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Ford Motor Company

Nov. 1970 documents refer to Ford efforts to substitute 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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Environmental Contro! Department

"Research & tngineerlng Center

November 17, 1970

W. P. O'Reilly ~ Clevetand Dist. Off.

cc: A. C. Smith
N. W. Hendry - Asbestos 1500
H., M. Ball ~ GHQ
W. P. Raines - GHQ
H. G. Donovan
J. Goldtield
File & C

FORD MOTOR COMPANY
PLYMOUTH, MICHIGAN
YOUR LETTER OF NOVEMBER !3, 1970

| contacted Dr. George Bauer today In accordance wlth your request. He
told me that Ford was greatly concerned wlth the health hazards related
to asbestos fiber usage and that he had been looking for substitute
materials. He further stated that his search had convinced him that
other materials were equally, it not more, hazardous than asbestos

fiber and that Instead of using a substitute, they should improve the
dust control at their operations. He asked if anyone from Johns-Manville
coutd visit thelr plant and advise them on dust control procedures.

| informed Dr. Bauer that J. Goldfield and ! expected to be in the

Detroit-Toledo area sometime within the next two weeks and would visit

their plant fo review the problem with him and Mr. Leonard Evans, thelr
Plant Englresr,

@) ,
ééfiﬂz/
E. M. Fénner

EMF /ems
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Cleveland Office

November 13, 1970 ,
fooy 1 9

E.M. Fenner - Finderne

cc: N.W, Hendry -~ Asbestos v . ,
H.M. Ball - GHQ o
H.G. Donovan, Research -
W.P. Raineg ~ GHQ
File ’

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

This plant manufactures the Heaters and Air Conditioners for all
Ford vehicles and the housing for these units is a molded poly~
ester premix compound. For the past three years they have pur-

chased from us in excess of 2000 tons of Asbestos Fiber grade
7T15.

Last month we heard through Dr, George 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
on the subject, we, rather than he, should approach Ford about it.
Last week, on the 5th of November, Noel Hendry and I visited there
and brought up the matter with our contacts 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 Woel is

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

Now, on November 1lth, Dr. Bauer has contacted our distributor
(Mr. John Hastings of International Fibers) asking that someone
from the J-M Environmental Control Department telephone him to
discuss recommended asbestos dust levels. Thelr LCD feels the
asbestos dust in their operation exceeds the allowable limits and
if so, they wish to know how to reduce the dust. PDr. Bauer stated
a dust level of 2 fihers per cc, which I think is a little low.

At any rate, may I supggest that you or someonc in your proup tcle-
phone Dr. George Bauer at Ford in Plymouth, Michigan (Phone (313)
445-0600) to discuss allowable asbestos dust levels? Then would

vou kindly drop a note to Noel Hendry and me informing us of what
transpired?
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ASﬁESTOS‘EkISSIONS_FROM BRAXE DYNAMOMETER TESTS

Sw.

‘ B (I ///
P unarch & Dovelopmont Center - ( 2] A

A. E. ‘Anderson, R. L. Gealer, R. C. McCane and J. W. Spys,
Scientific Research Staff, Ford Motor Company.

(Preqcntcd at the, 19/3 GAF'Natlonal AuLomotho LnglnLerlnq
M0ﬂ11wg, Detroit, May 16, 1973)

SUMMARY by J..W. Axelson’

. Dynamometey tests were made with a production disc Dbrake and

all: airborne wear particles werce collected on 0.45 um filters.
Ashéstos fibers were dcotected and measurced by the usce of
transmission electron microscopy at 40,000X and positive identi-
fication was made by elcctron diffraction., Most of the lining

casbgstos (99.95 pgreent) was found to be converted to a non-

:fibrous material by the high flash temperatures of the braking

surface.. Brake flash tomperatureq as high as 980C have becen
o%servcd on a test macliine.

© Thay octnmate that ahouL 28 000 Lons of ashestos are used

each year by the friction matorla]s industry in the
U.s5. (J~-M estimates about 45,000 tons). Less than half ofs

~this, or 12,000 tons, is estimated;to wean away.

?hfoughout the paper thoey use. a safety factor of 10 to make

w sure they are Latlnq maximunn quantitics. For instance, thay

found Lhat'onlv 0.0023 percent of the lining wear was releascd
as ashestos flern, but state this figure as less than 0.02

“percent. Likewise, the concentration of asbestos fibers in

10T ? gms per cu mecter but was reported as 10 times that or

the atmosphere fyom brake usage was calculated as 0.007 x

AY

£ 0.07 % 1079 gms per cu meter.

