
mine what praportion of the asbestos
knowm tg bs present in the lining ap-
peared as free fiber in the decomposi-
tion product. No attemp{ was mads at
& ymass balancs betweun tho material
worn fram the lining and the decom-
position product dince It was not pos-

. gibls to colloot all of the decomposition
! product, However, the percentages

obtained ia the fraction of decomposi-
tion product examined are applicabls
to tho total materlal worn from ths
brake and may bo compared to the

tage of asbestos originally preseal.
In all but & few lests the automoblle
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Figura 2, Dustremoved from breke drum.

drum brake loings showed less than
1% free fiber in the UJecomposition
productas compared to about 50% in the
lining. Au electron micrograph of ths
decompasition product obtained from e
typical test in this group is shown in
Figure 3. In those tests whero o sig-
nificant mass of [(ree fiber was released
(Figure 4), the temperature was i an
extremsly high range for the lining in
question ax evidoncod by rapid drop in
ths coefficlaut of friction. Had these
Jinings been subjeocted to like conditiona
in & vehigle, tho brakes would have

Bimilar resulta were cbtzined In the
bus and truck drum breke tests und in
tha olutch test. The experimental mode!
disk brake lested did releass some
(>5%) [ree fibors, but no conclusion
st be drawn from u single sample,

" Discusslon .
Except in all but the most extrems

driving conditions, only a vary small
fraction of the 30 to 60%, asbestos pres-
ent ju & brake liniug esaapes into the
almosphere a3 fres fiber. The question
rgmains: What happenad to the as-
bestos? A prevalent theory of brake
oporation holds thut wear occurs not
by abrasion of the Jining by the drum
but by the produstion of minube arcas
of intense heat at the points of contact
between the drum and the Jining, De-
compasition, not only of the binder but
of the asbestos s wall, ocours at these
locations sinoe the breakdown tem-
poratyre of aabestos, about 000°F, is
excesded. Decomposition produots will
icclude not free asbestos fibers, but &
diffarent mineral veaulting from thermal
metamorphosis of asbestos.
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Figura 3. Pecompaaltion product from nor-

mal wear of brake lining,
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Table Ml. Test results by electron micrograph,
. ' Presence
Test No. of Coanditions of Frea frae
Product  8Brand  Method Samples of TestF  Fibars bert
1. Automobila A Friction 6 300 - 300 Few <1
drum
. brakes
2. Automoblle B Friction 8 270 800 None 0
drum
brakes
3. Aulomoblle C Friction B 300~ 708 Fow <1
drum
brakes
4 Automobile C Friction . 1 700900 Numerous ~10
drum
" brakes ’ ’
5. Automebite D Fricton - 300 - B0 Few <1
drum Franch
brakes .
6. Automoblie E Friction 5 300~ 700 Few a
drum
brakes
b Automobiic  F. Friction 8 800 - 800 ‘Few <1
drum German
brakes
8 Automobile @ Fricden 2 100 - 500 Few <1
drum
brakes .
9. Aytomoblle G Friction 1 600-700 Numerous ~15
drum
L. Avkmodla Mo Ficlon 2 100.600 Fow <
bmku
pr N Automobile J Dynamomater 1 Norma None 0
dutch driving . :
2 Automodile K Dynamometer 1 Normal Few <5 \
disk driving l
brake
15 Bys drum Dynamomseter 1 City Nane 0
brake driving
" Bux drum M Frigtion 2 450 - 550 None 0
brake
Truck drum Friction 0 300 - 800 Fow <1
brake
tightg
o Welght ostimated from fiber volume.

Some mdepmdwt experiments done  progortion of the totel achestos used in € k&enmb snd Thhﬂbonkl i Wo “Tu':
anbmhlinmgrwmhlabmtory“ mauufsoture of brakes. Many souroes Tungs of nndunmmhM tml.
have shown that all of the magnesium  of i fibers nat assoolated Osuonds. Med, Aewe. J., 953 1378
presant in the chrysotile asbestos orige  with products have been identi- 1980).
inally in the lining can be scsounted for  fied, '8 and froo fibers from brake lining 7 [3-"0'1 MW“&“"S&
in the decomposition products. How- . wuar seem to be aa - incongoquential ‘;glwd&s"""’ '
ever, the characteristic X-ray diffrao-  bealth factor in urban air pollntion. > Ao g g  Charg, 3, st Ham
tion'pattern of chrysotile achestos bad e orcen mond, 2. ¢ ezusm sad
vanished. '{‘::;, it is appszent that Y. Cooper, W. Os, “Asbestes as n-npla;l." dA;lA l:ﬂ Qood
under candf in which asbestos is d H o 9. Buell, P. snd Dunn, J. W"’
worn from the lining of & brake, the .'%um,dﬁ'#hamu Wmﬂlmpgm .
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Conciusion » modarn rban hasard,’” & Afr. Med lo.l'}ntu'l!na,l’ Eandxmdrlok.l‘ A

J. 872 77 (1963). e aor ol Y e

Only & very smn.ll praportion of the 3. Cauna, D., %R B, and Gmss. I{whh 15 181 (1067
asbestos worn from brake linings is w * in Buman lan 4 ¢ from
relsased s hee fiber; the yomainder is s ‘“” v "AMA 192: 87.1‘,1955& m:smw ond

\ .converted into same ¢lher minerul as a - hy:!nlnmmdeﬂ'm o Otr., personal commudwh"
" result of the extrems temperntures gen- - inmmnls."Ann.N Y. Acad. (1967).
ersted 8t smsll spots oo the liniag sur-  Sed, B4: 785 (19001 12 Crallay, L. 1., Keenan, R. G., Lyach
face. Thus, although urban air con- ks I mnhgdq“g I Joyud L ofx:girg'bie&u?'
tains & fow free fibers as & result of braks h casen,” Acs Path Micrebiol, bt 4 o A R TIRT
lining wear, they represent a very small Scand Suppl., 181: 107 (1u68). {1968).
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