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Thurszay, February 1C, 1972, at 9:30 AN,

at the

institute Off ice, £-210 Route #4, Faramus, N.J. 07652

l. K. Weaver, Chairman . FRaybesios-ilanhattan, Ine.
J. C. Henning : Firestone Tire & Rudbaer Co., iorid
Sastos Division
4, 8. Reitze <“chns=lanville Corperation
M.G. Jacks (for W. Spurgeon)  Bendix Cecrperation
Bendix Research Laboratores
J.3. Graham . Carlisle Corporation

Molded Naterials Divisien

4

£. H, Feierabend Abex Corperaticn *
_ Amari1can Brakeblok Division
QTHEIS PAESEAT ' | —
?
€., % Drislane . Friction Materjals Stamcards Institite

The meeting was called to order by Mr, Weaver, Chairmanm, at 5:30 A.M,

MINUTES OF P9EVICUS METT NG

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

Upon motion duly made, seconded and unanimously passed, it was

RESOLYED: to accapt the minutes of the September 15, 1371 mmeting
as distributed.

MEETING AT DEPARTMENT OF LABOR. JANUARY 26. 1972

A brief review was read of the activities at the Occupatioral

Safety and Health Administration (QOSHA) session held in Washingten

on Jamuary 26, 1972. Mr. Matt Swetonic of J-M attended this session, .
and the Secretary summarized what Mr, Swetonic had told him as
follews: QSHA previously had emphasized safety = now the emchasis

is on health = five -industr.ial substances are under-attack (ascestos,
silica, lead, cotton dust and carbon monoxide). Our immadiate
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concern 1s asdestes. OSRA is suggesting voluntary set=us =7 jraie--.,
commitiees working with trade associations. Incusiry resrasemiar;.es
indicated that cooperation should be tased on reascrazle starcards,
"he oroposed standard is 5 fiters/ce (0SHA 1s aprarently corsicer ing

raducing tAe stancard to 2 fibers/cc),

— AS3ESTCS SYPASIRE STANDEADS

The proscsed stancdard by CSHA s now 5 fibers per c=. A fiber must
have a 3/1 lergth/diameter ratio, with the length 5 micrans or
greater to' be consicered a fiber, This size can be scresned with
the ootical microscace. DOr. Jacko noted that there ware studies
cencerning asbesics fibers in the less than 5 microm length By
elecirom microscsey.

The 3ritish Asdesics Regulations of 1363 were cdiscussed. They have
a concantration of less than 2 fibers/cc. (sampled over a [0 minute
reriod) as being satisfactory, with allowances on 2 to 12 fiters/ce
(samoled cver a & hour period) depending on hew much i{he sample
exceeds the 2 fibers/cc limit, See copy of pages i~5 of Control &
Safety Guide 8. At 12 fibers/cc, the plants could be shut down.

Far refarencs:

:'4.0-

The Asbectcsis Reesarch Courcil

"isbestos Sased-Friction Materials and,
Asbestos Reinforced Resinous Moulded Comoounds, "
Control-and Safety Guide #8.

-Environmental=Contrel Tommitiee ;~Secretary
114 Park Street .
London,..England WIY=LAB.. ;

BRITISH FRICTION MATERIALS COUNCHL

The Secretary advised that the British Council had submitted
cemments to the Illinois Pellution Control Board and had indicated
(through Mr. Bob Gibsen of Mintex and Mr. Harry Jones of Ferodo at
the SAE January mesting) their interest in being informed on the
status of asbestos regulations in the U.S.

Upon motion culy made, seconded and unanimously rassed, it was
RESCLVED: to inform the British Council of all regulations
known to the Friction Materials Stancaras Institute,

and to forward minuies of our meetings to the
British Council.

LIAISON WiTH ASBESTOS INECRMATION ASSQCIATION OF NORTH AMERICA (414/NA)

It was noted that Mr. Matt Swetonie, now with Johns-Hanville, will
become Executive Secretary of the AIA/NA. It was recommenced that

sha FMS! maintain contact with the AlA/NA concarning any matters
"¢ tis=lame. ashastos in the workeplace,etc.
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SAFTTY AND REALTW ATHUNIITIATION (%uy)

Wro Weaver discussed scme of the background f2r tRe crogsses
Standardg for Zxoosure to Asbestos Dusi. F-020sed ruls max -
these standarcs acceared in t{he Feceral “egister of Zscemoar 7
and January 12, 1972, (Cccies were disiriSuted By the |ns: s, ta
by mail to memoers of the Astestos Study Commitiea)
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Mr. feaver is the |[ndusiry reoresentative gn the Advisery Commitise
far Asbastos Stamdards set up under the Ce=uzationmal Safety and
Health Act. =e advised that while the prozcsed siancards are for

5 fibers/cc time weighted average airtcrne concentration of
asbestos dust, the cihers on the Advisory Commitise may gush for

2 fisers/ce.

-

CSHA will accarently enforce these regulations and if exosrisnce in
related safety enforcement is any criteria, fines or plant closings
may be used for enforcement purpcses. .ihile it is currently too

late to present writien comments, the hearings are to be held on
March 14, 1972 in Washington. |n orcer to be heard, a cerson must
file a notice of intention to agpear nc later than March 3, 1572.

The motice must state name, address, approximate time required for
presentation, and a statement must be included indicating the :r
cosition to be taken by the individual,

The Chairman and Mr., Feitze indicated that these CSHA 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.

ENV | AONMENT AL SACTEIITION A5ENCY (294)

The EPA's emochasis in their proposed emission standards for asbestcs
did not use numerical limits om airborne aspestos, but concentratled
on filters and collectors = contral oractices: While these are
important to all manufacturers of asbesics brake linings, they are
practices and standards which, at this {ime, seem reasonable. The
OSHA Standards are the more immediate problem.

