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Thurssay, February 1C, 1972, at 9:30 AM

at the

institute Office, £-210 Route #4, Faramus, N.J. 07652
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|, H. Weaver, Chairman . Faybestos-ianhattan, Inc.
J. C. Henning ’ Firestone Tire & Aucber Co., orld
Sastos Division
4, 8. Reitze Jchns-tanville Corperation
M.G. Jacke (for W. Spurgeon) Sendix Cerperation
Bendix Research Laboratories
J.3. Graham . Carlisle Cerporation

Molded Materials Division

NOT PRESENT

£, H. Feierabend Abex Corperatien *
. Amer ican Brakeblok Division
QTHER§ FREST T ' R
?
€, %, Orislane . Friction Materials Standards Institute

The meeting was called to order by Mr, Heaver, Chairman, at 9:30 A.M.

MINUTES OF SREVICUS MEST ING

The Secretary read a summary of the minutes of the meeting held
September 15, 1971, These minutes had meen released, and 3 motion
for their accsptance was entertained.

Upon motion duly made, seconded and uranimously passed, il was

RESOLYED: to accept the minutes of the September 13, 1971 meeting
as distributed.

MEETING AT _DEPARTMENT OF LABCR. JANUARY 26, 1972

A brief review was read of the activities at tha Occupational

Safety and Health Administration (OSHA) session held in Washingteon

on January 26, 1972, WNr. Matt Swetonic of J-M attended this session, .
and the Secretary surmar ized what Nr. Swetonic had told him as
follows: OSHA previously had emphasized safety = now the emphasis

is on health = fivo.industnialwsubstanctsﬂlro»undorfattack (asbestos,
<ilica, lead, cotton dust and carbon monoxide). Our immadiate
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comcern 1S asoestcs. ASHA s suggesting voluntary sei=us 2

commitiees warxing with trade associatiens. |ngusiry resreseaniat;ves
. ndicated that coaperaticn chould be tased cn reascraczle s:;nc;réévv-
~1a oroposed stangard 18 5 finers/ce (OSRA 18 apparently c:nsg:gr.lg

recucing the stancard to 2 fivers/ce).

o .
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The proccsed s:andard By CSHA is now § fibers per c=. A fiber must
pave a 3/1 largth/diameter ratio, with the length § microns of
greater to be consicered 3 fibar, This size can be screened with
{he ootical microscsce. Se. Jacke noted that there were ctudies
concerning agbestics fipers in the less than 5 micron lamgth By

eleciron microscsEYe

The 3ritish Asbesics Regulations of 1963 were discussed. They nave
a concentration of less than 2 fibers/cc,(sampled over a 10 minuie
period) as being satisfactory, with allowances of 2 to 12 fimars/ce
(samoled cver 3 L hour cer iod) degending on hew much ihe samole
axceeds ihe 2 fivers/cc 1imit. See copy of Pages L=5 of Control &
Safety Guide g. At 12 fibers/cc, the plants could be shut down.

Far reference:

L
The Aehestcsis Research Council L
"isbestOS'Based-Friction water 1als ands -
Asbestos Reihfcrced Resinous Moulded Campounds, "
Control’and'SaféEY'Guidc #8.
~Environmenial“Ccﬁt?oI”tbmmittee}*Secretany ? PP
114 Park Street D=
Londcn,fEngland-W|Y-LA6.» :
sRTigH FAICTICN WATERIALS COUNCIL T
The Secretary advised that the gritish Council had submitted
comments to the [1linois Pollution Control Board and had indicated
(through Mr. Bed Gibson of Mintex and Mr. Harry Jones of Ferode at
the SAE January mesting) theif ‘nterest in being imformed on the
status of asbestos regulations in the U.S.
Upon motien duly made, seconded and ynanimousiy cassed, 1y was
RESCLVED: to inform the British Council of all regulations
known to the Friction Materials Stancarcs lnstitute
and to forward minutes of our meetings o the
British Council.
L1A1SON W\WﬁEmJ&QBMAT_'.OMSSQSJHM oF AQFTH MERICA (AIA/NA)

|{ was noted that Mr. Matt Swetonic, now with Johns=danville, will
pecome Execulive ecretary of the AIA/NA, 1t was - ecommenced that

ko FMS| maintain contact with the AlA/NA concerning any matters
act Wit . asbastos in the wark=place,etce
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B Mr. Weaver discussed scme of the bacxground far the sroscses 03-:
5%%3 Standardg for Zxoosure to Asbestos Dust. Frozosed rule rak nzs far
‘hese standarcs apceared in the Fecera| “egistar of lecemcer 7, 2:71
and_January 12, 1972. (Ccoies were disiriSutad By the |nstitite o

sy mail to memoers of the Asbestos Stucy Commitiee)

Mr. Heaver 1s the |ndusiry reoresentative on the Advisery Cocmmitiae
for Ashaestos Standards set up under the Cezuzatiomal Safely and
Mealth Act. He advised that while the praoscsed stancards are for

5 fibers/cc time weighted average airtcrne concentration of
asbesios dust, the cthers on the Adviscry Commitiee may push for

2 fiters/ce.

CSHA will aczarently enforce these ragulations and if excerience in
related safety erforcement is any criteria, fines or plant closings
may be used for enforcsment purpcses. .hile it is currently too

late to present writien corments, the hearings are to te held on
March 14, 1972 in nashingtoen. In order to be heard, a cerson must
file a notice of intention to agpear no later than March 3, 1972.

The notice must state name, address, agproximate time required for
presentation, and a statement must be included indicating the :r

¢+ position to be taken by the individual.

— The Chairman and Mr, Seitze indicated ihat these OSHA regulations were
now of prime impartance to manufacturers of asbestos brake linings

and cluteh facings, and the Secretary was directed to inform the
membership concerning the proposed stancards.

