PLAWIIFE'S BXANIN)

kn-1619 ¢

1 July, 1969

Mx J It Lynch

Depaxrtment of Hoalth, Rducation
and Wolfare

Pudblie Health Sexvieo

1014 Droadway

Cinoinnatd

Ohiov 45202

Doav My Lyuch,

Thank you for yovnx lattor of Jume 18,1969, and fox tho
vopy of ¥our Fapesy entiitled 'Brake Lining Decomporition

Yroduots’,

Tho last sontenco in wy aummarI of your oonolusions was -
takon fxrom the draft roport which you sont me in Junuaxry,
1968, but 1 see that your views have now ohanged,

X suggoat, therofoxe, that tho final paxt of wy rofcronco
 your woxk should road 8s followas: “"At lowex hulk

Un nf terporatures within tho noxmal opersting xango,

tho binder bohind the surfioe remains intaot, llowever,

tho spot tomporatnre at the folnt of oontaot detween tho
lining and tho drum may bo highor than tho docomposition
temporature of ashostos. The decomposition gfoduot
thereforo, inocludos not freo asbestos fihros dut & dltforont
minoral, resulting from thermal metamoxphosis,"

X hopo that this roforence to your work is now acocptadbloe
to yon and unless 1 hoax fxom yon to0 tho contraxy I will
pudblinh it in this foam,

Yours sinoexely,

N K Hiokish
Taduatxial fNyglene Syselalit

8850 1/163

8006 4200
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* under condttlons extreme enough to produce bra&e failure. .

' BRAKE_LINING DECOMPOSITION PRODUCTS

- * '. P V‘

.«  ABSTRACT

A number of investigatos heve found asbestos bodies 1n the lungs

-of urban residents uho were not occupatlonally exposed to asbestos. A

relationship between che carcinogenic properttes of asbestos and the urban

excess of lung cancer has been suggested The decomposition products of
brake linings have been described as a posslble souzce of these fibers.
Brake testing laboratory methods vere used to test fiber enission from

a variety of £r£ct£on products. Only a very small fractlon of the asbestos

escaped as free fiber ‘hile the remainder was transformed into. some. othcr.

non- Eibrous mineral. A signiflcant release of free fiber occurred only

AT
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" %+7F © | BRAKE LINING DECOMPOSITION PRODUCTS

-.i" R “ -{éremiah R. Lynch*

Introduction

- The-occurrence of coated fibets referred to as asbestos boﬂ;es“

- {n éhe lungs of urban pOpulations not occupationally exposgd Eo asbestos

has been noted by several lﬁvestigators. The results of several autopsy

.

ser{es, as summarfzed by Cooper, ‘are shown in Table 1. (1-6) Thomson £

-

in suggesting possible modes of exposure that could account for theSe

‘bodies, stated "The average private wotor vchicie wears out three or

"four sets of brake linings and‘bne or two clutch linings in 1:@ iifctime,

and commercial and public transpoft Vehiqles wear cut many wore. These

.linings consist largely of asb’stos which is ground to dust as the Iings

vear, and most wear occurs in built-up areas. Tuis alone in most ciLles

vould involve the discharge of many tons of asbestos-dust and fibers in

the streets each year.  Since ésbgstoa has beenlimplicaCed as a carcin-

~ogen(§)ana lung cancer has a-higﬁer 1pc£dence(9) among urban pOpulaﬁions,

the fate of the asbestos worn from brzke linings becomzs significclt.

*J. S. Department of Hexlth, Educafion,>and Welfare
Public Health Service
.Bureau of ‘Diseese Prevertion nnd Environmental Control

"“Natfonal Center for Urban and Industrial Health

Occupational Hzalth Program - o
1014 Broadway, Cincinnat{, Ohio 45202 . .

JHK0O7911



et

.. " Location

“Cape Town (2)

‘3ia§i'(zy

Pitetsburgh (3)
3ohanhesb§tg (4)
Finland (5)
Montreal . (6)

San'Francisco‘(l)

o,
'L Tablel :
. Asbestos Bodies {n_Human Lungs 'AN IR

Year - Z Posteive
1963 .26
‘1965 27
1965 41
‘1965 39
1966 s8

© 1966 48
1966 42

L ]
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. from these averages. . .

