File Name

Scanned 7

Source

Start Year

Stop Year

Contents

Notes

Ford Motor Company

yes

JMA: JMA:

1970

1973

memo, test results

BC notes in fila



715/98:

Ford Motor Company

Nov. 1970 documents refer to Ford efforts to subslitute or control asbestos
in making housing units for heaters and air conditioners.

Ford brake tests in 1973 demonstrate asbestos emmissions in brake wear
products. “Asbestos Emissions from Brake Dynamometer Tests," by A.
Anderson, R, Gealer, R. McCume and J. Sprys.
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tnyvironmenta! Contro! Depariment

"Rescarch & Englineering Center

Nevember |7, 1970

W. . O'Rei!'y - Cleveland Dist. Off,

cc: AL C., Smith
N. W, Hendry - Agsbestos 130Q
H, M, Ball - GIQ
W. 1°. Raines -~ GHQ
H. G. Conovan
J. Galdfield
Flte & C

FORD MOTOR COMPANY
PLYMOUTH, MICHIGAN
YOUR LETTER OF NOVEMBER |3, 197

I contacted Dr. George Bauer Yoday Iw accerdence with your request. Ha
told me that Ford was greatly concerned with the health hazards related
to asbestcs fiber uszge and that he had been lcoking for substitute
materials, He further stated that his search had convinced him that
other materials were equally, 1% not more, hazardous than asbestos

‘iber and that insTead of using a substitute, they should improve the
dust cont-o! a2t their cperations. He asked if anyane from Johns-Manville
coutd visit thelr plant and advise 1hem cn dust control procedures.

informed Dr. Bauer that !. Goldfleld and ' expected to be in fhe
Detroit-To edo area sometime within the next two weeks and would visit
their plant to review the problem with him and Yr. Leonard Evens, their
Plant Enginear.

£
zf’fﬁkV/
E. M. Fénner

EMF /ems



Cleveland Office
November 13, 197¢

E.M. Fenner = Finderne '

cc: N.W. Hendry - Asbestos : \
H.M. Ball - GHQ ] . i
H.G. Donovan, Research -
W,P. Raines - GIIQ
File

FORP MOTOR COMPANY
HARDWARE & ACCESSORIES DIVISION
14425 SHELDON ROAD
PLYMOUTH, MICHIGAN

This plant manufactures the Heaters and Air Conditioners Ffor all
Ford vehicles and the housing for these units is a molded poly~
ester premix compound. For the past three years they have pur-
chaged from us in excess of 2000 tons of Ashestos Fiber grade
7T15,

Last mouth we heard through Dr. Geovrge Bauer, a chemist and their
formulator for this item, that he was instructed to Investigate
possible substitutes for asbestos, and that if we had any comments
ox the subject, we, rather than he, should approach Ford about it,
Last week, on the 5th of November, loel lHendry and 1 visited there
and brought up the matter with our countacts seeking their advice.
They felt that although the subject had come up, a presentation on
our part would be premature at this time, and I believe iWoel is

to write them to the effect that we have such a presentation and
would be glad to offer 1t at their convenience. Dr. Bauer was not
present at this meeting.

tiow, on HJevember 1lth, Dr. Bauer has contacted our distributor
(Mr. John Hastings of Intermational Fibers) asking that someone
from the J-I Environmental Control Department telephone him to
discuss recommended asbestos dust levels. Their LECD feels the
asbestos dust in their operatiom exceeds the allowable limits and
if so, they wish to know how to reduce the dust. ¥Pr. Bauer stated
a dust level of 2 fihbers per cc, which I think is a 1little low.

At Aany rate, may I supgest that vou or somecone in your proup tele-
phone Dr. Georpe Bauer at Ford in Plymouth, Michigaun (Phone (313)
4£45-0600) to discuss nllowable asbestos dust levels? Then would
vau kindly drop a note to Noel Heundry and me informing us of what
transpired?

: < . ‘_l o)

ULE. U/Reilly : e s ) ;
A | .
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Iay 22, 1973

ASEESTOS -EMISSIONS FROM BRAXE NDYNAMOMETER TESTS
A. T, ‘Andersen, R. L. Gealer, R. C, McCane and J, W, Spys,
B Schentific Researxch Staff, Ford Motor Company.
< ‘(Proﬂontod at thae, ]9!3 SAﬁ‘Nailonul Automobile Engincering
Meecting, Detroif, May 1¢, 1973)

SUMMARY by J..W. Axelson’

. Dynamometer tests were made with a production dise brake and
all airborne wear particles were collectoed on 0.45 um filters.
Askhénstos fibers were deteocted and measurcd by the use of
transmission electron microscopy at 40,000X and vesitive identi-
fication was made by eloctron diffraction. dost of the lining
ashestos (99,925 pgreent) was found to be converted to a non-
cfibrous material by the high flash temperaturcs of the braking .
surface.. Brake flash temperatures as high as 980C have been

Wservcd on a test macliine.