NV [RONVENT AL S3CTZZTICN &5ENCY (294)

The EPA's emohasis in their proposed emission standards for asbestss

- did not use numerical limits on airborne asoestos, but concentrated
on filters and collectors = coniral sractices: While these are
important to all manufacturers of asbestcs brake linings, they are
practices and standards which, at this fime, seem reasonable. The
OSHA Standards are the more immediate problem,

ENVIRONMENT AL PROTECT ION AGENCY = EMISSICNS Fa0M ASBE3TCS 2RAKE LININGS

Dr. Jacko advised that the Bendix Corporation's studies for the £PA
on emissions from brake linings may not be complete on schedule, and
that Bendix had requested a time extension on this work that would
move their final report back into the fall of 1972. Dr. Jacko
indicated that the maximum asbestos. [iber . in brake lining debris is

rmﬁg“gs"gff‘gﬁ'gat;xz.'
M&;&L&mw_ﬂa@s_oﬁmems ON THE HUMAN ORGANISM

Copies of a term paper by Miss Beth Krull ™Chemistry-Junior.at
MundeleinsCollége-in Chicago were -distributed to the membershipt °It
would appear that this paper may be an interesting source of medical

-3-
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bibl iegraphy concerning asbestos: (The pacer was forwarded to ithe
Institute by Mr. J. Gresnen, President of F.M.S.1.)

£~ SLENT TIR WEISLEING 21SECINE 453€8738 SONCEWTIATICNS

Mr. Reitze discussed ihe equipment nmecessary for measur ing asbestss
concantrations. The test is run with a vacuum pump sulling fiters
nto a filter which is then examined uncer optical micrescecy.

(Mr. Feitze discussed the equipment and procecures in more detail
{n an afternccn session)

Or, Jacko said that the sub=5 micron asbestos fiters were being
examired with electron microscapy. He felt that as far as airScrne
finers ware concerned, these sub=5 micron fibters might Ce targets
of the regulators in the future.

Mr. Graham 2sked whether there were any autoratic ecuizment for
measuring the asdestcs cancentrations - either in existence of
planred., |t was ctated that the EF4 had made a Recuest for Procesal
for design of equipment for automatic measurement, but apsarently
they recsived no resgonse. .

As of now, ootical microscagy with the memorane filter is the only «
recognized methoc.

ASRESTAS STLOY COMMITTES - FUTLRE CCLRSE

The mempers indicated that the Commitiee ehould exist for screening

and zassing on information to the members. They do net fae] n
Cormittee should be used as 3 venhicle to comment directly on
regulations propased by {he various Federal and State agencies.
Further, it is felt that individual company responses 10 CHA or
£P4 or others (such as |llincis Pollution Control Board) are

more effective, particularly those from the smaller manufaciurers.

Unless directed to prepare responses to,gcvernment agencies byifhe.
general memdership, the Committes will not assume this rasponsibility.
Some members felt that the npgbestos Study Committee would have tc
excand Beyond asbestos - such as inte silica, resinous Sy=procucts,
ete. As of now, the prime target is to be asbestos, but other
~aierials, if considered of importance to tha members, will be

studied.

Anothar suggestion was that the Committee consider a membersnip
survey on tne methods for disposing of brake lining grinding gust.

.- camd i tha
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. 2re M. Jacks regquesied t=at his rame be added {0 the Ag=esg:ae
b, (e e : : ; o - =
= Study Committee mailing list, in addition %o that of 2r, Scurgesn

't was suggested that ciher ranufacturers of trake linings, .
suiside the memcersnis, be agdvised of i{hese proposad starmcars=s -
CS=A.

Surmaries.of the afterncon's cresentation by Mr. Reitze wil] e
. distributad to the membarshp,

L 4 » * ) * & *

LUoon motion duly made, seconded and unanimously sassac, (% was
RZSCLVED: to adjourn.

Adjourred 3t 12:CC neon

£, W, Drislare

4 | Cxecutive Secretary
— cz: Commities VNembders
J. Greenen
E L. Stickles
= Sritish Cauneil
—— ATA/NA
=
— 3

*I‘
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- SECTION 1 -

TNTRODUCTION AND QRICE SUIUARY

The carysotile form of asbestos (s a major constituent ia uil=I-
tive srake linings and disc pads, and tn the frictian macerials uscu i
-l .rcnas. Thaese components are expendable. In tvpical passenger <o
scrviza, denm linings wear out (n about 40,000 miles, disc pads 1o an ot
33,000 =miles, and clutch facings {n acout 70,000 mi.lcs. There are, o
-surse, w:de variacions in the service lives of these components, il
depend on the nacture of che friction materials useu, on driver Raopits,
and eon driving conditions,

T.e expendable members of the common aucomotive friceion coupius

samzain ne: onlv ashestos, but also various organic and incrganic fric-
..2n and nragarty mocdifiers., These conscituents are bound together =y
ahanolis resins. fecause of thelr high content of organic substances,
suen fricsion materials are classified as “"organic.' Asbescos-free

s -z:ar mazerials =it 3 high content of metallic substances 3re class:i-
‘.ec as “sami-metallic.” Over 99 percenc of tne automative frictiun =u-
seria.5 used tsdav are wurganics.

+he mecihanisos Lv which arzanic friction maceri; ls wear can e

classified under five neadings: <thermal, abrasive, 3. "esive, macresaear,
omd fat.zue. Thermal, abrasive, and adhesive wear are considered tn e
-~a mgos: .mporzant mechanisms, thnarmal wear predominating ahowve 452°r,
j=ras..e and Jdchesive wear predeminating below 430°F (the temperaiur?
Leing measured by a thermocour.e in the raocor, about 0.050 inch f{rom

cae s.iiing interface). The organic conscicuents svrolvze or oxicize,
1~¢ are emizced t¢ the air as carbonaceous solid particles or gasaecus
saactian oroduccs. The asbestos fibers are pulverized inco small parci-
c.es wnich are trapped in cthe brake (or clutch) housing, or fall to :tle
r3ad, or are emitted to the air, Disc brakes do not trap as much as
scrum brakes. 'lost of the asbestos is heated Lo temperatures ligh encugn

5 cause chemical conversion, and is cherefore trapped or emicced as
sliviae or forstorite particles.