¥

~

deme[of the pertlinent data are given in the following table.
These are actual values without multiplying by the factor of
+ 10 as they did;ir the paper.

Background asbestos in ambient test airx

1.9 x 1077 /m
'Asbestos, fiber from-brake in exhaust air 1.3 x 10 9 g/m
"Total asbestos fiber in exhaust air 3.2 J/h~ )
sulimated blaku'asbestos in urban air* 0.007 x ]0 g/m3
Ashestos fiber from brake in airborn wear
dust ' 0.005 porccnt
Asbestos fiboy released from lining wear 0.0023 percent

*Extrapolatedffrom data on residence times for lead particles.
L] 't, :

¥

L A . ' | ' .
_,:-gJ(‘;f S



_ 1. M. Fenner -t4 North
F. J. Solon - 1 West’

) - . : . ) '4‘ \
+ "May. 22, 1973 | v
- Ruge 2
‘Asbestos EmiSéions from Brake Dyhamometér Tests L
. - A

) . N 3 : . . .
Local Detroit atmospheric concentration ranges from 0.5 to

lB.lfxﬂlofg agms per cu metor so the calculated value of
0.007 x 10-9 gms per cy, meter is only a minor fraction

of normal conditions accruing from all sources including
natural weathering of: asbestos-bearing rock and soil, mining,

“farming and.cxcavating. This leads to their final conclusion

"Based on this upper bound, the use of brakes was judged to
be not significant as a source of atmospheric asbestos".

.
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J. .R. M, Hutcheson - Asbestos

N. W. Hendry - 3 West '

H., G. Donovan - 3 West .

W. C. Streid -~ R&D Ctr
S. Speil - R&D Ctr
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i P SHESTOS. FMTSSTONS FROM BRAKE
| | | ;DYNAMOMETER TESTs
- | 1 | by‘
| . Al ﬁ.éAndér§on, R. L. Gealer, R. C. MéCune, J. W. Sprys

!‘SdiéntifiEAResearch Staff, Ford Motor Company, Dearborn, Michigan 48121
R | ‘) -
ABSTRACT
Dyhamometer tests -of a production disc brake provided new information

on asbestos fiber emissions during breakin, normal use, and high temperature

ase conditions. Bath éhbient air and brake cooling air were sampled isokinetically,

using 0.U5 um filters. Examination of test and background filters required a-
'v“élarification pro%eSs to.maximize‘fiber detectability, the use of transmission
electron microscopy (at 40,000 X) for deteetion, and electron diffractiop for

‘positive jdentification of asbestos fibers.’ Most of the lining asbestos was

’

. .found to be converted to a non-fibrous material by the high flash temperatures

N

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

asbestog fibers, ‘Th% concentration of asbestos fibers in the urban atmosphere,
. M \
[ .

(dué-to brake usage, was conservatively estimated at less than 0.07 x 1272
) : .
. grams per cubic meter.  Based on this upper bound, the use of brakes was

 Jadged to be not significant as a source of atmospheric asbestos.
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~ INTRODUCTION

Asbestos has been a ~major constituent of automotive friction

naterlals for, more than 50 yearu. It is.used %o impart Strength,\flexibility,

'and heat re31stance to a brake lining and to enhance friction and wear proper-

4
tles«, Most, present brake llnlngs use resin or rubber binders and chrysotile-

asbesto f together w1th organih and inorganic friction modifiers and fillers.

..The asbestou content varies with formulation, from a 1ow of 25% to about 659
‘ by weight. Minimum asbestos levels are found in some high performance
-Enropqan disc brake linings which are highly filled with metals and ‘inorgonic

~ .constituents. Brake linings in the U. S. average about 50% asbeslos contenl.

(T30 ¥kg)

Of a total U, 3. znnual asbestos consumption of 800,000 tons{, about
(25 Mg) * B

28 000 ton&iof chrysotlle asbestos are purchased annually for friction wmaterials

'

0¢ nll types (1). ‘Of t?ls, 1t)has been cakculated that brake lining wear
11 Mkg

- consumes about 12 OOO ton@iof asbestos per vear. Roughly an equal amount

1

remains on brake shoes at the time of replacement or is manufacturing wastage.