ENVIROMMENT AL PROTECT ION AGENCY = EMISSIONS F30M 3SBESTOS 3RAKE LININGS

Dr. Jacko advised that the Sendix Corporation's studies for the EPA
on emissions from brake linings may not be complete on schedule, and
that Bendix had requested a time extansion on this work that would
move their fimal repert back into the fall of 1972, Dr. Jacke
indicated that the maximum asbestos.fiber . in brake lining debris is

runﬁiﬁ§:§§;§til%.'
STUDENT PAPER - 81QOGICA. EFFECTS_QF ASBESTQS ON THE HUMAN ORGANISM

Copies of a term paper by Miss Beth'Krull ™Chemistry=Junior.at
Mundelein«Collége-in Chicago were .distributed to the membershipt "It
would appear that this paper may be an interesting sourcs of medical

-3 -




Yimgtes of AsSestss Stugy lommities Meetirg Fexr.ary

V- -~

e
.y a7 &

bidliegraphy concerning asbestos! (The pacer was forwarded to itg
Institute By Mr, J. Greenmen, President of F,M.S,1.)

CIUIPLENT T2 VEaSLRUANG tiTICINE 5323735 ICNCTNTIATIONG

¢

‘r. Reitze discussed ihe equipment necessary for measuring asbestss
concentrations. The test ts run with a vacuum pump sulling fiters
inte a filter which is then examined uncer optical micraoscery.

(Mr. Feitze discussad the equipment and procecures in more detail
in an afterncon session)

Dr. cacko said that the sube5 micron asbestes fiters were being
examired with slectron microscopy., He felt that as far as airzcrne
fibers were concerned, these sub-5 micron fibers might te targets
of the regulators in the future,

Mr. Graham 2e¢ked wrether there were any autoratic ecuizment for
measur ing the astestcs concentrations -~ eijther in existance or
planned. It was siated that the EF4 had made a Recuest for Frzoesal
for design of equipment for autematic measurement, but apzarently
they recesived no response. .

Ag of now, cotical microscocy with the memerane filter is the only <
recognized method.

ASBESTOS STLOY COMMITTES - FUTLRE CCLRSE

The members indicataed that the Committee should exist for screening

and sassing on informatidn to the members., They do not faeel ine
Cormittee should be used as 3 vehicle to comment directly on
regulations proposed by the various Federal and State agencies.
Further, it is felt tmat individual company responses to CSHA or
£P8 or others (sueh as Illincis Pallution Control Board) are

more effective, particulariy those from the smaller manufacturers,

Unless directed to prepare responses to government agencies by the
general memdership, the Committee will not assume this responsibility.

Some members felt that the "Asbestos Study Commitiee" would nave to
excand beyond asbestos - such as inte silica, resinous Sy=-proaucis,
ete. As of now, the prime target is to be asbestos, but cther
materials, if considered of importance to tha members, will De
studied.

Anothar suggestion was that the Committee consider a membership
survey on the methods for disposing of brake lining grinding dust.

CE. amd (& tha
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;r. M, Ja:kc requesied "3t his rame be added 1o the Asies:
Study Coqg:ztee mailing list, in additison to thRat of 2r, Sau:

! wis suggested that olher ranufaciurers of Srake linings, .
{side the memcersnis, be advised of i‘hese proposad stamcarzs sy

\;—:-IA.

O o -

Surraries of the arterncon's cresentation by Mr. Reitze will e
distributead to the memoership,

L | 4 L ] ] * * 4
Uoon motion duly made, seconded and urnanimeusly cassec, it was
RISCLVEZ: to adjourn.

Adjourred at 12:2C neon

€. 9. Drislare
Cxecutive Secretary

*I‘

¢=: Commities Vembders
J. Greenen
L. Stickles
Sritish Council
ATA/NA



- SECTION 1 -

INTRODULCTION AND BRICFE SUMMARY

The charysotile form of asbestos is a majour constituent in uIs-zoe
tive bSrake lin{ngs and disc pads, and tn the friction materials uscu =
s.4tches. These components are expencable., In tvpical passenger co-
scrviza, denm linings wear out {n about 40,000 miles, disc pads 1n an. .
12,000 miles, and cluteh facings in aoout 70,000 milcs. There are, o
zourse, wi.de variacicns in the service lives of these components, <
depend on the nature of cthe friction marerials useu, orn driver nao:its,
and on driving cenditions.

T.e expendasle members of the common automotive friction rourics
tain ne: onlv ashestos, b5yt also various organic and inurganic fric-
n and propercty modifiers. These conscituencs are bound together 3
noliz resins. Necause of their hizh content of organic substances,
n friczion materials are classified as '"organic.'" Asbescos-free
ct.on mazerials <itn 3 high content of metallic substances are class:-
fiec 3s "saemi-metallic.' Over 99 percent of the automative frigzion =.u-

rig.s used t:sdav are urganics.

ne mechanisns by which organic friction materi; ls wear can ve
e

classified uncer five neadings: <cthermal, abrasive, 3 hesive, macrcsnear,
o~ fatigue. Thermal, abrasive, and adhesive wear are considered tn ua
:=e mosi imnorzant mechanisms, ctharmal wear predominacing ahove &433°F,
izrasive and d4dhesive wear predeminating below &50°F (the tempera:iur:
Leing measured by a thermocour.ie in the racor, about 0.050 inch from

tae s.ising inserface). The orpanic constituents pyrolvze or oxidiza,
3n¢ are emizted te the air as carbonaceous soli{d particles or gasecus
reactlian produzzs. The asbestos fibers are pulverized into small parz:i-
c.es wnich are crapped in che brake (or cluctch) housing, or fall to :..e
rsad, or are emitted to the air, Disc brakes do not trap as much as
zrum brakes. tost of cthe asbestos is heated Lo temperatures !iigh encugn