\\hen the lacrge number of existing cars and trucks is considered,
cach with eight ot more pieces of friccion material {n the brake syscen,
slus more in the cluteh mechanism, it necomes apparent that an air pollu-
tion problem may exist. Considered in another light, there are perhacs
sne billion pieces of friction material in vehicles in the Uniced States,
gradually being pyrolvzed and ground co dust. The brake syscems in Che
senicles utilizing chese fricclon macerials can thus bde considered as
chemical reactors, each emicting organic .nd lnorganic compounds, incluce
1ag asbesces and {ts decomposition products, O the Jimosphere, The com=
sositicns of the gaseous and solid emissions have not been well known,
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Jud z=m@ osarticle sizes and snapes of the solid emissicons nave ncxy ceen
<a.i—=nown. 3ecause of the possidble damage which Ihese amissicns :an
srsduce in human respiracory systems, 1T (s desirable 2o tdenmzify arnc
guanttfy them, with narticular regard to asbestos. That (s the purjese
:f tnme program described {n this report.

The amount of asbestos emitted (s a function of many variadlas:
the number of vehicles oa the road,
the nunber of miles driven per year by each,
veliicle size,
the nurber of vehicles using manual clutches,

cendiztons of driving (ecity, expressway, mountain;
deiver habics, ete.),

brake systam cdasign, and
“rake cype (drum or disc),

rotor condicticon (surface roughness, scoring, cracking,
gitzing, etc.),

voter design (e.g., solid or ventilaced discs, finnes
drums, etc.),

rotor zetallurgy (cast i{ron or aluminum;,
volume percent of . asbescos {n the friction macerial, and

inharent wear raesistance of the friccion macarial.

in :nis proeram a passenger car of medium weight (test weight: <800
souncs), procduced in high vo.ume, was useq. I[f was equipped with a
m3nudi tranemission and cluctch, ventilaced cast iron disc brakes on :the
Jrsne, @nd standard cast {ron drum brakes on the rear.

A ‘passenger car was selected for testing because of the follcving
{acters:

(l) wvehicle braxing cannot be simulaced realiscically »n
smallescale fricrion test-machines with the present
stace of the are;

(2) full-scale brake and clutch dynamometers provide fa‘-ly
good simuiacion, and can be used for checking out the
emissions collection sysctem; separate tests for brakes
and clutches would be required, howaver, thus {(ncreasiny
program costs, wvhereas on the vehicle, disc and drum
brakes and clutches can be tested simultaneously;

(3Y air flow in the dynamomecers differs from that in vehicles,
and emissions from drum brakes will therefore be different
in the two cases.

12
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Three series of tesis were run, using felgliIn m3lérials s -
RTINS
O N < imulacisn Fricticn .
. S S Y Lot , Lemaras
Tnt latertals BT OAS
. Uriginal OEM' Disc Front Class A organiz z:s2 o
Equipment
qus? UEM Drum Rear
2 Parcial AM? Disc Front No metallic chips;
Reline . .
Used OC!! Drum- Discs and drums ~2:
Rears tucrned
) ' Full AM Dise¢ Front Disc pads and secsncar.es
Reline AM Drum Rear contain bBrass <SS

Uiscs an~ ¢rums ..rnog

This selecticn has sever.d: features., Lt provides a repligazic: ot one

test, zhus giving an e¢stimatc of repeatabilizy. It includes o cramaey!
sacondary combination tndl serves hoth OLM and afcermarkets. .: tae ludes
sae compinazicn (two materials) of widely used OEM materials. I: ingiluces

cne combimation (two matarials) from one of the larger afrermarke: sJo-
sliers. It i{necludes a set of used lintngs (abous 3,000 miles) 2 rive
data on the emissions at various stages of lining life. [t incluces w3
sifferent disc pad materials from two of the larger afcermarxet sups..e’s.
Five diffarent manufaciurers were represenced in the friczicn mater:a.
se.ections.

The collecticn of particulate and gaseous .missions from anv wven:il.w
cion couple has never before, to the authors' knowledge, neen repcrics
{~ tne literature. To define the excent of these emissions, 3 camainaiisn
separatior and storage collection system wiJ devised. Lnigue em:ssians
callectors for boch disc and drum brakes, and for a cluctcn, were conceivie,
4asigned, and built as the main embodiment of this imstrumencatisn. .ne
eslleczors separated the wear debris into three different fraccicns: 4
sump sample which {ncluded che wear dedbris on the lining surfaces, n .ne
rivet holes, and on the brake drum: a surfaces sample wihich incluced
the wear debris on the orake and collector shroud surfaces; and an airhorne
sample collected on membrane filcers.

Sms
SRS

v i

The vehicle was equipped with scandard brake test i{nstrument3tion.
A front disc brake collector and a rear drum brake colleczor were itnstallec
cn the tight side of the venicle. The clutch was sealed by closing tne

‘0E!l - Original Equipment Manufacturers
‘AM - aftermarket
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- «vs. aeear debris was also taken from the left brakes; Che a=zunis

zs casing. The left wheel Srakes were lefl in thelr =or-=3
s12i0m and were used £o monitor the operation of the snara.cas

ourow {otiectied and fts compesizion were used o demonst. ate tra: 1-@
- av amoacing did not significantly affect the operation of the sracex
.33ivns collectors,

P A G

L, thouwh there are many accepctable original equipment manulis.t.rsrs

eiw ums triction material tests for measuring a specific coilezz.zcn
_e=:natscn of callecti~ns, no one test adequately matcnes drivi-y
s tiuns wbich would he representative of all vehicles. Consequent..,

-
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LeC .t Nev@sadfy to devise 3 ratisnal and meaningful vehicle cesc. &
taral of seven schedules were chosen and each wvas followed by a measutr=2-
nents procedure (take emissicns samples, mesasure wear, {nspect systams,
:nd replace worn parcs). The firsc chree schedules - Burnish, After
uuraisn (A.B.) Baseline, and Detroit Traffic - Represenced low-cemperature
:asting. The final four schedules - 10-Scap Fade, Afcer Fade (A.F.) 3ase-

i.ne,

13=-5
19-usive t

The mileage accumulations for each schedule of each vehicle test
fipd zhe possible test mileage reproducidility. A critical component g
we frantc dlsc brake colleccor was 3 unique rotating seal. For :ne
milas cf testing, only eight rctating seals vere required = an ex-
ismal i1mprovement over the.anticipaced need at the start of (he

s |

¥ vy (D v
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ram.
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top Fade, and Final Baseli-2» - represencted high-temperature and
ascing.