- Thay oetnmate that about 28 000 tong of ashostos are used
each year by the friction mator1a1 industry in the
U.5. (J-M estimates about 45,000 wons). Less than hall of
“thisg,” or 12,000 tons, is eslimdted, to wear away.

- Throughout the paper they use a safety facter of 10 to make
i - »sure they are stating maximum quantities. For instance, thay
found that only 0.0023 pexcent of the lining wear was releasued
as ashestos fibers, bhut state thig figure as less than 0.02
« . percent. Likewise, the concentration of askestog fihers in
‘thﬂ atbmosphere from hrake usage was calculated as 0.007 X
1079 gms per cu meter but was reported as 10 times that or
- 0.07 ? 1079 gms per cu meter, :

"Sdme;of the pertlinent data are given in the following table.
These are actual values without multiplying by the factox of
_10 as they dsd 1n the paper.

A}

Background CQbLsLOJ iR anpbient cht air 1.9 x 1079 g/m
‘Ashestos, fiber from brake.in exhaust air 1.3 x 10 9 g/P
Total asbestos filer in exhaust air 3.2 Jﬁw-’
Bulimated bralke asbestos in urban air* 0.007 x ]0 g /13
Aobestos fiber from brake in alrborn weay

dust 0.005 percent
Ashestos fibok released.from lininq wear 0.0023 percent

*thrdrolated from data on residence times for lead particles.

v

ﬁrﬂk’ L |
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Ashestos Fmissions from Brake Dynamometer Tests )
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. Mly 2?, 1973
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Local Dctr?rt atmospheric concentration ranges from 0.5 to

G 007

R E

qms per cu meter 50 the calaulabkoed

‘gms per cn,meter is only a minor fraction
of noxmal c0ndatl0n« accruing from all
natural weathering ol ashestos-bearing rock and soil,
v farming and.cxcavating. This

x 10~

value of

sotees including
mining,

lecads to their final conclusion

"Based on this upper hound, €he use of brakes was 3udqud to
be not significant as a source of atmospheric asbestos
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dué-to braxe usage, was conservatively estimated at 1ess than 0.07 x 12°°

|
-\_39' o SRECTOS. KMTSS 1 NG FROM RRAKE
| ‘DYNAMOMETER TusTS
L . I. . by-
| . A E;4Andér$on, R. I. Gealer, R, C. McCune, J. ¥, Sprys

. Scicntific Research Staff, Ford Motor Company, Dearborn, Michican 18121
L B i ’

ABSTRACT
Dyﬁamometer tests of a production dise brake provided new information
on :asbestos fiber emissions during breakin, normal use, and high temperature
ase conditions, Both ambient air and brake cooling alr were sampled isckinetically,

using 0.45 pm filters, Examination of fest and tackground filters requiréd a.

“elarification prokess to maximize Tiber detectability, the use of transmission

electron microscopy (at 40,000 X) for detection, and electron diffractioy for

positive identification of ashestos fibers.. Most of the lining asbestos was

-;ufoﬁnd'to be converted to a non-fibrous material by the high tlash temperatures

of the breking surface. Less than 0.02% of the lining wear was released as

astiestos fibers, Thefconcentration of ssbestos fibers in the urban atmosphere,
. N N
;
]

i
grams per cubile mete{. . Based on this upper-bound, the use of brakes was

Jidged to ve not significant a3 a source of atmospheric ashestos,



INTRODUCTION ' o ' 1

-consumes about 12,000 tongjof asbestos per year. Roughly an equal amount

= .
Asbestos has heen a major constituent of automotive frictieon

_méﬁerials for. more than 50 years. It is. used to impart strength, \flexibility,

. o . e
and. heat resistance to a brake lining and to enhance friction and wear propeyr-

ties. Most present bvrake linings use resin or rubber binders and chrysotile-
. . . |

asbestos, tééether with organib‘and inorganic friction modifiers and fillers.

. The asbestos content varies with formulation, from z low of 25% to about 65%

by weight. Minimum asbestos levels are found in some high performance

" Buropuan disc breke linings which are highly filled with metals and ‘inorzenic

- .constituents. DLrake linings in the U. S5, average aboui 50% ashecios centend,

(T30 ¥xn)
Of a total U. 3. onnual asbestos censumption of £C0,000 tOnsL;about
(25 Mkg) ‘ |

28,000 tonsfef chrysotile asbestos are purchesed annually for friction materials

v

o7 wll types (1), ,Of t?is, it)has been caleulated that brake lining wear
. ' L1 Mg

L)

remeing on brake shoes st the time of replacement or is manufacturing wastage.

"Recent, tests have shown thﬁt densely populated urban atmospheres

often contain significantly higher asbestos concentrations than surrounding

areas {2). Background asbestos levels in the atmosphere result from the

. “, r
natural weathering of zsbestids-bearing rock and soil, as well as from mining,
fhrming,iand excavating., The generally higher urban concentrations suggest

.‘ - ) - IF. - . '3 > 3
commercial and industrial sourcesg, Brake lining and clubch facing weuar was

- suggested by Thomson (?) as a possible source for higher asbeslos levels in

‘th; urban atmosvhere.