2 cause chemical conversion, and is therefore trapped or emitted as
w.ivine or forszterite particles,

When the large number of existing cars and trucks is considered,
each with eight or more pieces of friction material (n the brake syscenm,
plus more in the cluteh mechanism, it hecomes apparent that an air pollu-
tion problem may exist. Considered in another light, there are perhacs
one hillion pieces of friction maierial in vehicles in the United Scates,
gradually being pyrolvzed and ground to dust. The brake syscems in the
venicles utilizing chese friccion materials can thus be considered as
chemical reactors, each emicting organic .nd tnorganic compounds, include
ing asbesces and {ts decomposition products, to the utmosphere. The com
sositicns of the gaseous and solid emissions have not been wvell known,



- ,
a0 =@ nartizle sizes and stapes of the solid emissicns Nave az: ceen
se.r=xnown. 3ecause of tne possible damage which these emigsicns :2an
srsduce in human respiracory systems, it s desirable o (dencifv arc
guantify them, with narticular regard to asbestos. That (s irhe purpese
:f tme program described {n this report,

The amount of asbestos emitted (s a function of many variadlas:
the number of vehicles oa the road,
the numnber of miles driven per year by each,
velifcle size,
the nurber 2f vehicles using manual clutches,

cendizions of driving (eity, expressway, mouncain;
deiver habicts, ectc.),

brake systam cdasign, and
Srake type (drum or disc),

rotor condition (surface roughness, scoring, cracking,
pitzing, ez2.),

voter design (e.g., solid or ventilaced discs, filianes
drums, ete.),

rotor setallurgy (cast {ron or aluminum,,
volume percent of -asbescos {n the friccion macerial, and

inharent wear resistance of the friccion magarial.

In nis program a passenger car of medium weight (tesc weight: 48CC
sounzs), procduced in high vo.ume, was used., It was equipped wvith a
manuai tranemission and cluteh, ventilaced cast iron disc brakes on :the
frane, und standard cast {ron drum brakes on the rear.

A ‘passenger car was selecced for testing because of the follcowing
factors:

(1) wvehicle hraning cannot be simulaced realistically an
snallescale fricerion tesc~machines wich 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
emigssions colleccion system; separate tests for brakes
and clutches would be required, howaver, thus {ncreasinr
program costs, wvhereas on the vehicle, disc and drum
brakes and clutches can be tested simultaneously;

(3Y aiv flow in the dynamomecears differs from that in vehicles,
and emissions from drum brakes will therefore be different
in the t(wo cases.

12
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Thraoo series of :esis were run, usine frigtizn materiils o .
RN
CGTe s S imulatian Fricticn .
. Simu.acice , femars
Test taterials B Tas
: Origtinal OEM! Disc Front Class A organiz z:s:2 ~.os
Equipment
quip UEM Drum Rear
2 Parcial AM? Dise Front No metallic chiss:
Reline . ,
Used QL) Drum- Discs and drums ~2o¢
Rears turned
3 ' Full AM Disc Front Disc pads and secancaries
Reline AM Drum Rear ConLain brass ch.ps

Uiscs an~ cruwms @.raee

This selecticn has severa, leatures, [t provides a replicatics o oone

test, chus giving an ustimate of repeatabilisy, 1o ineludes o urimaey!/ ;.
sacondary combinracion tng: serves hocth OLM and afcermarkers. (@ :acludes
sne compinazion (Ctwo materials) of widely used JEM macerials. : ingluces

cne cembination (two macarials) from one of the larger afcermarke: suo-
sliers. It includes a set of used linings (about 3,000 miles) 23 sive
data on the emissions at various stages of lining life. [¢ inclucas z1u:
different disc pad macerials from two of the larger aftermarnec suppliers.
Five different manufaciurers were represenced {n the friccion mater:.a.
sev.ections.

The collecticn of parziculate and pasecus .missions {rom anv veh:i:lc
tion couple has never pefore, co cthe authors' xnowledge been repericy
in tne licerature., To defiae the extent of these emissions, a c:amoina:icn
separatior and storage collection system wii devised. LUnigque emissians
collectors for both disc and drum brakes, and for a clutcn, <ere canmceivce,
designed, and built as the main embodiment of this imstrumencaczicn. [ne
callectors separated the wear debris into chree different fracticns: g
sunp sample which included the wear debris on the lining surfaces, :n tie
rivet holes, and on the brake drum; a surfaces sample wiich incluced

the wear debris on the orake and collector shroud surfaces; and an airhorne
sample collected on membrane filters.

R
s

v £y i

The vehicle was equipped with standard brake test instrumenzacion.
A front disc brake collector and a rear drum brake vollector were installec
on the right side of the venicle. The clutch was sealed by closing tne

‘0E!l - Original Equipmenc Manufaccurers
‘AM - afcermarket
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.es 17 i1fs casing. The lefc wheel Srakes were lefz in their ----3.
.oioveration and were used o moritor the operation of the snrouzad
r .«vi. =~wear debdris was also taken from the left brakes; the a=-zurss !
wsroa lliiecied and {ts camposition were used o demonst.ace tne: :-
- v sTroading did not significancly affect the operation of the srices

-, L ¢ o ..sslons collectors,

“lltoukh o tnere are many acceptable original equipment manulsiilrers
Grooe oans trigtion material tests for measuring a specific coileztiza .
comminatiin of callertincns, no one test adequately matcnhnes drivi~y -
Jitigns winich would he representaiive of all vehicles, Conseguent.., . :
SeCuane Nev@ssary to devise a raticnal and meaningful vehicle cesz. o
tazal of seven schedules vere chosen and each was followed by a measurz-
nents procedure (take emissions samples, measure wear, i(nspect systams,
zad replace worn parcs). he firsc three schedules ~ Burnish, Af:er
durnisn (A.B.) Baseline, and Detroit Traffic - Represenced low-temperacure
tascing The final four schedules - 10~Szap Fade, Afcer Fade (A.F.) 3ase-
i ! top Fade, and Final Oaseli-2 - represented high-cemperature and
ascing.