-

Prior to vehicle test 1, a 3urnish schedule was performed and ihe
temseratures for che right front cisc srake werr found to be near 0o*r.

-~e Lamnerature difference, .T, between che rignt and lefrc fronc brakes

ranges from 200 te 250°F. This was unacceptable., The .dditioen of severa.
thermal control aids reduced the AT to a range of 115 to 160°F. Mosgt impoTi-
an- was the reduction of che right front brake operating temperacure frsm
a3au: L00°F to about JOO°F. The brake shrouding did not present any pro-
wlems cn hot days. During the Detroit Traffic Test, the AT between tne

‘ron: brakes remained between 100 and 140°F vhile thar for the rear srum

srake rcmained becween 10 and JO°F.

The range of asbestos content in the brake emissions for vehicle
cascs | and 2 went from a high of 1.65 percent to 3 low of 0.03 percent
for the 90 analyses; only cthree were above 1.00 percent. The overall
average for vehicle test | vas 0.40 percent and for vehicle test 2 was

0.25 percent,

For vehicla test 3, the range of asbestos content was

irom a high of 0,51 percent to a low of 0.00) percent. The overall aver-
age was 0,07 perceac. In this work, all values for heavy=-duty (abusive)
braking-were less than one parcent, which s significantly less cthan the
15 percent asbestcs content reported by Lynch of the U.S, Public Healin

Service,

To provide s systematic, independent check on the asbestos analyses,
the EPA Project Officer arranged a second contract for Battelle Columbus
'aboratories to analyze twenty-four samples generated by Bendix Researcen



“asorazacies, Sohns-Manville also provided three analyses. The Jonnas-
wiavi..e and Baccelle data agreed very well. In 19 of the 24 araiyses,
-~e 3ensix—resultcs were slightly higher than the corresponcing zatiel..e
cesulcs. The Bendix average was 0.25 percent, while cthe 3actctelie aver-
ase was J.17 perceac, or 68 percent of the Bendix average. The 8en::ix
4. -3 were expected to be higher for the following reasons: all f:ders
fauns were assumed to be cylinders of projected diamecer and lengtn, 3-2
a fiser w.th an ellipctical cross section was accually sraller in voiurms
rman resarted; and all fibers vere assumed tn Le pure asbescos, {par-..
cegraced asoestos or olivine fibers were mechanically reduced :: nc--
f.Srous material by the other analyt.cal techniques, 0 Jnly tne sur

asocesces fibrils chac rematned were counted).

Analysis of the gaseous emissions was made difficulc By the lur.w
ssancities of wacer and carden dloxide which by-passed the gas conuit:.n-
.mg trdp and enctered through the rotacing seals. Most samples snowec
traces of C, to C3 hydrocarbons only as lover concentrat'.ons of higher
-olecular weignt gases cculd not e detected. When the gases wvere <2..-
centrac..d from the fade ctests, C4 to Cg compounds such as butanes, oen=-
zene, zcluene, phenol, and cresols vere decected in the gas traps. ‘he
corresponding shroud extracts shoved Cjp to C3jg macerials, tneluding
cardanol. '

Ts cempare the gereration of asbescos emissions properly, it <:=
isund necessary to calculate the emissicns faczors for each sample (=
a.crograms/mile (vg/mile). These values were obtained by mulciplying
.me weignt of generated brake dedris by the «ppropriace asdestids percen:,
‘3llowed by dividing by the miles per test schedule, Thus, either a
~.gn asoestos content or a large sample gave a high factor.

Te following observations werc made:

® Asbes.os emissions were higher for new friction surfaces
and decreased with use,

¢ Tlaitially the drum brake produced more asbastos emissiocns Inan
che disc brake. The difference decressed as the matecials
continued to be used. .

e Heavy (abusive) duty did not necessarily give a higher percent
asbestos, however, the large amount of debris produced gave
a significant rise {n asbestos emissions.

e The order of decreasing asbestos emissions from brakes was
found to be:

Fade or heavy-duty stops

asbestos
emigsions

Decreasad
Burnish l

Moderate braking



o Fomche disc pads only, there way an {ncrease (n asses::
emissions with increased asbestos concent (s zne friz:iza
macerial (cthere was no such trend for cthe drum orake
materials).

o Boczh the front disc pads and the drum linings of vehic.e
test 3 had wear comparable o that of the other tuo vericle
tests, yet the asbestcs emissions were significantly lsver,
8sch pads and linings concained brass cnips which mav nave
Been 1n parc responsible for the more zomplece :cnvers:z-
of the asbestos {(n the bdrake emissions, possibly because
of better heat trinsfer to the asbestos.

¢ Tor both disc and drum brakes, the su-faces sanple was
the largest of the three (~92 percent), the sump sam,.e
vas next (%7 percent), and Lhe sirdborne sample was tne
smallest (1 percent),

Two series of weighting factors vere developed. The distrisuz:an
weighting factors were calculated from the matarial recoveries in the
shrouded and unshrouded brakes as indicated earlier. Estimates wers made
for both dise and drum brices from the tesc vehicle for the amouncs of .
the different samples distribuzed from the brakes. These estimates wvere .g
made for che Burnish schedule, for the end of a complete venicle cesc,
and far the end of all cthree vehicle tests. For the drum brake, esz:mazas
were made up to 40,000 miles. The severity weighting factors were .al-
culaced from the percentage~ of different braking modes: for new versus
burnished friction mazerials, for severe (or abusive) versus moderace
Sraking, and for the reneval of friction surfaces (A.F. Baseline).

The total asbestos emissions estinacte for the test vehicle was
calculated from the asbestos emissions factors and the severity weighzin;
faccors., The average asbestos enissions factor for the disc brakes, crus
brakes, and clutch vere used along with the Burnish (new surfaces), A. &,
Saseline (surface preparatiocn), Detroit Traffic (moderate >raking), l0-
Stop Fade (severe braking) and A. F, Baseline (surface raceval) weighting
factors., The value obtained for the test vehicle was 28.51 ug/mile.