¥

~ Lynch (4), in a study uwndertaken by the Fublic Health Service,

'répofted the findings of several brake dynamcmeter and friction machine

tests in which wear debris was trapped on & filter and subsequently examined

by means of a transmission electron microscope (TEM). !He concluded
. 3 .



. - | \
théfi“fééé fibers-from braxe lining wcér seem to he nn inconsequential health
factéf in.urb&n eir pollutien.” Lynch defected no free fiber from aQ automobile

”clutchhgnd a bus ., drum bfakg,‘but some [ree fibvers were found in one test of an
éxpepimgétal d%sc %rakeﬁ

t With mounting concern over air quality in general, and asbestos
pqliutibn in particular, this study wss initisted in 1970 %o provide ndditional

- lata on the zsbestes emissions from disc brakes,

OBSERVAT,ONS OF LINING WEAR

.

The near absence of free asbestes Tiber from lining wear has been
| ' i
reported by Luxon {5) using X-ray diffraction and by Lyrch (%) using the TEM

{transtission electron microscope). Several authors have suggested that

N

o 1
interfacial temperatures during braking could be high enough to decowmpose

the chrysotile asbestos into non-fibrous thermsl degradation praducts. Ana-
lytical relationships exist which permit calculation of interfacial tempera-

wm2s (6). However, several of the significant paremeters src diffisult o
determine accurately for heterogeneous materials such as brake lirines, The
asbestos crudes (larger fiber bundles) were caleulated to reach their rapid s

decomposition bemperature during normal braking at speeds above 56 MPH
. »
!

(25 m/s) gsban upper bound value and above 18 MPH (8 m/s} as 2 lower bound

value. An experimental approach was undertaken to provide closer bounds,

N | . .
Added insight irto the thermal decomposition of asbostos fibecs

in breke lining wear wes aklempted ty dircet visuslization ¢i the frictional

process; A small lahoratory Ifriction test machine was corsiructed using a thermal

‘siock resistant (Vycor) plase rubbing surface (replacins: the conventional cast

iron) in which the friction interface was dirsctly viewed with = low power (7-50%)

.o T .o " . 4 . N
binccular microscope-(T). Scaled rubbing velasities ware used to compensate for
. . _ ‘

the thermovhysical proverty differences between the glazss and osct iron.
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N Moderate scaled velocities, roughly equi&alent to 12 MPH (5 m/s ),
pfévi&e& a view gf-iqtermiébently incandescent asbestos crudes. During the
y - .
initiﬁl'burnisﬁing opération resinous material sgrrounding tﬁese asbestos
Erude%:was oﬁse;ved to pyrolize, producing microbeads of condensation
products around the érude. These ;rganic products of resin degradﬁtion and
‘the:apparently powdered asbeslos cecomposition products were seen to smear
'intﬁ:plételgts, often of such size as to bte discernible to the unaidéd eye.
‘ . At higher rubting velocities {over 3C MPI, or lilnfsj the platelets
.. formed a surface char layer under the action of more severc thermal and
mechﬁn?cal action. The }érger asbestos crudes then coulﬁ be seen teo glow

with apparent depth and for preater time Gurations, often several seconds.

) The actual breke liﬁing contact area was only 2z few percent of the total
) ) 1 ’ * )

_évailable surface, .with contact spots moving in & random manner with time. Irom
these ffiction_visualization studies it.éppéared that local flesh temperaﬁures
and severe meéhénical aétion could be major factors in the breakdown of asbestos
"riyers for most brake uéagep Fxamination of the lininpg surfaces reverled *he
présence of aon-Tibrous magnesium‘silicate'in both crystalliné {Forsterite; angd
amorbhoas phaseé. Magﬂesiuq silicate is a thermal degradation product of chrysctile
asbeétos\ Foréterite transformétions hava teen reported to occuf at 600°C
ovér:a-péfiéd of hours. Differentjal thermal analysis (DTA) studies in our
laboratory. indicated t?is transformation occurs within secon&s at §20°C.