Brake Llniqg Composition - . L

. . . . - . e

The average composiciou of typical brake linlngs of the type

tested ts-shown fn Table 2, Individual utxes mnay yary-considgtahly :

: . Table 2. . . e

Brake Linins Composition

Ingredient ’ Automobfls Truck
Asbestos : 'S5 .33
Resins and Polyvmears : . - .28 . © 48
‘Ox{des and pigments : 9 : 16
. Metals ) . .3 . 2 .
Carbon, grarhite, etec. o 5 R 1 .
o 100% ) 100% :

E;ch of‘tgese ingr;dients performs a‘p;:gicuigf'funcflqn; The
asbestos ptovides streagth, heat resistaﬁce and seleccive decohpogltion
u&de: stress. The resins and polymBrs hold the other ingredients together.
Various oxides are added as pigments and to tmprovo the grip of the lining

on-the drua. Soft metals such as lead and brass {corove wear whtle ‘carbon

. .

and grabhite serve as friction modiffers,

. cashew typé resins or o[) mod'f!cd phenolic tesins

Brake lining quality depends to a large exteat on the type of binder
o OO -
used. . Linseed ofl, which begins ‘to- decompose at atout ASO F, is used for

light service btakes. More ‘demanding service requi es btakes made £ron

———
- e - - >
s .. .

(These ingredicnts are

mixed eithcr dry or with a solvent .dded forned nto-snape‘and cured .

a:za4a
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.any.ffee fibers. However. this findlng did not el‘miﬂate the possibillcv

.occurred only in extcawely rapld or. "panic“ stop, £ro: hxgh speed z‘} .

-4 -
1u'ah.oV;n. The hardened lining is then cut, ground and sanded to the
preclse dimenslons of the fin;shed lintngs. The dust produced by the
abrading opetations {n asbestos frictfon product Eactories (F(gu:e 1)

contains free asbestos fibers that are slmilat to Chosc in industtles

' where cancer §s known to be in excess (10). The question to be fesdlvedl

i
therefore, is vhe:het the dust produ:ed by the normal wear of brake

linings contains this samz type of free asbestos fibet.
Test Methods

In'anvinitlal ekyloratory survey.'tﬁe‘dust obt;tned from inside

automobile brake drums removed for brake relining was'examined:Sy electron

micrograph. Figure 2, which is typical of the series, does not reﬁeal

thac free asbestos fibers were released and that they had escaped fato
.the atmosphere. Io.examine this hypothesis a series of.experimencs Jas
devised ;o_pe:dit sampltﬁg decompqsition products 96 the.IIAing ugﬁ}f'
simulated opefailng cohditions. The tesis (Table 3) were pérformed ﬁith

——————— et

the, brakn tescino wachines in the lakoratory of a m;j-t btcke llnirg

~—

manufacturer. 'Most of the tests were performed on a frictiom-testing
m— . .

machine which used oneéinch-square sacples of the teschlining. Heating

" and cooling apparatus permftted conttél of'drum témperature from those

encountered wlth lntermittent brake use to the maxima: tempcratur- \hich

.. -
.« . PR NERTLE Ar_.-' .

Other tests werc perforned on a brake-tﬂstiﬂg dvnamorater whtch subJe“"d

@12341
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a compléte

speeds and

brake assembly to a.series of stops and ‘starts from différedt‘

at different dec?lgration rates to simulate actual driving -

conditions. In these tests ;ﬁe‘dtum{tgmpératures varied according to the

. .sample was

e griving condition simulated. During each rua at a test condftioa, a
'pollecged on an 0.8 u pore size membrane filter, Electron

- micrographs of these'fil%ers were exanmined to determine the presence

of fres asbestos fibers aad to guantify these fibers when more than a

few occurred, -
; . .

-
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’ « . . Table 3 “
" Test Results by E‘lectron'Htcrogrgph )
. . ) Test No. of Cond{tions Presence of % Free
‘Product Brand "~ Method Samples of Test-F Free Fibers = Fiter*
. 1. Automobile A Friction 6 300-800 .Few <I .
s drum brakes i ‘
2, " B Friction . 6 250-800 None 0
3. " c Friction 5 300-700  Few <1
4. c c Friction 1 700-900 . Numerous - 10
.S, A D "Friction S 300-800 Few <l
c French : c T " :
6. " E Friction s 300-700 Few <1
v 7.‘ . F Friction 5 300-800 Few <l
' Gernan 5 YL - .
8. “ ¢ Frictica 2. 100-500 Few RS
9. " c Frict{on 1 600700  Numerous = IS
10, a H Friction 2 100-6C0 Few <1
11, Aut-i:::obtle J Dynanometer 1 normz1l None 0
clutch ‘ driving : '
12. Auvtomobfia ’ K - Dyn.nmome::er 1 normal Few - - <5
. disk brake ’ . driving )
13. Bus drum L - Dynamometer 1 city None 0
breke ) i . driving’ :
14. M Friction 2 450-550 - HNone 0.
15. Truck drem © B Fricefon . 10 D 7300-800 - vFéw iy €17
" brake (light) S L e T P I AR - ) -
*Ueight cétma;ed from fiber volume. - o -
3 ° S H E
L ] -
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Results