-
-

5-5
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Trhe mileage accumulations for each schedule of each vehicle testc
fied the possible test mileage reproductidbility. A ericical componen:
ne {rong disc brake collector was a unique rotating seal. For ine
milas cf testing, only eight rctating seals were required — an ex-
nal (=provement cver :he.anticipated need at the start of che

s |
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Prior to vehicle tesc 1, 3 3urnish schedule was performed and :xhe
temceraturas for the right front disc brake werr found to be near uJQ°F.
The .emnerature difference, iT, becween che right and lefr front brakes
ranged from 200 te 230°F. This was unaccepcable. The addition of several
tnermal control aids teduced the AT to a range of 115 to 160°F. lMoez
an: was the reduction of cthe right front brake operacing temperacure fra=x
250wz L00°F to about JOO°F. The brake shrouding did not present any pro-
ylems cn hot days. During the Detroit Traffic Test, the AT between che
‘ron: brakes remained between 100 and 140°F vhile cthat for the rear drum
srake rcmained between 10 and 30°F,

are

The rangae of asbestos conzent in the braks emissicns for vehizle
aszs L and 2 went from a high of 1.65 percent to a low of 0.03 percent
or zhe 90 analyses; only three were above 1.00 percent. The overall
average for vehicle test [ was 0.40 percent and for vehicle test 2 vas
0.25 percent, For vehicla test 3, the range of asbestos content was
{rom a high of 0.51 percent to a low of 0.00]) percenc. The overall aver-
age vas 0.07 percent, In chis work, all values for heavy-duty (abusive)
braking-were less than one parcent, which is significancly less than the
1S percent asbestos contenc reporced by Lynch of the U.S. Public Heal:n
Servicge.

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

D L N ™
e -



_asoraisries, Mohns-HManville also provided cthree analyses. The Jonns-
“gaville and Baccelle daca agreed very well. In 19 of the 24 araivses,
tne 3endix-—resulcs were slightly higher than che corresponding 3azze..e
resulcs, The Bendix average was (.25 percent, while the Battelle aver-
asa vas 2.17 percenr, or 68 percent cf the Bendix average. The Sent:v
d.:a were expected to be higher for the following reasons: all f.5ers
found were assumed to be cylinders of projected diameter and lengtn, --:
a fiser w.th an elliptical cross section wvas actually sraller in voiu~:
than reported; and all fibers were assumed tn Le pure asbestos, (purc.... ..
ceyraced asoestos or olivine fibers were mechantically reduced :: n~c--
{.3rous macerial by the other analyt.cal techniques, w0 Jnly trne y:r

asoescos fibrils chat remained were counted),

Analysis of the gaseous emissions was made difflculet by the i.ur ¢
suanziities of water and carbon dloxtide which by-passed the gas congi:i..n-~
.ng trep and encered cthrough the rotating seals, Most samples snowed
traces of C; to C3 hydrocarbons only as lover concentrat'ons of higner
“olecular weight gases could not ce detected. When the gases wer: c3..-
centratid from che fade tescs, C4 to Cg compounds such as butanes, scen-
zene, :2luene, phenol, and cresols wvere daetected (n the gas traps. <he
corresponding shroud extracts shoved Cj2 to C3g macerials, including
cardancl. '

To ccmpare the gereration of asbestos emi{ssions properly, {: .::
found necessary to calculace the emissions factors for each sample .-
micrograms/mile (vg/mile), These values were obtained by mulctiplyting
ine weight of generated Srake debris by the 4ppropriate asbestss percent,
‘9lloved by dividing by the miles per test schedule, Thus, either a
=:13h asoestos content or a large sample gave a high factor.

Tre following observations werc made:

® Asbe:s.os emissions were higher for new friction surfaces
and decreased with use.

s Initially the drum brake produced more asbastos emissions than
the disc brake. The difference decressed as the matecials
continued to be used. -

o Heavy (abusive) duty did not necessarily give a higher percent
asbestos, hovever, chs large amount of dabris produced gave
a significant rise in asbestos emissions.

¢ The order of decreasing asbestos emissions from brakes uas
found to be:

Fade or heavy-duty stops

asbestos
emissions

Decreasad
Burnish l

Yoderace braking

[ER S SUUY R ppp————— Y Y Y 1 el



o Fomthe disc pads only, there way an {ncrease {n asdes::
emissions with increased asbestos content (i zhe frizsizn
material (there was no such trend for che drum orake
materials).

o Boczh the front disc pads and the drum linings of vehic.e
test 3 had wear comparable to that of the other two varmicl2
tests, yet the asbestos emissions were significantly lsver,
8ntch pads and linings contained brass chips which mav nave
Seen in part responsible for the more zomplecs scnvers:izon
of the asbestacs ({n the bdrake emissions, possiBly Because
of becter heat transfer to the asbestos.

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

Two series of wveighting factors vere developed., The discriduzion
weighting facrors were calculated from the material recoveries in :zhe
shrouded and unshrouded brakes as indicated earlier. Estimates were made
for both disc and drum brices from the tesc vehicle for cthe amounts of .
the differenc samples discributed from the brakes. These estimates were g
made for the Burnish schedule, for cthe end of a complete venicle zest,
and for the end of all cthrec vehicle tests., For the drum brake, esz:na:zes
vere made up to 40,000 miles. The severity weighting factors wvere .al-
culated from the percentage~ of different braking modes: for new versus
burnished friction mazertals, for severe (or abusive) versus moderace
Sraking, and for the reneval of friction surfaces (A, F. Baseline).