-8pecial brake lining f&rmulations.were then prepared end tested
on the giasélVisua}ization\apparatus ard a Friction Assessmént and Screening
. Test-(FAST} machine. {8), Chemical reactions were fouud to take place at the
-friction.interfacééwhich would require » flash tempernture rise of T40°C to
initisie when an eqﬁivelént of 35 MPH (1€ w/s) rubting speed wns used on. the

1

“AST machine. At this same speed melting of inorganic lining additivez and

*

" metel particles confirmed brake flash temperaturss up to 98072,
. P . P
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BRI Based on these Zirdings, it would not appesr surprising for few
asbestos fibers to be emitted from brakes in normal usage. However some

mechanical renoval of fiber appeared possible during the first several brake

applications with rnew linings. Also, high brake temperatures possibly could

1

wegken the organic binders and cause increased fiber emissions.
- t |

IEST PROCEDURES

Comple%e sample collectlon and examination procedures, aleong with

- sample data caleyplations are included as Appendixes I, IX, and III. PRriefly,

the bests were performed as follows: a new Pinto disc breoke assembly was

installed on a single station brake dynamometer in a room which was eleaned
of extranecus asbestos sources, Air fror within the roem was blown throupgh

a Giffuser screen to provide a welocity distribution over ihe brake which

_ approximated that .of vehicle usage. The air stream in fronbt of and benind

the bréﬁe was fampled isokinetically, uéing matched 0.U5 pm filters, holders,

and air pumps. Note the system schematic in Figure 1 and the actual test setup

- in Figure 2. The brake exhaust air was discharged out of the building.

. The first pair of;filtérs were used auring the first 82 burnish
sﬁoﬁ€,_to répresent "Hreakip".ccnditions. . After further burnishing, 2 seccnd
pair of fiiters collected samples during 560 "normal use" brake spplications.
A thirdjéet of filtens then were utilized in a "high temperature use" test of
hl brake stops.

. All brake applications were made from a 40 MPH (18 m/s) eyuivalent

Bpeed, Breakin and normal use tests employed brake torques correspending to

H

one-quarter "g" (4.9 m/s?) deceleration, This torque level was doubled for

the high temperature tests,

Inring tHe normel use procedure, the test filter was located for 20
' " . .
breke zpplicaticus at each of 28_grid locations in the exhaust-duct throat, to

insure a representative.sampling of the air flow cver the brale. This test grid



§

g.&nd-filter may be geen in Figure 3, # central collection site in the test grigd
Al -

was ﬁqed for the "breskin test" end the Tinal "high Lemperature™ test.

Saﬁplés of the three peirs of filters (breakin, normal use, and high

3

temperature usg) were subjected to a clarification process involving low

. ! : * + 0. .. Cy - - - 3 ’
temperature ashing to oxidize &ll crganic material and mechanical action to
" 1 ’ ‘b

separate the particles. This'assures maximuwn detectability of asbestos filber (2).

RESULTS AND DISCUSSION

Transmission electron microscopy at 40,000 magnification was used in

.. the search for fibers. At this megnification the ultimate fibrils appear to be

abofelone millimeter (OfOMG inch) in diameter. Quantity, lengih, and apparent
dlameter measurements prcvided dats for calculstion of asbestos fiber mass per

tnit of filter area. Coupled with dimension, msss, and flew determinations from
5 } *

. the dynamometer tests, this data was used to calculate the emitted asbestos

Al

fiber concentritian in the collected wear dust, in the cocling 2ir strean, and

fram the “brake lining worn. The size disiribution of collected fibers was not

-determined by this method, since the clarification process involved sufficient

mechanical action to reduce-most fiber bundles to the wltimate fibril size.
Additional samoles of the "normal use” test Tilters were exsmined
on the LEM without recourse to the clarification process, in an effort to
L

determine the ssbestoks fiber size distribution. Roughly 10% of the asbestas

fiber was visible on the ﬁackground sample, based on the results from corres-

"pnnding samples after clarification. The largest observed fiber bundle was

0,20 uw in diemeter and over 1.1 um long. A similar direct 1Eit search of the

"normal use" test filter revealed about 2% of the asbestos fibers cbserved after

8

clarification. This'reduced'percentage of visible fiber was attributed to the

greater;éoncentratfon of obsecuring matter in the test filler. However, the

Jlargest observed}ésbestqs fiher_in the test filter (0.13 pm in dismetcr and over

. . r
1.2 um tong) was about bhe same size as was found on bhe hacksoand samnle.
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1

v The similar, low Titer conbent of hoth b:ckground and teost filters precluded

n fiber cize distribution estimute. llowuver, it appeared thal the quantity of
the Larger asbestos fibers on the test lilter was no greater than that of the
. . : |

background. Tilter.

" This suppoerts the observaiion Irom the lining wear visunlizaotion tests

1 H
that. normal brake wear degradcs most of the asbestoz fibers. A brake linins grade
i . ' :

;_5f asbestos sppesrs on the fEM as in Figure 4, Tae fibér burndles are ecmposéd of
stroné, but weakly adhering fibrils of about 0.03 um (roughly 1 microinch)
Aiameﬁe?. Mechanical action causes the larger fivers to "open" into smaller
”fiherg or even fibrils, as illustrated in Figufe 5. Contrast these "raw material"
fibers With ‘one of the lawger fiters (Figure 6) and cne of the more typical
fibriis (Figure‘T) from the "normal use” test filter.