release soae C>J7) free fibers, but no concluaion can be drawn ftcu

'single snmple. ..‘: “'}”f;f: - ‘;3"

R : i
© The object .of the tests was to determlne what ptoPortL;n of the
asbestos knoun to be present in the ltning appeared as ftee fiber in the
decompositiqn product.- No attezpt.vas made at a.mass balance between the
ﬁ;teriql uqrntftom'the lining tnq the decompoaition>étbduc; since 1§ was
not pdssible to cdlle;t all of'tdp.decompositfon product. Heowever, the
percentages obtained;in the ftaction o} decomposition pré&uct.exnmiﬁed
tte apéllchbic'to the total material wornm ft;m~the brake and may be
compared to the percentage of asbestos originally present. -

' In all but a few tests th- automobilc drum brake linings showed

less than 17 free. fiber {n the aeccmpositioq product as compared to about

SO7 in the 1£htqg; An elect€§§ :itrograph of the decomposition prodﬁ:t

obtained from a typical test in this gtoup i{s shown in Figure 3, 1In those

©  tests whcre’e significant mass of free fiber was relezsed (Figure 4), the

temperature was in an extremely high rarge for the lining {n question as
evidenced by rapid drop ‘n ‘the coefficient of friction. Had these linings

been tutjccted to like conditions in a vehicle, the brakes would:- have -

“fafled,

Si{milar results wvere abta-ned in the bus and truck drum brak: tests

and in the clutch test. The expe:imentcl model disk breke tested did

-

@ra54d
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Discuss {on
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-

Except in all but the most extrece driving conditioﬁ,s; onl‘y‘é
very smtill fraccién of the 30 to 50% aébestos' prcsent‘i{‘a brake li{ning 7

escapes into the atmosphere as free fiber. The question remalns- Hhét ’

- happened to the asbestos? A prevaIan theory of brake operation holds

- that wear occurs not by abrasion of! the ling by the dtx:: but by ‘the

I -

- production of minute areas of {ntense hest at the polnts of contact

‘between the drum and the lining. Decompcsltion, not only of the bind-r

but of the asbestce &S vell occurs at these locatlons slnce the break-

dovn - Cemperat:ure of asbe..tos~, abou; 900 F. is exceeded. The decowposltton

pfoducts wi1ll thus include not free asbestos fibers, but a diffcrent.

P . .

‘mineral resulf'ing from the therma) aetnmcrph'osisAof the asbestos. .

Some independeni: experiments- done at a brake linfng' Fesearch

laboratory( D have shown thzat all of the’ magnesium pteser.t in the
LIRS
chrysoclle asbastos orgir.ally in the lining can ba acco.mted for in the

decomposition products.’ However, the characteristic X-:ay diffra:tl:n

‘pattern of chrysotile asbestos had vanished, Thes, 1t is a:pparent- that

ender conditions in which esbestos is worn from the lining of a o.a\-e‘

the asbestos 1is’ destroyed

" Conclusion ) R ; . -

Only & very snall p:o;;c-ticn of th- asbestos worn f.rom‘brak’e

e . ,. < . PR PR

other mineral as 8 result of the’ e\tre:ne tempe'-atures banerated ac small

sppcs on Che lining surface. 'rhus, althoug‘h qrban_ air:conc‘ains a few

@ra2a4s

JWKO07918
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. free fibers as a result ofv'l;rakeilining wear, they represent a very -

Asmall ptc»portion of . the total asbestos used fn- :he manufacture of

brakes. uany sources of respttable f(bers not assoc‘a:ed vlth

asbestos products have bcen 1dencl£££ed (12) ang the free fibers

from’ brake lining wear appeat to be an 1nconsequexx:£a1 health factor

in urban afr pollution. o ..