The face of the asbestos emissions was calculated vith the use of
the discribucion weighring factors as follows:

Road Drop-out 81.92
Alrborne: 3.72

Brake Reteantion: 14,42

The annusl total asbestos emissions estimate for 96,400,000 pass-
enger vehicles travelling an average of 9,978 miles par year wvas found
to be 60,400 pounds, distribuced as follows:

Rosd Drop-out: 49,470 1lbds
Alrbommne: 2,230 1lbs
Brake Retestion: 8,700 1lbs

60,400 1lbs
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“he a~nual total asbestos enissions estimates |
mcaium tTuCKS (and Duses), and feavy trucks were foun

—

-
g 3 Sa:

Light trucks 12,300 l:s
Madium trulks

(and »uses) 14,300 lbs
Heavy Crucks 22,900 s

81,500 lss
- . distrisution of che zotal asdescos emissions estimate for Crtu.a-
\3..ou.ated to be as follows:
Road Drop-Quc: 87.9%
Ailrtzorne: 2.9%
3raxe Recention: 9.2%

~he estimated asbertos emissions for all vehicles in pounis vuar
is sumrarized as fcollows:

Toral Asbescos Discribucion (ibs)

Emissions (il5s) Drop=OQut Alrzerme Resentiwn

Passanger Cars 60,400 49,470 2,230 5,7
Lignz Trucks 32,300 28,420 540 RN
Magius Truchs (and

3.ses) 16,300 14,330 ¢70 p
igavy-LTuikS 32,900 28,920 930 B
“tiscellaneous

(mztorcveles,

crailers,; ece.) 16,300 14,330 470 T

158,200 135,470 5,060 VLT

Distribucion by

percent: . 85.62 3.2% |

These escimates are considered to be maxinum values
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At the cime of writing of cthis report, there Jers inrec
,mown works which had been compleced or were in progress. The amsun:
of srake w&ar dedbris and {zs composition vers determined on 4 L. <
.mertial dynamometer using a duo~servo drum brake in 1968=63. (272 Tma
sarerminatica of the amount of asbestos in airborme brake cebris samp las
dsenwing of 3 disc brake {nstalied on an inertial dynamometer wis i
;:eg:ess.(2'3) The determinaticn of asbestos continc in airborne "rake
Gesr.s sampled downwind of vehicle-mounced disc and drum srakes vas 3.39
ia ptog:ess.(z"")
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2.3.1 Cr.ergv Abscrsiion by Friction Macerials

2.3.0.1 Brakes

During a stop, the automobile brake conver:s the kinetic
energy of the moving vehic.e Lncto heat, absorbs the heat, and graduadi.v
diss.pates it to che acmospnere, The sliding friction couple in the
yeake consiscs of a casc-iron rotor {drum or disc) and a scatcr on wihizn
ig mounced a frictieon =aterial or lining consiscing of asbest"s finer,
arsnarsy =caifiers, and an organic resin binder. Lining is cou.sicerec ¢
exnendazle. Over a long period of time and many miles of service, mu2® i
L7 it is ccnverted to dust ang gases. Smaller amounts of che rotor are
ilso convertad to wear debris. Parciculate debris is partial.y recained
and sarziaily emicced from tne vehicle in normal service.

2.2.1.2 Clutches

The ‘‘manual’’ automobile cluteh transfers the kinet:.:
ererzy of che engines rotating crankshaft smoochly to the transalssio
ane wheels. Any slippage rasults in generation of heat, which LS du-
ssrsed and evantually dissipated to the acmosphere by the cluteh,  Thues
z=¢c cluteh is basically a dry-running static friction cuuple (which
slides momentarily during gear shifcs). The macing materials are WSuaLan
cisc-iron or steel and a friction material or lining which is frequenz.v
organic-bound. Organic-bound friction macerials consisct of asbestcs
{ibyer reinforcement, pruperty modi fiers, and an organic resin binder.
The compesitien is qualitacively similar to chat of brake linings.
Clucch linings are also sxpendable, grodually wearing away in use, The
wear debris can escape from manual clutches. Wear debris from friction
materials in automatic transmissions {s recained almest complecely i~

rhe cransmission £ludd.
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3.3.2 Cocpesitions cf Friction ‘laterials

2.3.2.1™ Ceneralized Classiflcacions

. rable 2-1gives typical compositions cf drum liaing, 3:ist
sad, =~ 5) and cluten fact ng friction materials. The foundazion, =r =a:ar
23n s: tuent, of practically all organtc friction materials s asces::zs

iser ishaestos L8 chosen sSecause of Lts thermal sctabilicy, its re.dzive.

-

nign friction level, and its reinforzing propercies. Since asbescas alone
daes not offer all of the desired friction properties, ocher macerials
called friction modifiers are added. Ifodifiers are varied in type and
-sazent to provide desired levels of effectiveness, vear, fade, rezzvery,
and noise. A resin binder (s alsc added to hold the other maceriacs
together with adequace strengti.,

2.3.2.2 Asbestcs

The asbestos usually used {n friction macerials
sotila from Quebec or Verzmont. Chrysotile, the principal minera
sarpencine group, has the appraximate composicion formula

—
(o]

Y] ; M. 7S B
gB(SLZOS)(OH)L or iMg0 ZS:.O2 ZHZO

Tasle 2-1 - Composicisn of Typical Automotive Friction Materia.s
(Volume Percent)
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transmissten vehicles., Phenolic-bound brake lining composizicas zo0m:a:--
{ng sbesgcs serve as one of the best classes of lowecost expencasie
mezbers of the friction couple for all-around performance. At L erergs
absorption races, the cemperature of che friction macerial, agpr-oximaze.s
40 mils from the {ncerface, may rise co 3Q0°F; the interfacs {:sel! :.s
hotter, !lcst of the heat is removed from the interfaze by convez:ion

and zanduczion.(2=10) At high energy absorption rates, heat is generaze:
faster rhan it can be dissipated and the temperature at the si:d.ng 1nzte:-
face reaches a point where chemical reactions ocsur raptdly. 3S.riace
temperatures up to L600°F have been ocbserved or calculated; the sresenze
of olivine Ltn the wear debris confirms chat such temperatures n3.e zeen
reacned.