> Recent tests have shown that densely populated urbun atmospheres

often contain 31gn1f1cantly hlgher asbestos concentrations than surrounding

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

. , e , .
natural weathering of asbestids-bearing rock and seil, as well as frowm mining,
fhrming,\and excavéting. The generally higher urban coacentrations suvgest

o, . e
commercial and industrial sources. Brake lining and clutch facing wear was

. suggested by Thomson (?) as a possible source for higher asbestos levels in

‘th= urban atmosphere

Lynch (4), in a study undertaken by the Public Health Service,

freported the flndlngs of several brake dynamometer and frlctlon machine

tests in.which wear debrlu was trapped on a flltcr and subuequently examined

by means;of a transm1551on electron microscope (TEM). He concluded
Y, -

v
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théf\ﬁiéée fibers-from brakglliningbweﬁr neem to be an inconsequential henlth
facﬁéi in urban air pollution." Lynch deﬁected no free fiber from an automobile
A fclutchﬂ;nd a bus .drum bfake, but socme free fibers were found in one test of an
ekperimg@tai disé %rake;” )
~1 With ﬁpunting céncern over air quality in géneral, and asbestoé

pqliutibn in particular, this study was initisted in 1970 to provide additional

~ “lata on the asbestos emissions from disc brakes.
OBSERVAT.ONS OF LINING WEAR

The near absence of free asbestos fiber from lining wear has been
: ! ‘ ¥ )
- reported by Luxon (5) using X-ray diffraction and by Lynch (}) using the TEM
.(tranﬁﬁission electron microscope). Several authors have suggésted that
. ‘ ‘ . X

interfacial temperatu?es during braking could be high enough to decoumpose

the chrysotile asbestos into non-fibrous thermal degradation products, Ana-

lytica} reiaﬁionships exist which permit calculation of interfacial tempera-

,ulﬁs EG). Howeve?; several of ﬁhe significant parameters are difficult to
deﬁerﬁiﬁe accurately fbr heterogene&ﬁs materials such as brake linimps. The
 éSbesf6s'crgdes’(lafger fiber ?undles) were caiculated to reach their rapid '
decqmpoéition temﬁefature duriﬁgAnormal braking at speeds above 56 MPH

S Y ‘

(5 m/s) gsaah upper bound value and above 18 MPH (8 m/s) as 2 lower bound

Avalue. An experimental approdch was undertaken to provide closer bounds.

| - Ad@ed insightbfnfo the thermal decoﬁposition of‘asbestosbfibers

" sn bfékenliﬁing wéﬁr was attempted by direcﬁ visualization &f the frictional
pnoéess;  A small laﬁorator& friction’test machine was constructed using a thermal
"shoék résistant (Vyco;).glasé rutbing surface (replacing the conventional cast
iréﬁ) in which the friction interface was directly viewed with » low power (YeSOX)‘
binbéular~ﬁi&roscopef(7). Scaled rubbing velocities were uced to compensate for .

b

the phermophysical property differences between the glass and cast iron.
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“3n
‘1
s Moderate scaled velocities, roughly equiﬁalent to 12 MPH (5 m/s ),
‘pf6Vided a view'cf.intermiétenfly incandescent asbestos crudes. During the
. y .
ihitiil'burnisﬂing opération resinous material sgrrounding thcse asbestos
érude%;waé opsef%ed to pyrolize, producing microbeads of condensation
R ; D )

products around the crude. These organic products of resin degradation and

.the'apparently powdered asbeslos decomposition products were seen to smear -

. “into,platelgts, often of such size as to be discernible to the unaided eye.

At higher rubbing velocities (over 30 MPH, or 151n/8) the platelets’

;,formed“a surface char layer under the action of more severe thermal and
mechﬁnical action., The %érger asbestos crudes then could be seen to glow
with'aéparent depth and for greater time dufations, often se?eral seconds,

!‘ | : The actual brake.liﬁing contact area was only a few percent of the total
_évgilable surface,fwith contact spots moving in a random manne: with time. rfrom

these ffiction,visualiZation studies it éppéared that local flash temperaﬁures
and:Severe meéhépical aétion could be major'factors in the breakdown of asbestos
"fipeys for mosffbrake uéage“ Examination of the lining surfaces revenled the
présehce»of non-Tibrous magnesium'silicéterin both crystalliné (Forsterite: and
amorihqus phéses. Magﬁesium silicate is a thermal degradation product of chrysotile

‘aSbeétosw Forsterite transformations have been reported to occur at 600°C
1

.

oyer;a,périod of hours. Differential thermal analysis (DTA) studies in our

’ laboratory. indicated t?is Eransforﬁation occurs within seconds at 820°C.