R | " The similnr, low fiber cortent of both background end test Iilters
fequired clarificétion to permit an asbesﬁos‘fiber count, thus providing ore
accurate fiber'méss determinstion, but obscuring the actual fiber sicze dis}ribu-

| ﬁionf Thefefore;uthe calculationé of Tiber concentraticn {Table 1) were expressed
as asbestos mass per unit hais of -lining wear dust and asbestos mass por unit
! mass of Iinfng worn. Asbestoé fiber conceﬂtratién in the meienfmair fhackzround)
end ir the brake'exhau;t cir'(test) was caleouleted in units ¢f nanogroms (lo-gkgrams)

per cubiclmeter of air. However, the actual asbestos- emissions rrom brzke usage

]
i

wdhlé ﬁe diluted subst&ntially through mixihg. The asbestos ceneentrabtion in
'urban air due to brakejusage was estimated, Lased upon existing aulomoifive exheust
lead diluiiop data. Tnese calculstions appear in Appendix I;I.
A1l the test results in Tahle 1 have been revorted as ten times the
tcalcuiaféd test values, %o allow for possitle losses in collection, proczescing,
- and g:ounting. These ‘Va.lU.IES, shierefore, should provide upper bounds for asbectos
emiésionéhfrom b}aké usage, For exsmple, the local {Detroit, Michigan) atmosﬁheric

" asbéstos concentration ranges from 0.5 to 1%.) nznograms per cubic webter. The
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. obberved ‘hatkground asbestos value was 1.9 ne/m>, for the rormal use test,

but is reporved in Table L as 19 ng/m3. The low asbestos emissions from

. f : . Bl
.the test disc brake under “"normal use” conditions is underscored by the

addition of but 13 ngfn® (1.3 ng/m3 observed) in the undiluted exhaust air stream.

THELE 1

ASRESTOS BMISSIONS FROM "KORMAL USE" BRAKING

_;" o Dynamometer  Data for a Production. Disc Brake*

» Background Asbestos in Ambient Ailr <19.x 10 2 g/m’
,Asbestos Fiber from Brake in Exhaust Air <13 x 10 % g/m?
. Total Asbestos Fiber in Exhaus® Air <32 x 107 g/

. TDstimated Brske Asbestos Fiber in Urban Air  <0.07 x 10 ° g/m®

. Asbestos Fiver from Brake ih Airborn Wear

Dust - , <0.05% .
. Asbestos Fiber Released from Lining Wear <0. 02%

* Reported values are 10 times the observed test

values to orovide upper tounds

:
The lining wear rate during the first 82 breakin siops was found

to Be about five times ab0ve4the "normal. use" rate. Asbestos fiber release

dnringzﬁreakiu wag a1so highey, an average sevenfeld increase. However, zince

thé:bréakin wea;'is less. than 1% of'the total lining wear, the iancrease of

enitted asbrstos fiber resulting from this Lemporary sevenfold insrease would

be §50ﬁt 5%;‘wﬁen averaged over the 1ife of the linings.

| Hig$~temperatufe ﬁrake usage =zlso lnereased lining wear rates, in

this care,by a ffactor of eleven. Asbestos fiber emissions increpsed by less

then a faechor cf three. "Frequent vehizle operttion urder such hiyh temperature
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-Enﬂditions would lower lining life to levels far below present averoges.

Héwever, even if all brake wear provided the same fiber emission rate as
. : . ‘ ! Vo ;
fourd in the 'high temperature use tast, the percentage fiter release to the

. i}
atm~sphere would stiil be under C,C0% of the lining wear.
N . “ .

. .. ! . . ‘
! Ihe remaining broke wear was a mixture of non-flbrous organic and

:inorganic matter, Forty-seven percent of the estimated €2 to 77% collectable

wear debris were accounted for by the test filter on the normol use test.

- he remaining 15 to 30% presumably were retained on the lining. edges, the celiper,

spladle, rotor, wheel, and tire. Accurate meesurement of this material was not

possible. due to the =dded re%tentlion of dust from the esmbient air.
: : "

More precise values of brake lining asbestos emissions or the

Aetermination of their particle size distpributions appear possible, for these

Lot }

low fiber concentrations, only bty testing brakes in an dsbestos free atmosphere.

This approach was used in an EPA sponsored study (9), where pre-filtere& air

wag flowed thfpugh sealed brakes at a flow rate greatly reducéd from normal.

CONCLUGICNS

1. AMutomotive brake msage provides a very small emission of asbestos fiber .

" (less then 0.029% of the lining worn).

N

?. - Automotive brakelusage provides a very small astestos fiber invut vo

urban atmospheres (estimated to be below C.0T7 ng/ma).
- Ir . . .