The total asbestos emissions estinate for the test vehicle was
calculazed from the asbestos emissions factors and the severity weightisg
faccors., The average asbestos enissions factor for the disc brakes, ¢rum
hrakes, and clutch were used along with the Burnish (new surfaces), A. 4.
3aseline (surface preparation), Detroit Traffic (moderate =raking), .0O-
Stop Fade (severs braking) and A. F, Baseline (surface raneval) wveighting
factars., The value obtained for the test vehicle was 28.51 ug/mile.

The face of the asbestos emissions was calculated with the use of
the distribution weighring factors as follows:

Road Drop-out 81.92
Alrborne: 3.72

Brake Retention: 14,42

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

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

60,400 1lbs




The arnual total asocestcs enissions estimates - L
~c2i5™ STuUCKS (and buses), and "eavy trucks were foune s

—

Light trucks 12,300 lts
Madium trusks

(and nuses) 15,300 Lbs
Heavy trTucks 22,900 1sg

81,500 lss

. Z.cu.ated ¢o be as follaovws:
Read Drop-Qut: 87.9%
Alrsorme: 2.9%

3raxe Retention: 9,2%

2 dustribution of che zoctal asbestos emissions esctimate for ¢-.. .-

The estimated asbertos enissions for all vehicles i1m pounis. voar

is sumrarized as follows:

Tctal Asbestos
Emissions (l>s)

Passenger Cars 60,400
Li3nt Trucks 32.500
Madium Truchs (and

suses) 16, 300
Heavy-TruIKS 32,900

staorcvcles,
railers; eceg.) 16, 300

158,200

‘tiscellaneous
(=

Distribucion by
percent:

Distribution (ibs)

Drop=Qut Airturme Reseniivn

49,470 2,230 5,7
28,420 540 Jyden
14,330 470 p
28,920 9350 BT
14,330 470 NPTy
135,470 5,060 V1L LT
85.62 3. 2% |

These esCimates are considered o be maximum values
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Unsublishad Jata

-
At the ctizme of writing of this report, :there wvere :nreq
vmown work3 which had been completed or were (n progress. The ams.-

of brake w&dar debhris and {8 composition ver determined on 4 ‘ullesrace
inertial dynamomecer using a duc-servo drum brake in 196863, (i<2) =,

dererminaticn of the amount of asbestos in airborme brake cdebris samplac
downwind 95 a disc Srake instalied on an i{nertisl dynamometer was .n
;:ogress.\2'3) The determinatiocn of asbestos conzent in airborne nrake
cenr.s sampled downwind of vehicle-mounced disc and drum Drakes vas o592
ia progress.(z“)

2.3 3ACKCROVLD

3.3.1 Criergv Abscrsiion by Friction Materials

2.3.0.1 B8rakeas

During a stop, the automobile brake converts the kineci:
erergy of the moving vehicle (nto heat, absorbs the heat, and graduai.v
diss.pates iz to the acmosphere, The sliding friction couple in the
Srake consists of a casteiron rotovr (drum or disc) and a scatcr on wiizh
is mounted a friscion mater:al or lining consiscing of asbestns fiher,
sropersy mcerfiers, and an organic resin binder. Lining is cousiderac
expandazle. Cver a long period of time and many miles of servize, muzn
v! it is csnverted to dust and gases, Smaller amounts of che rotor are
1l50 converzad o wear debris. Particulate debris is parctial.y retainec
ang sartially emitzed from tne vehicle in normal secvice.

2.3...2 Clutches

The "manual automobile clutch transfers the kinetig
ererzy of che engines rotating crankshafc smoothly to the tramsmissi.m
and <heels. Any slippage results in generaction of heat, which is ac-
sorbed and eventually dissipated to the atmosphere by the cluter. Thus
t=e cluteh is basically a dry-running staztic friction cuuple (which
slides momentarily during gear shifcs), The mating materials are usua...
cast~ireon or steel and a friction material or lining which is freguenz.y
organic-bound. Organic-bound friction materials consisc of asbescos
{iber reinfcrcement, prupercty modifiers, and ar organic resin binder,
ihe campesition is qualitatively similar to that of brake linings.
Clutch linings are also expendable, grodually vearing away in use., The
vear debris can éscape from manual clutches. Wear debris from friction
materials in automactic Cransmissions is recained almost complecely i-
rhie transmission fluid.
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2.3.2 Cammositians of Friction Macerials

2.3.2..% Ceneralized CLassiflzacions

Table 2-1 gives typical compositcisas sf drum lin:

C -5 y ; S, 35t
sad," ang clugech facing frictlion materials. The foundazion, z: =a'35r
samsticuent, of practically all organic friczion materials is asceszas
fiser Asbestos L8 chosen Secause of Lts cthermal scabilicy, ics re.dzive.-

nign friction level, and its reinforcing propercties. Since asbescss alone
does not offer all of the desired friction propercties, other macerials
called friction modifiers are addad. Ilodifliers are varied {n type a2
zonzent to provide desited lavels of effectiveness, vear, fade, re-=va=,
and nocise, A resin binder (s also added to hold the other materials
together with adequace strength,

2.3.2.2 Asbesccs

The asbestss usually used (n friccion macerials

1§ 2hrve
satila from Quehec or Verzont. Chrysotile, the principal mineralscf :Ee
sarpencine group, has the approximate composition formyla