-Special brake lining fbrmulations‘were then prepared and tested
on the glass'visua;ization apparatus and a Friction Assessmeni and Screening

- Test (FAST) machine.(8). Chemical reactions were found to take place at the

N

friction(interfacéiwhich would require a flash temperature rise of T40°C to

initiatepwhen an equivelent of 35 MPH (16 m/s) rubbing speed wzs used on. the
. H M . . . ) .
FAST machine, At;this same speed melting. of inorganic lining additives .and

[}

* metal pafticles confirmed'brake flash temperatures up to 9807°C,
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BN Based on these findings, it would not appesr surprising for few

ashestos fibers to be emitted from brakes in normal usage. However some

‘mechqhical’removal of fiber appesred possible during the first se%eral brake

applications with neq_linings. Also, high brake temperatures possibly could

weaken the organic Yinders and cause increased Tiber emissions.
. . | S

‘TEST PROCEDURES

Complefe sample collection and examinationlbrocedures, aleng with

sample data calculations are included as Appendixes I, II, and III. Rriefly,

. _the tests were performed as follows: a new Pinto disc breke assembly was

installed on a single station brake dynamometer in a room which was cleaned

of extraneous asbestos sources. Air from within the room was blown through
L ' s ' . . Y >.~ 2 Ty A

a diffuser screen to provide a velocity distribution over the brake which

. . N 1 [ \ A

_ approximated that .of vehicle usage. The air stream in front of and behind

the bréke was sampled isokinetically, using matched 0.45 um filters, holders,

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

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

The first pair of;filtérs were used during the Tirst 82 burnish

stops, to reprecsent "Yreakin" cenditions. . After further burnishing, a second
Tops, T ;

: paif'ofwfiltefs.collected samples during 560 "normal use' brake aprlications.

Coa

A third set of filtenk then were utilized in a "high temperature use" test of

4l brake stops.
: ; | ‘ ,
.. A1l brake applications were made from a 4O MPH (18 m/s} equivalent

,speed.“Breakin-énd normal use tests employed brake torques corresponding to
. one-quarter "g" (4.9 m/s2) deceleration, This torque level was doubled for

: the high temperatire tests,

During the normal use prdcedure, the test filter was located for 20

'brake'applicatioﬁs at ‘each of 28_grid‘locations in the exhaust duet throat, to

* insure a representative.sampling of the air flow over the brake, This test grid
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:,andﬁfilter may be Seen in Figure 3., A central collection site in the test grid
N 3

was ﬁqed for the "breakin test” and the final "hirh temperature" test.

Saﬁplés of the three pairs of filters (breakin, normal lse, and high

- temperature usg) were subjected to a clarification process involving low

temperature ashing to oxidize alll organic material and mechanical action to
Sl . y .

“Separate the particles. This.assures maximum detectability of asbestos fiber (2).

L

RESULTS AND DISCUSSION

Transmission electron microscopy at 40,000 magnification was used in

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

above one millimeter (O;Oho inch) in dismeter. Quantity, length, and apparent

diameter measurements provided date for calculation of asbestos fiber mass per

tnit of filter area., Coupled with dimension, mass, and flow determinations from
L } ’

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

. . . Y
fiber concentrétion in the collected wear dust, in the cooling air stream, and

fram the*brakel;ining worn, The size distribution of collected fibers was not

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

mechanicalvactioﬁ to reduce-most fiber bundles to the ultimate fibril size.

Additional famples of the "normal use" test filters were examined

~ on the TEM without recourse to the clarification process, in an effort to
o '

detérmine the asbestoks fiber size distribution. Roughly 10% of the asbestos

fiber was»viSible on ?he Background sample, based on the results from correé-

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

0.20 pn in diameter and over 1.1 um long. A similar direct TEM search of the

¥

"normaf use" test filter revealed about 2% of the asbestos fibers observed after

by

- clarification. This‘reduqed'percentage of visible fiber was attributed to the

greéter;¢oncentratfon of obscuring matter in the test filter, However, the

) .

largest observed;hsbestqs fiber in the test filter (0.13 um in diameter and over

© 1.2 um long) was about the same size as was found on the backgﬁund sample.
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B . I i
The ﬁiqilar, low fiber content of both brekground and test filters precluded

AY k3

a fiber';ize distribution estimute, However, it appearcd that the quantity of

the larger asbeStOs‘fibers on the test filter was no greatbr than that of the
| .