Ll

Intense local heating and Severe local mechanieal action causes the decom-

osition of most asbestos fiber in brake linings during typical usepre.
. . 5 W '



s':.fgﬁ.m FILTER PREPARATION
Micrqporpus meﬁbrahe fil£ers yith 0.45 um pores were silgcted_to assure
higb.retentiqn of’ asbestos fibrils and most of the wesr dust powders. A
. ma%ghed\pair of Gelmon sampling pumps and 35 mm dismeter holders vere used.
, ThiﬁJmetal:cones of 12° iﬁclqde&fangle were fabricated and sealed to the
_;filﬁer entrance. These cones increased the tip entrarce vclécity to that

of thé exhaust air duct so isokinetic sampling could be achieved. The cone

. -tips were carefully matched in size. Flowmeters znd differential preossure

. indicators wére installed in the system to monitor the filter airflow during
each test and to set the tip entrénce'velocity before each test,
. Tests were ;erformed on thé unused filters to determine their
wéight change with variation' of humidity, , Filter weights were measured on
_“; miercbalancs toﬁthe nedrest 10 micrograms, Tilters were placed in the
centefﬁqf the designated exhaust duct grid‘and at s fixed position upstréam of’
thq brake, but below the diffuser screen, This latter { background) filter was
v ‘jloeated where'tﬁé upstream.aif veloeity egualled the averzge over the fest grid.

In this way the sempling was isokinetic with essentislly equal volure flows
through both filters.i '
TEST PRGCEDURE
AL brake'%tops vere conducted from the same speed egujvalent
- (4o MPH, or 18 m,S)_t? maintain fixed air flow conditions. Burnish and

"normal use" brake applications were at 0.25 "g" (2.L5 w/s?) deceleraticn

and with » two minute time interval, This . provided » peax rotor temperature

- of 180°C (350°F)., ‘fhe rumber of braxe apolicetions were -selected to provide
- about one garam of-iining wear per test,

Preakin wear was monilored for the first &2 stops. DNo sanmpling

. was perfdrmed fox ahout 200 more brake applications, while the Llinicgs and

rrtrmr Aowvatrnad AfnAawES ST oo -
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The "normal use" test was Lhen perforiwed on this hurniched
Bfake'assembly. - Bwenty brake applicalions were madec under the s?mg conditions,

with the test filter located seguentially a% each of the twenty-eight grid
4

locytions. The filter cone entrance velocity was adjusted to match the grid
) : A ;

yeloeity at each relocation..! Four grids were nsed to monitor exhaust veloeity.

‘ 131ight adjustments were sometimes required to compensate for drift which

appeared to be éxternal wind initiated,

.g third test was performed to provide an estimate of the fiber
emiééions from a hot brake aséthly. As in the breakip test, the test [ilter
waé Positioned in a ce?tral loca%ion for this procedurc., Thirty-one stops
‘were mzde at 0.5 “g" (#.9 m/s2) and‘minimﬁl time interval until the rotor

atbained 410°C (zTO°F}. This tempereture:.was then maintained by adjusting

. the application time interval. Ten zdditionzl stops were made as the brake

\

was ailowed to. cool,
Ali:filter:weight'determipationé were performed at equilibrium
cpnditiona aﬁ& then corrected f9r humidity, After use, the lillers were
.indi@idually stored in covered élass containers. Lining weights were taken
af#ér_remo§al of weai debris but before they had cooled ccmpletely, to '

‘minimizne weight changes from water =bsorption. Between tests the lirings were
. i .
stéred in s dry jar.!

The relevant test data are included in tne following tacle. A
T :

alight pad érag caused the outboard lining to wear avove cxpectations on the

"normal use” test. Since this added work was not included in the lining wear

rate calculations, the specific wear i35 above the usual range for this lirine.
No sdverse effect on the test results would be expected to have resulted {rom
this drag. Similar pad drag effects may oczur eon cars, when smooth road

conditionhe prevant "pad knockback."
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N

Test,

Nreakin

Hormnl. tne

I Temperature U

_Braké Speed, REM .

Breke, pecel, "g"
Wheel Load, kg

Brake Applicaﬁions

‘Total Energy, kW-h

Max. fpply Temp, °C

Total lining Wear, g

-Iining Wear Rate, g/kW-h

535 (b0 MPH)

0.25 {2.45 m/52)
257 (567 1b)

8o

0.9%8 (1.25 hp-hr
115 (240°F)

1,10

. 3
- in
1,17 {0.0fil Hﬁrhr

)

)

535 (40 MPif)

0.25 (2,45 n/s®)

257 {567 1)

560

6.405 (B.54

'115 (240°F)

1.60

©.25 {0,011

hp-hr

in?
hp-nr

)

)

535 (L0 WMPIH)

.50 (k.9

9 m/s®)

257 (567 1b)

i1

0.469 {0.625 hp-t

4310 (770°F)

1.07

2.28 (0.100

in?
hp-hrx
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I '
SAMPLE EXAMINATION

PREPARATION AND' EXAMINATION OF ASBESTOS CAREYING SAMPLES FROM TEST FILTERS® -

1.

4

for a period of five minutes.

A1l slides, diches, scalpels, and other utensils used in the following

p;epérationS:were cleaned in ﬁcetbne, followed by rinse in 200 proof

' @thahol.