1g4(S1,0.)(C0H), or EHgO-ZSiOZ-ZHZO
Table 2-1 - Composician of Typical Automotive Friction Materials
(Volume Percent)
! Jtum w14 Sise Pads wWoven ClLulin "Tul.vgs 1
frisetv ] seconcaty S::::‘:’ Nf;:::o‘:” Ctancarg I Nedviedul s !
xesim Y.ezer 936 | 318 1he22 13-18 0-% | e |
~s:n:3: Adcinfarcement A l ajor ‘ajee R3Y-14 ojes | VoLt
Feitiioe ‘egilters l 1
o rgimi: f
Triitisn st 10«13 §=19 0«19 . 0.1 x
C.astumer S-1% 10-19 0-10 f
¢ aurgante | :
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Caides 0-% -1 0-3 a-%
Coppet/Brass Q-3 5= 10 Q=3 teiC
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transmisston vehicles., Phenolic-bound brake lining composizis=s zcm:a:n-
{ng 3sbesgos serve as one of the best clasges of low-cosc expencasie
mezbers of the friction couple for all-sround performance. At low energ:
absorpticn races, the cemperature of che frictilon macerial, approxuimazely
40 mils from the interface, oay rise o J00°F; the incerface (:se.f .5
hotzer, !lost of the heat Ls removed from the {ncterfaze by convez:ion

and csnduczion.(2=10) At high energy absorption races, heat !s generaze:
faster rhan it can be dissipated and the temperature at the s..i.ng 1nzec-
face reaches a point where chemical reactions occur raptdly. Soriace
temperatures up to LA00°F have been obsearved or calculated; the s-esenc-a
of olivine Lin the wear debris confirms chat such temperatures ~3.e zeen

reacned.

2.3,3.2 -Physi.al and Chemical Changes in Linings During Use

Figure 2-4 {llustrates the heterogenous nature c¢f a
typical friction material composed of the following ingredients: pitensl::
wincer (30 volume percent), asbestos fiber (55 volume percenc), ang casnau
friccion modifier (15 volume percent),

As a result of the energy conversion at the sta:ssr-rsiar
{acerface, the composition of the brake lining surface is aliered. At
low service temperatures, the phenolic resin and organic fricticn moai-

fier convert, on the surface, co compositions with slightly higher carsgq
oxygea ratios. At somewhat higher use tezperatures, the resin and cr-
ganiz friccion modifier convert to carbon more readily, and tnis 1n turn
oxidizes to carbon dioxide. Ac the same time, the asbestos wvear. awav

zore rapidly because of the reduced binder sctrengch and volume az :he
surface. Figure 2-5 {s a photomicrograpl of typical wear debris cclleczad
from 3endix Research Laboratories' dynamometer, oparated at (00°F. .sses:is
fibers are prevalent in several of the wvear debris .,d4rticles, Figure 2-2

is a phocograph of the improved wear debris collector designed and bullt
for friccion and wear research.(2-11) Ar scill higher cemperac.res, c:he
asbestos converts from izs fibrous form to an olivine pcuder wizh liztle

or no reinforeing value. Figure 2-7 shows the fricticnal-heac-affectec
laver of lining which had experienced more than 10 successive scops {rem
100 mph without sufficient cooling bectween scops.(2=12) (A large piece

of material s about to separate from chis sliding interface - an examp.

of macroshear wvear, described later.) :

then heat {s generated at the sliding incerface sevween
scator and rotor much fastear than it can be dissipated, the temperacure
rises and may rveach a point whers the lining or pad components deccompcese,
oxidize, or mslt. The scator material then wvears rapidly and the friz-
tion coefficient, u, may decrease, This is fade. Fade has been atcri-
buted by scms to avolution of gas at the sliding interface; on heating,
the gas expands and exerts ¢,:orcn on the lining or pad, tending to
push it swvay from the rotor. =13)  Fade can generally be ascribed o zhe
formacion of a gaseous, a liquid, or a low=friction so.id phase ac the
fncerface, or to some combination of these phenomena. Figure 2-3




Figure -6 = Close-=up View of Bendix Drag Dynamomecer Showving
l'ear Cebris Collector
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sumrarizes the physical and chemical changes which tzke place in :re
friction material as the cemperacure rises,(i=14) Figure 2-9 syumemar:i:as
the physical and chemical changes which take place in tha casteizsn r=c-a-
as the temperature rises,

2.3.4 Srake Lini{ne Wear 'lechanisms and CeneraZion of Tmiss:s-~s

2.3.4.1 Tvpes of Wear “echanisms

Cmissions are generated by wear. To the consumer, -ear
Le an economic consideraticon. To the environmantalisc, these emissicns
are substances tc be charszcterized and, L{f harmful, to be eliminaced.

From the basic fricction material engineering standpoine,
wear resistance (s fnversely related to friccion level and other desir-
able performance characteristics., Linings wich faster vear rate and
more frequent surface rencwal generallv have greater friccional sca-
silizy. This circumscance is used to advantage in the development of
srimary-type linings fnr duo-servc brakes, where, because of design,
tne stabilicy of frictional properties is of greater significance 20
brake perfirmance thdan is wear resiscance; use of primary linings with
o0 much vear resiscance results in poor face resiscance, less fric-
zional scadilicy, and generally poor overall pericrmance.