: backgféundafiitér,

This supports the observation from the lining wear visualization tests

P | . _
thgt.normal brake‘wear degrades most of the asbestos fibers. A brake liniug grade
. ‘ . z ‘

.Adf asbestos sppears on the TEM as in Figuré ., The fiber btundles are composéd of
- stroné, but weakly adhering fibrils of about 0.03 um (roughly 1 microinch)
‘diameter. Mechanical action causes the larger fibers to "open" into smaller

‘fibers or even fibrils, as illustrated in Figure 5. Contrast these "raw material

fibers with one of the larger fibers (Figure.6) and one of the more typical
fibriis (Figure'T) from the "nprmal use"” test filter.

ot | - The similnr, low fiber corrtent of both background 2nd test filters
fequiredAclarification to permit an asbestbs:fiber count, thus providing more
accurate fiber'm&ss determination, but obscuring the octual riber size di;tribu—
pion: The;eforg;nthe cdlculationé of fiber concentration (Table 1) were expressed

as asbestos mass per unit mass of -lining wear dust and asbestos mass per unit

mass of lining worn. Asbestos fiber concentration in tne ambient air (background)

and ir the breke exhaust air'(test) was calculated in units of nanograms (lo-g‘grams)

per cubicimeter of air. However, the actual asbestos-enissions from brake usage
- ’ J .
would be diluted substentially through mixing. The asbestos cencentration in

urban air due to brakejusage was estimated, based upon existing automotive exhaust

lead diluﬁiog data. ’These,calculations appear in Appendix III.

b A11 the test results in Table 1 have been reported as ten times the

. calculated test values, to allow for. possible losses in collection, processing,

~and counting. These values, therefore, should provide upper bounds for asbestos

gm{ssionéhfrom brake usage. For example, the local (Detreit, Michigan) atmospheric

" asbestos. concentration ranges from 0.5 to 1%.4 nanograms per cubic mcter., The
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\
\ ob‘erved'hq-kground asbestos vulue was- 1. 9 nr/m3, for the normal use test,

but is reporved in Table 1 as 19 ng/m>. The low asbestos emissions from
. : : . " . : Y
.the test disc. brake under "normal use" conditionz is underscorecd by the
eddition of but 13 ngfm® (1,3 ng/m3 observed) in the undiluted exhaust air stream.
3

. B t . “ .

v

TABLE 1

ASRESTOS EMISSTONS FROM "NORMAL' USE" BRAKING

,';" o Dynamometer  Data for a Production Disc Brake¥

. Background Asbestos in Ambient Air <19.x 107° g/m®
-+ ,Asbestos Fiber frem Brake in Exhaust Air <13 x 102 g/m?
. Total Asbestos Fiber in Exhaust Air - <32 x 1079 g/m®

. Estimated Brake Asbestos Fiber in Urban Air <0.07 x 107° g/m3
. Asbestos Fiber from.Brake in Airbqfn Wear
Dust - | f | <0.05%
- Asbestes'Fiber Released .from ﬁining Wear <0, 02%
* Reported values are 10 times the observed test
; ‘ .. values to provide upper bounds
B . } : ' Y
The dning weaf rate during the first 82 breakin stops was found
to te about'fiQe times aboveathe "normal use" rate. Asbestos fiber release
«duiing'breakin was also highep, an average sevenfold increase. However, since
therbreekin-Wea; is less. than 1% of'the totel lining wear, the increase of
eaitted’ asbrbtos fiber resulting from this temporary sevenfold increase would
be about 3m; when averaged over the life of the llnlngS.
H1gh~temperature brake usage 2lso increased lining wear rates, in

this care by a factor of eleven. Asbestos fiber emissions incressed by less

then a factor cf three. 'Frequent vehicle operation under such hiith temperature
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"éonditions would lower lining life to levels far below present averages.

'dewever,_even if all brake wear provided the same fiber emission rate as

\

‘Vfouﬁd4in the 'high temperature use test, the percentage fiber release to the

E i :
atmosphere would still be under 0.06% of the lining wear.

!

: L) ) - s . .
1 IThe remaining brake wear was a mixture of non-fibrous organic and

Vinorganic matter, Forty-seven percent of the estimated 62 to 77% collectable

wear debr;s weré accounted for by the test filter on the normal use test, -

* ~The remaining 15 to 30% presumably were retained on the lining. edges, the caliper,

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

possible, due to the added retention of dust from the smbient snir.
. : ’ }

- More precise values of brake lining asbestos emissions or the

determination of their particle size distributions appear possible, for these

L i

low fiber concentfations; only by testing brakes in an asbestos free atmosphere.

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

was {lowed thfpugh sealed brekes al a flow rate greatly reduced from normal,

CONCLUSIONS

1.  Automotive brake usage provides a very small emission of asbestos fiber ,
. . - ’ t .

" (less than 0.02% of the lining worn).
}

«

2. - Automotive brakelusage provides a very small asbestos fiber inout %o

urban atmospheres (estimated to be below O.0T ng/m3).