. An area of measured dimension was selected at random from Lhe test fliter,

* cut end placed particle side down on b clean glass slide.

v Several drops of acetone were placed on the fil%er segment to partially

dissolve and secure it fo the plate.

The samples were ashed for a peried of two hours by using a low temperziure

asher at a chambet pressure of C.5 torr {70 Pa) oxygen znd power cf

| POC watts.

Several drops of a 1% solution of nitro-cellulose in amyl acetale were

+ placed on the'reéidue,‘and a clean waich glass was used to grind the mixture

A sedond clean glass dlide was then placed over the mixture of nitrc-cellulose
and residue, and & "emear" obtained by pressing the two slides together sand

then sliding them apatt.

The films thus formed jwere permitted to dry and then removed by scoring the

edge of the slide with a scalpel and "floating” the Tilm free frow the slide-

in ¢ distilled water bath., Tt was found that the film wes most easily removed

. from the slide introduced in Step 6.

*Sample preparation techniques outlined below ore similar to those
reported by Selikoff, et sl. in Reference 2.
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"8,  Apvroximately 10 -el. .tron microscer: grids (5 mm, (ioder grids)
were placed at random on the oating film, and the film was liffed by
putting a clean slide on tow of the film and drawing the slide down through
. . . , O .

. L [}
the water so 2s to trep the grids belween the slide and the film {(which

-—

srould now cling to the slide).

1 - |
|

2 . 9; A carbon layer of approxiﬁétely 0,06 um wos deposited on the film to

| ‘urevenﬁ charging duriné examiﬁaticn in the tranSmiésion electron microécope {1=M
Direct examination specimens were prepared by depositing a carbon

layer on the-dust side of the test filter and diszolving Lhe filler in rcetone,

Electron microscope prids were used, both to support the sample and to provide

grid Yocation reference mmarks,

TEM FXAMINATICN AND COUNTING SROCEDURES
. " ' 1 ' : ‘

r . ‘ Appzcximately ten electron microscope grids were prepared for £acn
_H- ‘ of the five filter sarples analyzed. Four prids were arbitrarily selected

. 1
from esch sample and two grid squares on each grid were sconned Ior asbestos.

¢ * The individual. grid squares are approximately 90 pm on eaclh side end were
o ; - \ . ' .
;i exsmined at a TEM magnification of about 40,000. Tor each grid area scanned,
i : : o

photographs were taken wherc possible of the first, last, and one randonmly
. . { .
v chosen fibril for the rurpose of determining an average [ibril dismeter accurately.

K . -

?. " . Measuremenis were thep mede visually; that is each fibril, fiber, or astestos
H . ) . |
i

~bundle was compared toe known calibration marks on the electron miecroscope Screen

Ti to estimate bhe 1eng'tfm, The length could be estimated to within 20%, as
déte:midéd Ly the photographic meusurements; The marks on the sereen ore 2,5 cm

\ :

il apart ‘corresponding to 0.125 um vhen a magnification of 40,000 {s used.

v :' i ‘j This approach was.tasken because it was impractical fo photograph all the fibrils

and, Turthermore, lenglh measuremcuis were not as critical as diameter measure-

" 1 .. . .
T ments in determining fiber voluwne. Where both neasuremerni methods were used,
1. . . .

the values providing the greatest indicated brake asbestdn levels were cnogen.
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ASBE§ 8 CONCELNIFATICN ON FILTERS

.Iggggig . Somple Identification Concentration (ngé/cm2 of filter)

e o ; Test~ﬁormal stop-new brakes , 15.32
. R, . ?Backgfound Tfor A ’ . ©1.06
' o o Tést~no£mal stop-burnished brakes 7.98
..1 D ' ‘Background for C : ' ' 4.6

_’E fest~high tunpersture
stop-burnished braokes . 5.7

P " Background for E - not usad,

insufficient semple

- , Blank. - Fnused filter 0.33%

From photographic measurements of 120 chrysotile-fibrils, the. asbestos
{3bril avérage dismeder was deferminea to be b.Oj}T km with distritutions

' similqr to that observed bty other ﬁérkers {10}, From U5 fibrils of triple jet-
milled chr?gotiierthe average diameter was determined to be 0.C316 um with

y o ~tandard deviation of 0., 0063 km.