Except in the case of primasy liniugs, however, one of
the formulator's objectives must be to achieve the highest possible
level of wear resistance. Cantrary to the opinion nf some, maximum
life does not require a friccion material of maximum physical hardness.
What is desirable i{s a miniaum wear rate {n normal low-temperature use,
a moderately increased rate at elevated temperatures, and a recurn o
the original low=-temperature wear rates after being subjected to ele-
vated temperatuyres,

Total emissions generation may be defined as the suym tozal
of zhe losses assoclated with five basic types of wear,(2-15)

e abrasive wear, -
® thermal wvear,
o sdhesive wear,
® fatigue vear, and
® macroshear vear
As shown in Table 2-2, there are several possible mechanisms for each
type of wear,
2.3.4.1.1 Thermal Wear

Thermal wvear encompasses & group of physical and chemi-
~al reactions ia the course of which interatomic bonds are broken by cher-
mal energy. These reactions include pyrolysis (thermal decomposicion),

»
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Table 2=2 - Wear Mechanisms ¢n Friczion Materials

THERMAL WEAR ADHESIVE WEAR
PYROLYSILS ORGANIC MATERIAL ADHEZSION
OXIDATION BINDER
THERMOPART ICULATICN FRICTION DUST
MELTING RUBBER
EVAZORATION INGRGANIC MATERIAL ADHESION
SUBLIMATION METAL PARTICLES
EXPLOS ION ICE
ABRASIVE “EAR 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 | &

oxidacion, thermoparticulation, explesion, melting, evaporation, and
stblimation. Their rates increase exponentially with cemperature, ang
in extreme casas they result in fade,

Pyrolysis probably occurs predominancly at the centars
of linings and pads and tc a lasser extent at the corners and edges.
Oxidacion, on the other hand, prodbably predominates at the coriers and
edges and is less severs at the center. Explosive reactions occur
under highly sbusive braking conditions, whers the rate of heat input
{s so high that solids are converted to gases vell beneath the surface;
becauss these gases ars grsatar in volume than the solids they displace,
they create 8 prsssure that ruptures the lining in an explosive manner.
Four such reactioncs ars represencead in Figure 2-10.

It might be chought: that rapid thermal wear occurs on.y
at high soak temperatures.® In fact, however, thermal vear probadly

.Soak tezperatures are tezperatures omasured during dynamometer or vehiclc
testing, using a thermocouple located {n the friction macerial cr in the
rotor, generally st a discance of 20 to 50 mils from the sliding inccriuce.
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Flgure 2=10 = Mechanism of Explosive Thermal Wear

cccurs at appreciable rates at low scak temperatures as well. [t has
been shown that the materials in a sliding friczion couple contact each
cther at the tops of aspericies on their surfaces, There (s considec-
able evidence zo indicate that t:.e temperaturs increise at these asneri-

1es for low sliding speuds is represenced by the ejuation a-16, 2-17)
T- Ta . (zuvv/nJ)[l/(k1 + kz)J
where
T is the “flilhi temparature
T° i{s the soak temperature )

g is the accclevation due to gravity
v {3 tha coefficient of frictiom
v is the sliding velocicy

v {s the load on the asperity



a is the radius of the asperity junction

i is the machanical equivalent of heat

k. is the thermal conductivicty of the dise
k, i3 the chermal conductivity of the slider

Modifications of this equation have also been developed for high slidirg
speeds, EIxparimencs indicate that the flash temperature may be as nigh
-s 1400°F (760°C) Lf che soak temperature {s 650°F (343°C). This flash
tezperazure s high enough te¢ cause rapid localized pyrolysis of the
crganic compounds used in friction macerials, as well as conversion o
fibrous asbescos to powdery olivine and transformacion of pearlite co
marcens:ize in the cast-iron macing surfacs.

2.3.4.1.2 Abrasive Wear

. Aorasive wear is of Cwo types: cwo-body wear (Fig-
ura J=il) and three-body wear (Figura 2-11). Plowing by asperities oun
:he rotor surface and plowing by edges in rough-machined, scored, cracxad,
or corroced (pitted) rotors are examples of two-body wear. Crinding L
wear dasris and by foreign particles such as sand, clay, mud, or salct
1n the siiding interface is cthree-body wear,

Abrasive wear would oe expected to increase with tcame
perature. [t increases also with the brarking locad and with the concen-
tracion, size, and hardness of foreign particles., It may be accompanied
sy negacive fade. N

Figure 2-1] is a Bendix scanning electron phutomicrom
grazh of a dynamometer-tested friction macerial showing the abrasive wcar
=racks on tne surface, Several adherent wear debris particles are
si1miiar in size to the vear track widths.

2.3.4.1.3 Adhesive Wear

Adhesive wear, {llustrated {in Figure 2-14, invelve: the
adhesion of organic and/or inorganic saterials to che rotor and che sub-
sequen. tearing or separation of these materials from the lining or pad.

Organic constituents of friction materials include the
binder, friction modifiers and elastomeric compounds. Inorganic consti-
tuents include zinc posder, brass chips, and asbestos., Little is known
about the tansency of these matarials to adhers to the cast iron used
in today's drums and discs, though experience vith hot elastomeric com-
pounds suggests that elastomers ars very likely to stick. Experiments
at Bendix Ressarch Laboratories indicate that brass chips will alloy
with cartain nonferrous rotor nllays.(z‘la) wWhen this occurs, mecal
1s transferred froa the rotor to the lining, scoring the surface of che
-ator and in curn subjecting the lining to a high race of two-body abra-

ve Jwear.,
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= Adhesive wear probably increases with temperacucr,
sraking lecad, and the concencracion of adherent componencs {n zhe frice:s-
material. It (s also caused by the presence in the friceion maceria;
of mecal particles capable of soluticn {n or reaction with che rocar
alloy, inerrasing with the size and concentracion of such parcticles,
Because this type of wear can cause stick-sli{p, {t may be associated
wich brake noise.

2.3.0.1.4 Fatigue Wear

Facigue wear (Figure 2-15) i3 mosc cormmonly observed
in macal bearinps. However, it may also be experienced by organic fric-
tion macerizls, o.curring in two forms, thermal and mecaanical.

Thermal factigue 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 conctracts o a greater extent. Because
of thetr lov thermal conductivizies, the thermal gradiencs and resulcant
thermal stresses in crganic friction matarials may he higher than those
in metals., .