2. Intense local heating and severe local mechanical action causes the decom-

position of most asbestos fiber in brake linings during typical usage.
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7 PiLE FILTER PRFPARATION
Microporous membrane flléers w1th 0.45. pum pores were s%lected to nssure
hig} retent1dn of asbestos flbrlls and most of the weur dust powders. A
, o matched pazr of Gelman sampling pumps and 35 mm diameter holders were used.
; Thln Jnetal cones of 12° 1nclude&’angle were fabricated and sealed to the
“filter entrance. These cones increased the tip entrarice velocxty to that
of the exhaust air duct so isokinetic sampling could be achieved. ‘The cone
.  ﬁips were carefully matched in size. Flowmeters and differentigl pressure
- indiéators wére installed in the system to monitor the filter airflow during
each test and to set the tip entrﬁnce.velocity before each test.
. Tests were gerformed on thé unused filters to determine their
weight change with»Variationrof humidity. , Filter weights were measured on
‘“; microbalance tofthe nearest 10 micrograms., Filters were placed in the
center of the designated exhaust duct gfia.and at a fixed position upstré&m of
uhe brake, but below the dlffﬂo&” screen. This latter (background) filter was
. Jocated where the upstream air veloc1ty equalled the average over the test grid.

In thls way the sampllng was 1sok1net1c w1th essentially equal volume flows

through both filters. ] ‘ . ‘

_ TEST PR%CEDURE
Allvbrake‘%tops were conducted from the sémé speed equivalent
(#O MPH, or l8.m/S) to maintain fixed air flow conditions. Burnish and
normal use" brake appllcatlono were at 0.25 "g" (2.45 m/s®) deceleration
and w1th.a two minute time 1nterval .This.provided e peak rotor temperature
" of 180°C (350 F), The number of brake spplications were selected to provide
f}gbout one gram of iihing wear per test.
' Breakin;wear was ﬁqnitofed for the first 82 stops.k No sanpling
_vWasbperfd¥med fo#?about 200 more brake applications, while the linings and

"rotdr developed essentisliy steady-state conditions.
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o The "normal use" test was then performed on this burnished

bfakebassemblyg - Twenty brake applications were made under the s?mg conditions,

© with the test filter located sequentially at each of the twenty-eight grid
. K] )
locytions. The filter cone entrance velocity was adjusted to match the grid.

i
veloeity aﬂveach reloéatiou.ﬁ Four grids were used to monitor exhaust velocity.
) 3Siight adjustments were sometimes required fo compeﬁséte for drift which
appeaied to be éxternal wind initiated. | |
A third test was performed td provide an estimate of the fiber
emiééions from a hot brake aséembly. As in the breakin test, the test filter
yaé Positioned in a ce?tral location for this procedure. Thirty-one stops
were mede at.0.5 "g" (5.9'm/s2) andiminimél time interval until the rotor
?téaincd k1o°¢ (K70°F). \This temperature;ﬁas then maintained by adjusting
ulthe application time interval. Ten addiﬁional stops were made as the Erake
was aiiowed to. cool. ; \
Ali filterlweight'determipationé were performed at equilibrium
b"cpngitions aﬁ& then corrected f9r humidity. After use, the filters were
jindiﬁidually stored in covered élass containers. Lining weights werc taken
af%ér_remo§al of wea debriis but before they had cooled completely, to '
:miﬁimiéf weiéht changes from water absorption. Betwe=en tests.the linings were

stored in a dry_jarﬁ

The relevant test data are included in the following table. A
i . .
slight pad drag caused the outboard lining to wear above expectations on the

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

* rate calculations, the specific wear. is above the usual range for this lining.

N .

No advérse effect on the test results would be expected to have resulted frem

this drag. Similsar pad drag’effects may - occur on cars, when smooth road
. conditiohs prevent "pad knockback."
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Test

Rreakin

Hormnl Urne

i1 Temperature Ysne

,Braké Speed, REM . -

Brake, Decel, "g"
' : 4
Wheel Toad, kg

Brake Applicafions

Total'Energy, kW-h

J’Max.AApply Temp, °C

Total Lining Wear, g

“Lining.Wear Rate, g/kW-h

L

I

535 (4O MPH)

0.25 {2.45 m/s2)
257 (567 1b)

82 1

0.938 (1.25 hp=~hr)
115 (240°F)

1.10

o in®
.17 (0.051 3 )