2.3.3.2 -Physical and Chemical Changes in Linings During Lse

Figure 2-4 fllustrates the heterogenous nature cf a
cypical friction macerial composed of the following {ngredients: phensl::
binder (30 volume percenc), asbestos fiber (55 volume percent), and casnow
friccion modifier (15 volume percent),

As a result of the energy conversion at the stazsc-reise
{acerface, tha composition of the brake lining surface is alzereg., A:
low service temperatures, the phenolic resin and organic fricticn moai-

fier convert, on the surface, co compositions with slightly higher cars
oxygen ratios. At somewhat higher usa temperatures, the resin and or-
ganic friccion modifier convert to carbon more readily, and this in turn
oxidizes to carbon dioxide. Ac the same time, the asbesctos wear. aJay

zore rapidly because of the reduced binder strengzh and volume az :he
surface. Figure 2-5 {s a photomicrograph of typical wear debris cclleztal
from 3endix Research Laboratories' dynamomecer, oparated at 600°F. asses::s
fibers are prevalent in several of the vear debris ,drticles., Figure 2-3

is a phocegraph of the improved wear dabris collector designed anc built
for friccion and wear research.(2=11) Az scill higher temperatures, che

or no reinforeing value. Figure 2-7 shows the fricticnal-heac-affactec
laver of lining which had experienced more than 10 successive scops {rcm
100 mph without sufficient cooling between stops.(2=12) (A large piece
of macterial Ls about to separate from this sliding interface - an examp.
of macroshear vear, described later.) :

tthen heat i{s genaraced at the sliding incerface sevveen
stacor and rotor such faster than it can be dissipated, the temperacure
rises and may reach a point whers the lining or pad compenents deccmpose,
oxidize, or mslt. The scator material then vears rapidly and the fric-
tion coefficient, u, may decrease. This {s fade. Fade has been accri-
buted by scme to svolution of gas at the sliding interface; on heating,
the gas expands and exarts ¢,:orcn on the lining or pad, tending to
push it svay from the rotor. =13)  Fade can genarally be ascribed o :he
formaction of a gaseous, a liquid, or a low-friction so.id phase ac che
incerface, or to some combination of thess phencmena. Figure 2-3




Figure 2-6 = Close-up View of Bendix Drag Dynamometer Shoving
\ear Cebris Collector

Sliding
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Figure 2=7 = Photomicrograph of Cross Section of Friczion Material
Test Specimen Aftar More Than 10 Successive Stops from
100 mph on Bendix FulleBrake Dynamomecter
{
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summarizes the physical and cnemical changes which tcke piace in tre
fpiacion matarial as the temperacure rises,(2=14) Figure 2-9 summari:zes
the physical and chemical changes which take place in the cast-iran roee
as the temperature rises.

5 3.4 Brake Linine Wear 'lechanisms and Generaticn of Imissizsns

-t

2.3.4.1 voes of Wear Mechanisms

Cmissions are generated by wvear. To the ccnsumer, ~ear
ie an econcmic consideracion. Ts the eavironmentalisc, these emissicns
are subscances to be characcerized and, L{f harmful, to be eliminaced.

From the basic friction material engineering standpoing,
wear resistance is tnversely relaced to friction level and other desir-
able performance characceristics, Linings wicth faster wear rate and
more frequent surface rencwal generallv have greater friccional sca-
silizy. nils circumstance is used to advantage in the development of
srimary-type linings frr duo-servo brakes, where, because of design,
tne scabilicy of frictional properties ts of greater significance 0
brake perfsrmance than is vear resiscance; use of primary linings witch
too much wear resiscance results in poor face resistance, less fric-
tional scadbilicy, and generally poor overall pericrmance.

Except in the case of primacsy liniugs, however, one of
the formulator's objectives must be to achieve the highesc possible
level 0f wear resisctance. Cqntrary to the opinion af some, maximum
l1ife does not require a friccion material of maximum physical hardness.
Wwhat is desirable is a miniaum wear rate {n normal low-temperature use,
a moderataly increased rate at elevated temperatures, and a return €9
the original lov-temperature wear rates after being subjected to ele-
vated temperatuyres.

Tozal emissions generation may be defined as the sum tota
of zhe losses assoctlaced with five basic types of vear.( -13)

e abrasive wear, )
® cthermal vaar,
o asdhesive wear,
e fatigue wear, and
® macroshsar Vear
As shown in Tabls 2-2, there are several possible mechanisms for each
type of wear,
2.3.4.1.1 Thermal Wear

Thermal wear encompasses & gToup of physical and chemi-
cal resctions ia the course of which interatomic bonds are broken by Cther=
mal energy. TIhese reactions include pyrolysis (thermal decomposition),

- —— - —



Table 2=2 - Wear Mechanisms in Fricilion Matertals

THERMAL WEAR ADHESIVE WEAR
PYROLYSILS ORGANIC MATERIAL ADHESION
OXIDATION BINDER
THERMOPART ICULATION FRICTION DUST
MELTING RUBBER
EVADORATION INGRGANIC MATERIAL ADHESION
SUBLIMATION METAL PARTICLES
EXPLOS ION ICE
ABRAS IVE WEAR FATIGUE WEAR
TWO-BODY THERMAL
ASPERITIES CYCLING
SCORING SHOCK
CRACK EDGES MCHANICAL
PIT EDGES REPEATED BRAKINC
THREE-B0DY * DRUMS OUT OF ROUND
WEAR DEBRIS DISCs OUT OF PAPALLEL
ROAD DUST
MACRO-SHEAR WEAR
ACROSS THE PAD :
AT CORNERS AND EDGES 2
THROUGH HEAT-AFFECTED LAYERS | &

oxidation, thermoparticulation, explosion, melting, evaporation, and
stblimation. Their rates increass exponentially with cemperature, and
{n extrems casas thay result in fade.

Pyrolysis probably occurs predominancly ac the centars
of linings and pads and to a lesser extent at the corners and edges.
Oxidation, on the other hand, probably predominates at the corners and
edges and is less severs ac the cencer. Explosive reactions occur
under highly sbusive braking conditions, vhere the rate of heat i{nput
{s so high that solids are converted to gases vell beneath the surface;
because these gases are greater in volume than the solids they displace,
they creats & pressurs that ruptures the lining in an explosive manner.
Four such reactions are represenced in Figure 2-10.