Thermal-shock cracking may be thought of as a special
case of thermal fatigue, cccurring as a result of a single abusive
laading.

Mechanical fatigue is caused by repeated mecnanical
stressing. Because of the frequency of brake use, fricticn macerials
are subjected repeatedly to both compression and shear forces. Addi-

tiomal stresses are also applied repeatedly {f drums are out-of-round,
if Jiscs are out-of-parallel, or if rotor chickness is not unifarm,

Figure 2-13 shows the initiacion of fatigue wear arcunc
the large casuiew particle, This material swells when heated and thus
the surface wears, After cooling, the parcicle contracts, cracks, and
sylls away from the edges. when the particle is completely loose, it
can fall out. :

2.3.4.1.5 ltfacroshear Wear

Three types of material removal fall in the catugory of
macrosnear wvear, which is tlluscraced in Figure 2-16,

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

' Fracture at the edges and cormers of a plece of friction
matarial is another type of macroshear wear. Oxidation of organic com
sonents weakens the friction macerial at these locations.

2-19



N

\\\\\\\\\\\\ RN

Figure 2-15 = Mechanism of Fatigue Wear

i
OIRECTION OF RELATIVE MOTION
] 7 ‘ /. ~—ROTOR
MRnmmnmiEy N
R \ LOCALIZED

.\\ NARARNY

> -
GENERALIZEDT NS Y e
- NN . LURE AT EDGE
FAILURE THROUGH \ N \ & DIRECTION OF : WEAKENED BY
HEAT-AFFECTED \ Al NORMAL EAKENED @
-§ \\ ORISR N .

ZONE - FORCE
N\ FRICTION MATERIAL\\

RN AR AR

Figurs 2-16 - Me.hanisz of Macroshear Wear



. Fracture at the edges and corners of a piece of fpr::-
tion :aterial is another type of macroshear wear. Oxidation of odrgan:s
components weakens the friction material at cthese locacions,

A third type of macroshear wear can occur when a friz-
tion matarial such as that shown {n Flgure 2-15 {s subjected to heavy
‘yading following thermal abuse. The heat-affected layer in tiie macer:ial
pictured is about 100 mils deep, and from this layer organic material
nas been removed by pyrolysis. If sufficiently veakened, such a3 layer
can ba sheared away by a single, heavy brake application.

Whatever the mechanism, macros! .ar wear s promoced by
donuniform lcading and by oxidacion and thermal degradation of the
binder. It is raost likely to occur at elevated temperaturas and under
severe braking conditions. 1Its end products are typically large fray-
ments of friction material that leave the surface rough. These frap-
ments subject the remaining friction macerial to plowing or abrasive
wear, and while they ari present in the interface, friction behavious
will be erractic.

2.3.6.2 Predoninant Wear .'echanisms

The predominant vear or emistions-generaticn mechanisms
may be summarized simply (Figure 2-17):(2=19)

e Below 450°F:
Abrasive and adhesive wear.

® Above 4LSD°F:
Thermal wear.

Figure 2-18 illustrates cthe wear loss of cthree different kinds of Iric-
tion materials as & function of temperature, illustrating cthese predom:i-
nant wear machanisms.,

2.3.4.) Wear Equation

Recent work at Bendix Research Laboratories has indica:ed

that each friccion macerial wears according to a universal wear equa-
cign.(Z'zo)

W sk - p « VT v ¢
or

‘log (AW) = iog k + a log P + b logV +c logt
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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




<{ll Se emitted, However, a small amount of parziculates co.lec: it
rivet holaes of riveced disC brike pads and on some areds of c-e 2il.ser

TT2.3.5.1  Clutches

[n che dry clutches commonly (n use on "sCickesh:iz" cars,
tnere are very few openings for gases and parcicles to escape. e r.o
saln aress arve:

® The area arcund the clutch fork, which genmerallv -=as a
rubber boat on ({t far protection of the cluter fro-
rcad spray, sand, ectc.

® A small cpening at the lower front of the cluten ra
drain any oi{l, wvater, atc., which may get Lats tue
¢lueeh,

Secause of the consgrucsticn, many particulates remain ia the clucen
rousing.

2.3.6 Discribution and Changes in Brake and Cluceh Emissicns

Entrapped gases and pyrolysis gases released during brakings
or clutch slipping will be hot enough to mix rapidly wirh the surrounding 4k
air and become part of the air vake of the car. The higher molecular
weight vapors will condense and eventually set2le to the ground. The low
molecular waight gases will disperss as part of the local atmesphere.

Some of the condensible vapors may, of course, settle on small, air=mnr=e
dust parcicles and =ould be carried into the respiratory system as oar:
of the breathing air. )

The particle emissions will disperse i{n different wavs desend-
ing on their size, shape, and density, Submicrometer-size particles, re-
gardless of shape, will ordinarily remain air-borme until they are
scrubzed out by rainfall or some ocher separating action, In effec:t they
hecome a long-time part of the atmosphere,

-Spherical parcicles in cthe 1.0 .m co 10 .m diameter range
will sattle, undar gravity and tn still air, at velocities from L2 :o
L1000 cm/hr, according to Stokes' law. Irregularly shaped particles of
sinmilar stze and in turbulent air will secctle at much slower velocities
and could remain air=borne for hcurs or days. These particles cause tne
greatest aggravation in the human respiratory system because they collect
in the cracheo=bronchial regions and, to some extent, in the alveoli.

Patticles from 20 um to 100 um in diameter will settle as
part 5f the dust trail left by the car or will collect with any larger
particles in mechanical traps in the car, Eventually these larger-size
patticles will fall or be shaken out of the car and become part of the

road dust.
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