e

YR
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Public Health Service - BSS

Asst. to Chief for Epidemiology and
Fleld Studies. DoH

Engineering Sectipn
Report on Brake Deéompdsitioanests

At the New- York Academy of Sciences Conrere?ce on the Bio-
logical Effects of Asbestos™ it was stated: "The average
private motor vehicle wears out three or four gets of brake
linings and one or two clutch linings in its lifetime, and:
commercial and public transport vehicles wear out many more.
These linings consist largely of -asbestos whlch 18 ground to
dust as the 1inings wear, and most wear occurs in built-up -
areas. This alone in most cities would involve the dlscharge
of many tons of asbestos dust and fibers in the streets each.:
year." This statement waa meant to explain, in part, the .
presence of "agbestos bodles" observed in the lungs of non<
occupationally exposed residents of Cape Town, South Africa,
and- Miami. Florida. B i

To investigate this possibility. a study of the mode of dis-
integration of brake shoes under simulated operating conditions
was undertaken by using test facilities made available by the.
American Brake Shoe Company laboratory at Mahwah, New Jersey. '
Tnese tests were made as part of the Division of Occupational
Health's overall epidemiological study of the asbestos
processing industry. .

Automobile brakes are composed ot from 30—50% asbestos (usu-
ally chrysotile) held together with various resins and con-
tanining such other ingredients as carbon, brass filings and
rubber. Theoretically, a brake wears by abrasion of the sur-
face by the drum and by thermal decomposition of the binder.
The question to be resolved was: What fraction, If any, of .
the asbestos is liberated as free fiber in the wearing process
undezggarioﬁs operatlng conditions. - 4

.~‘-4f' v

(1) Thoaaon, J. G.: Asbestoi and the Urban Dweller, Annals

- of the 2ew York Acad. of’ Science.'VlJZ. Art. 1 (196~ zlu).
. Dec. 19

_ o R R C 'f]i} o
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" Asst. to Chief for Ebidemiology

and Pileld Studlies, DOH -- 4/8/66

At the Mahwah laboratory a number' of brake testing dynamom-
eters were available which could simulate various operating
conditions. These machines were set to test a variety of
typical brakes and eir samples of the decomposition products
vere taken.on membrane filters. Electron micrographs were
made of the deposits thus collected and a number of fields
were scamned for the presence of fibers. Where gignificant
numbers of fibers were found an estimate of the fraction of
the decomposition product which was flber was made by sizing

all of the particles and flbers seen.
. tests are as follows:

.. NO e

.Decomposition of Brake Linings

Conditlon of

Presence

- The results of these.

Type of Brake % Piber
- Test of Fibers {masg)
1 Disk Brake Normal" driving Few <5
2  Bus Brake Cilty driving None (¢}
3 Automobile | 100-200 P drum Few ~0
L . ~ temperature .
y Automobile Brake 300-500 F drum L < 1
temperature :
5 . Automobile Brake 600-700 F drum Numerous 15
‘ . temperature
6  Automoblle Clutch Normal driving None 0
? Bus Brake | 450-550 F drum None' 0
. : temperature .
8 Automobile Brake 100-300 P drum KNone 0
' _ CoLe temperature o
- , ,
9  Afhtomobile Brake . L400-600 F drum Few ~a
_g;;,;‘ . ‘temperature .
10  Bus- Brake 450~550 P drum None 0
: temperature

*One clump of fibers still largely coated with binder and
having a roughly rectangular shape.

11251
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Asst. to Chief for _Epidemidlosy
and Pleld Studies, DOH -- 4/8/66

In only one case (Ne. 5) did the percentage of fiber approach
the percentage of asbestos in the brake and that was at a -
temperature of 600-700 P as compared with normal maximum
operating temperatures for automobile brakes in the range of
550-600 F. It appears that when the design temperature of a
brake 1s exceeded, the binder decomposes and releases part -
of the asbestos as free flber. .At lower operating tempera-
tures the asbestos worn off the lining remains encapsulated
in the binder and few free fibers occur. ‘Thus, although ’
urban alr would undoubtedly.contain a few-free asbestos .
fibers as a result of disintegrating brake shoes, they would
represent an extremely small percentage of the totdl asbestos
used in the manufacture of trakes. B ' B

-

Jeremiah R. Lynch

Senior Sanitary Engineer

Engineering Section-

Research and. Technical
Services Branch
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