It might be chought that rapid thermal wear ocsurs only
ac high soak temperatures.® In fact, however, thermal vear probubdly

.Soak tezperatures are temperatures osasured during dynamometer or vehicui:
testing, using a thermocouple located in the friction material cr in the
rotor, generally st a discance of 20 to 50 mils from the sliding interiuce.



FRICTTON
MATERIAL

SURFACE BRASS
/hm
.
‘< - » “\\ i v 4
7

A g", / 7 / "// Z ~% /
7 @
Z / ////HICTION MA{/R’I,A’LI ///

CaCO4 (8} =Ca0 131 + €Oy (9} *

CASHEW OUST () =CO, (g) + M50 (g) * € ()

ASBESTOS = H30 (g} + OLIVINE (3] + ASBESTOS FIBRILS (3}~ (S): SOLIO
PHENOLIC RESIN =CO, (gl < H0 g e C B iGl: GAS

FRICTIONAL HEAT

AN

7

.

7

N

~

OO0

*THE BRASS CHIP CONDUCTS HEAT RAPIOLY INTO
THE FRICTION-MATERIAL SURFACE.

Flgure 2-10 - Mechanism of Explosive Thermal Wear

cccurs at appreciable rates at low scak temperatures as well. It has
seen shown that the materials in a sliding frictien couple contact each
other at the tops of asperities on ctheir surfaces. There (s consider-
anle evidence to indicate that t.e temperature increise ac these asneri-
ties for low sliding spewds is represented by the ejuation 2-16, 2-17)

T - Ta - (guvv/AaJ)[l/(k1 + kz)J

where
T is the "flash” temparature
T° {s the soak temperature

{s the accelevation due to gravity

. is cha coefficient of friction
v is the sliding velocity

v is the load on the asperity



a is the radius of cthe asperity junction

i is the machanical equivalent of heat
x. is the cherzal conductivicy of the dise
k., L3 the thermal conductivity of the slider

“odifications of chis equation have also been developed for high slidirg
speeds., CIxperimants indicate that the flash temperature zay be as high
-s 14067 (740°C) Lf the soak temperature i{s 650°F (343°C). This flasn
temperazure (s high enough tc cause rapid localized pyrolysis of che
crganic compounds used in friction materials, as well as conversion o:
fibrous asbescos to powdery olivine and transformacion of peariite ¢
marcensic2 in the cast-iron mating surfacs.

2.3.4.1.2 Abrasive Wear

. Aorasive wear {s of two types: Ccwo-body wear (F.g-
ura Jeii) and three-body wear (Figura 2-12). Plowing by asperities on
:ne rozer surface and plowing by edges in rough-machined, scored, cracxad,
or corraced (pitted) rocors are examples of two=body wear. GCrinding Lw
wear desris and by foreign particles such as sand, clay, oud, or sal:
1 the siiding incerface is three-=body wear,

Abrasive wear would oe expected to increase with tame
perature. [t increases also with the braring load and with the concen-
tration, size, and hardness of foreign particles., It may be accompanied
sy negative fade. N

Figure 2-1] {s a Bendix scanning electron photomicra~
grash of a dynamometer-tested friction macterial showing the abrasive .cav
-e3cks an tne surface. Several adherent wear debris parcticles are
simiilar ins size to the vear track widehs.

2.3.4.1.3 Adhesive Wear

Adhesive wear, i{llustrated in Figure 2-1l¢, invclve: the
adhesion of organic and/or inorganic materials to che roor and the sub-
saquen. tearing or separation of these materials from the lining or pad.

Ocganic constituents of friction materials include the
binder, friction modifiers and elastomeric compounds. Inorganic consti-
suents include tinec powder, brass chips, and asbesteos. Little is known
about the tendency of these materials to adhers to the cast iron used
in today's drums and discs, though experience with hot elastomeric com-
pounds suggests that elastooers are very likely to stick. Experimencs
ac Bendix Research Laboratories indicate that brass chips will alloy
with cartain nonferrous rotor :llays.(z‘la) wWhen this occurs, mecal
.s ctransferred froam the rotor to the lining, scoiring the surface of the
-sgor and tn curn ‘subjecting the lining to a high race of two-body abra-

“vye Jear.,
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= Adhesive wear probably increases with temperacurr,
sraking load, and the concencration of acherent components in the frizzicn
material. —1¢ i3 also caused By the presence in the friction materiai
of mecal particles capable of solution in or reaction with che rotor
alloy, incrrasing with the size and concentration of such particles,
3ecause this type of wear can cause stick-slip, it may be associaced
<ich brake nolse.

2.3.0.1.4 Fatigue Wear

Fatigue vear (Figure 2-15) is most cormmonly observed
in oacal bearinps. However, {t may also be expsrienced by organic fric=-
tion materizls, oicurring in tWo forms, thermal and mecaanical.

Thermal fatigue is caused by repeated heating and
cooling., Such repeated temperature changes impose cyclic stresses on
the surface material, which heats and cools more rapidly than the bulk
macerial and thus expands and contracts to a greater extent. Because
of thetir low thermal conductivities, the thermal gradients and resulcant
shermal stresses in crganic friccion macerials may he higher than those
in mecals.

Thermal-shock cracking may be thought of as a special
casc of thermal fatigue, cccurring as 2 resulc of a single abusive
laading.

Mechanical facigue is caused by repeated mecnanical
stressing. BSecause of the frequency of brake use, friction macerials
are subjected repeatedly €O beoth compression and shear forces. Addi-
cional stresses are also applied repeatedly if drums are out-0f-round,
{¢ Jiscs are out-of-parallel, or if rotor chickness is not uaiform,

Figure 2-1) shows the {nittacion of fatigue wear arcund
the large casuiew pactticle., This material swells vhen heated and thus
r~g surface wears, After goaling, the parcicle contracts, cracks, and
sulls away from the edges. vhen the particle is complecely loose, it
can fall out. ’

2.3.4.1.58 llacroshear Wear

Three types of material removal fall in the cacugery of
maccosnear vear, which is {1lluscrated in Figurse 2-16,

A fracture, in shear, may occur across the entire brake
pad undar extremaly heavy loading, especially if the friction material has
previously been weskgned by heat. This is a sudden rather than a gradual
type of wear.