535 (40 MPH)
0.25 (2.45 m/s2)
257 (567 1b)~
560

6.405 (8.54 hp-hr)

'115 (250°F)

10 60

- in?
0.25 (0.011 Hﬁfhr)

535 (4O MPI)
0.50 (k4,9 m/s?)
257 (567 1b)

b1

0.469 (0.625 hp-hr)
k1o (770°F)
1.07

+ .3
. 7 in
2.28 (0.100 HEThr)
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SAMPLI, EXAMINAT1ON

° PREPARATION AND EXAMINATION OF ASBESTOS CARRYING SAMPLES "ROM TEST FILTERSX
T ¢ :

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

S . A . .
ppepa{ationsiwere cleahed in acetone, followed by rinse in 200 proof

* :ethanol,
" An area’ of measured dimension was selected at random from the test filter,

* cit end placed particle side down on a clean glass slide.

- Several drops of acetone were placed on the filfer segment to partially

dissolve and secure it fo the plate.

The samples were ashed for a,period of two hours by using a low temperature

‘asher at a chambet pressure of 0.5 torr (70 Pa) oxygen and power of

' 200 watts.

)

Several draops of a 1% solution of nitro-cellulose in amyl acetate were

»:placed on the'reéidue,‘and a clean watch glass was used to grind the mixture

for a period of five minutes,

'Alsécopd clean glass dlide pas then placed over the mixture of nitrc-cellulose

and fesiﬁue, and & "smear" obtained by pressing the two slides together and
] 551

then sliding them apatt.

. The films thus formed jwere permitted to dry and then removed by scoring the
edge;bf the slide with a‘scalpel and'"floating" the film free from the slide -

in e distilled water bath. Tt was found that the film was most easily removed

. from the slide introduced in Step 6.

*Samplé preﬁaration techniques outlined below are similar to tLhose

reported by Selikoff, et al. in Reference 2.

A

<
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8. ‘Approx1matcly 10 el\utron microscor=z grids (3 nm, finder grlds)

'were placed at random on +he floathy film, and the film was 1ifted by
putting a .clean slide on tov of the film and drawing the slide down through
. o N . . \ : .

PR B !
the water So as to trap the grids between the slide and the film (which
' ’ 4

snould now éling to the slide).

!
'

9. A carbon layer of approxlmately 0.06 um was deposited on the film to
prevent charging durlng exam1nat10n in the trdnsmlsslon electron m1cro*cope {1EM).

Direct examination specimens were prepered by depositing a carbon

. layerrbn the‘dust side of the test filter and dissolving the filter in acetone.

Electron microscope prids were used, both to support fhe-sampleﬂand to provide

grid Tocation reference marks.

TEM'LXAAINATION AND COUNTING PROCEDURES
Apprcx1mately ten electron mlcrOSCOpe grids were prepared for each
of the five filter sanples analyzed. Four grlds were arbitrarily selected

from each_sample and two grid squares on each grid were sconned for asbestos.

- The individualngfid squares are approiimately 90 um on each side and were

examined at a TEM magnification of about 40,000. Tor each grid areo scenned,

A

photographs were takeq whefe possible of the first, ‘last, and one randomly
. . ( . :

: ghoéen fibril for the purpose of determining an average fibril diameter accurztely.

¥

. Measuréﬁents were thep made visually; that is each fibril, fiber, or asbestos
bundle was compared to known calibration marks on the electron microscope screen
L ' R : '

. to estimate the lengths. The length could be estimated to within 20%, as

determined by the photographic measurements. The marks on the screen are 0.5 cm

aapar%'corresponding to 0.125 um when a magnification 6f 10,000 is used.
ThlS approaﬂh was . taken because it was 1mpract1cal Lo photograph all the fibrils

and, furthermore, ]ength measuremcnts were not as critical as dlamcter megsure-

3ments-1n ‘determining fiber volume. Where both measuremert methods were used,

the values providing the greatest indlcated brake asbestds levels were chosen,

) gvThé:results are shoun in the fqllowinq table:
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ASBESTOS CONCENTHATION ON FITTERS

:.Sampie . Sample Identification | . Concentration (ng49m2 of filter)
2} - 1 . f Test-ﬁormal stop-new brakes ) 15.32 |
B, ) JBackgfound Tor A y . © 1,06
d’ - Test-no;mal st¢p-burnished brakes 7.98
.‘i D ' Background for C ; ' ’ L, 64
AfE . . fest—high tumperature
stop-burnished brakes . 5.37
¥ " " Background for E - not used,

insufficient sample

-, , Blank - Fnused filter 0.33

From photogrnphlc measrurements of 120 chrysotile fibrils, the. asbestos
‘ilbrll average ulameler was determlned to be O 0337 um with distritutions

similar to that observed by other workers (10). From 45 fibrils of triple jet-

v mllled chry otlle the average dlameter vas determlned to he 0,C316 um withn

"tandard Jeviation of 0 0065 W,

ASBESTOS IDENTIFICATION
AsbeétosAcan bp ideqtified in the transmission electron microsccpe \

in one of two wajs. -The first and absolute method is by electron diffraction.
! ) . .