ASBESTOS IDEKTIFICATION
Asbestos can tp identified in the transmissior electron miercscope

in one ‘of two wa&s. -The first and absolute methed is hy electron diffreaciion.
. .
{

w

_ Bueh & diffraction pattegrn is presented as Figure 8. Measuremeni of diareters

and correlation of these measurements with a known stardard gives the interplanar
o ’ T . :
spaeings of. the material, Comperison of these spacings with the ASTM fiie

‘identifics the material as clino-chrysotile (asbestoc),
: The second.method of identification is by appenrance. ¥igure 9&
B r;presénts_an image of ashestos obtained in the TEM, Fine lemellae are
obéervéd within the fibril which are parallel to the long axis. This appearance
iﬁlckaracté;istic Q£ chrysotile asbestos fibrils. Because of the nature of the

“

electron beam, radiztion ond heat damase can ocouy in Lhe material morkedly
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1 changer in asbestes are represenfed in Figure Jb,

the fibril of Figure 9a has been chgngcd to a ' . o '

[y i

ta and calculated

. Temp Use | Calculation
185 Brerd Yasis
S6lt| 0.56] Measured
27 0.00 Measured
AT 0,12%] Measured
.53 0.33 Measured
62 | 9.62 | Messured
487 ] 1omd T(2)-()1 = (5)
.96 | 1.90% (6) ¢ (1)
.1 a(T)
7.h (8) x (1}
235 Frem Meas.
L0586 (g) » (10}
o70 Measured
.C055% (11) + {12) x 1cC
2T E 6(2)
33 (10} x (14)
1. 018% (11} + (15) x 100
SARES (15) + (12) =z 1C2

te insufficient sample
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. ELTfMATION OF BRAKE LINING ASBESTOS DILUTION IH JRBAN ATMOSFHERE

Thélconcentration of asbestos fiber from the Ereke lining wear debris
is'aséumed %d be the same as was found in the "normal usage; dynamometer test
aﬁd to be-iispefsed ;ﬁg have the:same residence times as thé iead emitted from
the e;gine. Assume anlavefag; mileage of 15‘MPG from cars which emit 5% of
;he lead to the,dtmosPheré. |

‘When gasoline averagéd 2.52 grams of lead per gallon, the fypical
leadfconcenfratiOns in urban atmospheres were about 2 ng/m> (JAICA, Sep. 109,
19, p. 684). Typicsl U, S, cars wear 202 grams of lining per year and drive
}0,0GC miles pef year. ! The "normal use'" dynsmometer tesls provided asbestos
fiber amowriing to 0.0023% (2.3 x 107%) of the brake lining worn,

AMlowimy a factor of ted to pro&ide an upper tound in this delermina-
fion,.the.asbesto§ concentration in urban gtmosphéres from brake wear should be
jess than

0 —ey 202 5 N\ 2 ng P/ (asuee)] 0.07 ng
o 10 (23 x 1075) (2024 or
o il \10,090 i L2 5o BB g Fb (.75)

Urban atmo»pheles vary in asbeotou fiber conecentration frem eity to
éita,'within.a city,fand frOm one time to another. This varigtion does not
correlame with exnec?ed automobile- hrake usage. The concentration has been
renorted to reach 100 —% ng (2\ Thus it eppears that the wear of brake lining
produces, et most alsmall fraction of the asbesios [iber in-urban air. This

_Is not & urprlslng when one ccnélderé that brake lining wear involves only 1.5%

~of -J.. 8. asbestos usage and that brake usage converts over 09.9% of this to
B : £ 7

non=-fibrous dust.
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a, - _ CALCULATIONS Q% «JLLECTION FFFICIENCY

LINING COMPOSTTION ESTIMATE FROM LABORATORY ANALYSIS

[ ) [

5105 © 16.3%\
LoMgo, 1T.8 y
o Fegda 2.5 i Chrysotile Asbestos “+2,47%
‘ Alz03 . 0.3 ‘ |
HaQ 5.5
CaCosg 15.4
Zn 3.9
Organic . _38.3
Total -~ 100.0% i
. : .

WEAR DEBRIS ESTIMATF

" Decomposed. fsbestos 35.9ﬁ.
Decomposed Limestone o 8.6%.
Zinc ﬁetal ) . 3.9%
- Inorganic : hq i,
Comawie |
| Volatile ' 10.5%
ﬁncertain T 15.7%
Low Volatility | 12, 1%
'- _'Organic 0011ectap1¢' ' 12,1% to 27.8%
fotal Collectable . 61.5% to 77.2%
; " Collected on Filter h7eh

Collectable Material

et brapred by TTber

W58 £o 30,090

2
i
-
[}
i
+

. : - - “t - I
¥ .J-Tﬂi.‘: -':.'\-‘ t‘-l’);sl r-\--( B ""."":f' A NOTEEE
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Figuré:l Dynamometer test schematic.
‘ figurg 2 Dyﬁﬁmoﬁeter test setup.

,Figﬁré 3 Vi;w*of brake assembly and test‘grid;

}igurg h. TRM imege of chrysotil; asbestos fibers.
‘“;igufelﬁ TEM image of vartislly opened fiber bundles.
‘Eigufe 6 TEM image of fiber bundle on '"normal use” filter.
Figuré T TEM image of fibril on "normal use” filter.

Figure 8  TEM electronidiffration pattern of chrysotile fibril.

Figure 9a,b TEM image of fitril before (a) and after (b) electron beem duvage.

i . )

e
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