' Fracture at the edges and commers of a plece of friccion
matarial is another types of macroshear wear. Oxidation of organic com
sonents weakens the frictionm macerial at these locations,

2-19
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. Fracture at the edges and corners of a piece of fpri:-
tion iafertal is another type of macroshear wear. Oxidation of srgan::
components weakens the friction material at cthese locacions,

A third type of macroshear wear can occur when a fri:-
rion matartal such as that shown in Flgure 2-15 is subjected to heavy
*yading following thermal abuse. The heac-affected layer in the macerial
piccured {s about 100 mils deep, and from this layer organic material
nas been removed by pyrolysis. I[f sufficiently weakened, such a layer
can ba sheared away by a single, heavy brake applicacion,

Whatever the mechanism, macros! :ar wear s promoced by
sonuniform lcading and by oxidation and thermal degradation of the
binder. It {s raost likely to occur at elevated temperacturas and under
severe braking conditions. Its end products are typically large fray-
ments of friction material that leave the surface rough. These frapg-
ments subject the remaining friction material to plowing or abrasive
<ear, and while they ara present in the interface, friccion behaviours
will be erracic.

2.3.4,2 Preduminant Wear .lechanisms

The predominant wvear or emisiions-generacicn mechanisms
may be summarized simply (Figure 2-17):(2=19)

® Below 4&50°F:
Abrasive and adhesive wear.

® Above 4LSD°F:
Thermal wear.

Figure 2-18 illustrates che wear loss of three different kinds of {ric-
tion materials as & function of temperature, illustracing cnese predom:-
nant wear machanisms.

2.3.4.) Wear Egquation

Recent work at Bendix Research Laboratories has indicatec
that each friccion material wears according to 2 uyniversal wear equa-
[ign.(Z'ZO)

LW sk «p V' st
or

“log (W) = iog k + a log P + b logV+clogct
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whele
A L{;che weight lcst
- K {s the wear facr:
= is the load
" 1s the sliding velocizy
t is the time of sliding, and
a,b,c are constancs characteristic of a given frictiian chun.e.

When further developet, this equation will Se usei.. - --
predicting wear (and emissions) under various driving conditiuns.

2.3.5 tmissions of Parcziculate and Caseous Crmiss:icons

2;3.5.l Drum 3rakes

Caseous decumposition products (i drurm Draces are o ..%% .

frpcm W0 areas:
&

® The space between the rotating drum and the statiunary o
backing plate, '

& The smai. holes in the backing plate itsel! (e.pn.,
clearance holes, brake adjusting slot, ecc.)

Particulates are emitted from the same two areas, 1.3 .o

salv small particulates would come through the holes in the backing 2late.
—. [~ zrum brakes, some particles are not emitted but remain in the rata:i.::
dru=. [t is expected that some of these particles would eveniuallv ov
e=:2ed throughh the spuce setween ine rotacing drum and staticnasy S.in-
place. Also, some large particles would be "ground up'" ang emitzes
1§ a3 numcer of smaller parzicles if they are trapped berween the frict.:an
mater:al and drum on subsequent braking or if they are trapped besweucn
tne rotating drum and statianary backing plate., [f the brake shaes au¢
2f riveted construction, then some particles can be trapped in ¢'.e r:ve:
hules and thus retained {n the brake.

,_
oy -

1f convective cuuling of drum brakes is improved . 0.
future, as is desirable fur safer cperation and longer driving life, it
is likely that fewer particles will remain trapped, The particles
cmitted, however, will probably be larger, as they will be subjeczad
to grinding action for shorter periods of time.

2.3.5.2  Disc Brakes

As the disc brake is essentially an open Bbrakinn svstum,
ic is expactad that all particulate and gaseous decomposition products




sill be emitted. However, a szall amount of particulaces collec: - :-¢
tivet holes of riveced dlsc drake pads and on some ireds ol tne z3..zer.

TT2.3.5.3  Clutches

In che dry clutches commonly (n use on "Stick=shifz rars,
inere are very few openings for gases and parcicles to escape., Tme o
2aln areas are:

® The area around the clucch fork, which general.v -as a
rubber boot on it for protection ot the clutes fro-
road spray, sand, etc.,

® A small opening at the lover front of the cluten ¢a
drain any oil, wvater, etc., which may gectc Lato t-me
cluteh,

SBecause of the construction, many particulates remain in the clucen
housing,

2.J.6 Discridbution and Changes in Brake and Clucch Emissicns

Entrapped gases and pyrolysis gases released during brakings
or clutch slipping will be hot enough to mix rapidly wirh che surrounding 4
air and become part of the air wake of the car. The higher molecular
veight vapors vill condense and eventually sectle to the ground. The low
molecular weight gases will disperse as part of the local atmosshere.
Some of the condensible vapors may, of course, sectle on small, aic-mar=e
dust particles and zould be carried into the TesSpilracory syscem as pars
of the breathing air. )

The particle emissions will disperse in different wivs desend-
ing on their size, shape, and density. Submicrometer-size particles, re-
gardless of shape, will ordinartly remain air-borne uncil they are
scrubbed out by rainfall or some other separating action. In effec: they
Seccme a long-time part of the atmosphere,

‘Spherical particles in the 1.0 .m to 10 .m diameter range
“ill sectcle, under gravicy and in scill ate, at velocities from 12 o)
LO0Q cm/hr, according to Stokes' law. Irregularly shaped particles of
simtlar size and {n turbulent air will sectle at much slower velocities
and could remain sir-borne for heurs or days. These particles cause cne
greatest aggravation in the human respiratory system because they collect
in the tracheo=bronchial regions and, to some extent, in the alveol:.

Particles from 20 um to 100 um in diameter will seccle as
part of the dust trail left by the car or will collect with any larger
particles in mschanical traps in the car. Eventually these larger-size
particles will fall or be shaken out of the car and become part of the

road dust,
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