. Y }

. Such a.diffraction pattgrn is presented as Figure 8. Measurement of diareters

and correlation of these measurements with a known standard gives the interrlanar
S ’ “ -
spacings of. the material, Comparison of these spacings with the ASTM [ile

‘jdentifies the material as clino-chrysotile (asbestos).
‘The second method of identification is by appearance. Figure 9a

B represents an image ¢f asbestos obtained in the TEM. Fine lamsllae are

observed within the fibril ﬁhich are parallel to the long axis. This sppearance
. | . i .
is characteristic of' chrysotile asbestos fibrils. Because of the nature of the

electron beam, radiation and heat damage can occur in the material markedly
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a changer in asbestos are represented in Figure ob.

the fibril of Figure 9a has been ch§nged to a

\ iy

Wta and calculated

. Temp Use | Calculation
st Bkard Pasis
564 | 0.56%1 Measured
.27 | 0.00 | Measured
37 1 0,12*% Measured
.33 0.33 Measured
. v 62 | 9.62 | Measured
18| 1omf [(3)-00] x (5)
.96 | 1.90¢ (6) + (1)
' ) A(7)
T.h (8) x (1)
235 From Meas.
0586 (9) = (10)
070 Measured
.0055% (11) + (12) x 1cCC
LN R A(2)
53 (10) x (14)
! 1. 018% (11) + (15) x 120
i ST (15) + (12) x 17

to insufficient sample

ackground filters
-representative .
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‘TIMATION OF BRAKE LINING AS BESTOS DILUTION IN URBAN ATMOSPHERE

. The cOncentration of asbestos fiber from the brake lining wear debris
[ | N

- is assumed to he the same as was found in the "normal usage" dynamometer {est

ahd to be dispersed and have the'same residence times as the lead emitted from
e :| ° lt .

the engine. Assume an average mileage of 15 MPG from cars which emit 750 of
\ t

the lead to the atmosphere.

When gasoline averaged 2.52 grams of lead per gallon, the tyvical

"lead boncen£rations in urban atmosphercs were about 2 ng/m3 (JAPCA, Sep. 1969,

' 19, p. 684). Typical U. S. cars wear 202 grams of lining per year and drive

10,000 miles per year. ! The "normal use" dynsmometer tests provided asbestos

fiber amounting to 0.0023% (2.3 x 10°%) of the brake lining worn.

v Mlowing a factor of ten to provide an upper bound in this determina-

tion, the asbestos concentration in urban atmospheres from brake wear should be

less thén

2 ng Po/m3(i5MPG)
52 £22 (.75)

0.07T ng
e T

10 (2 3 x 10 J) \10 ooo m].)

Urban atmospherea vary in asbestos fiber concentration from city to
j :

e eana s ol . . e
city, within a c¢ity, and from one time to another. This variation does not

hY

correla%e with expected automobile~brake usage. The concentration has been
I

reported to reach 100 2§ ng (2). Thus it appears that the wear of brake lining

- produces, at most alsmall fraction of the asbestos fiber in urban air. This

.

. ¥s not surprlslng wvhen one 00n81ders that brake lining wear involves only 1. 5%

:of'J.zS. asbestos usage and that brake usage converts over 99.95% of this to

non>fibrous dust,
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| LINING COMPOSTTION ESTIMATE FROM LABORATORY ANALYSTS

o
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\

CALCULATIONS OF *)LLECTION EFFICIENCY

sioé . 16.3%

MgO. 178

Fegdé 2.5 .
| M0 . 0.3

Hz0 5.5

CaC0s 5.4

Zn 3.9

Organic _38.3

Total - 100.0%

}

WEAR DEBRI3 ESTIMATE

Decomposed Asbestos

Decomposed Limestone.

S

Zinc Metsal

- Inorganic

J
© ORGANIC t

- - 3 aam g as et T . S e
CoThie, materaal PYCS LT ST S

Volatilef

' B
Uncertain -~

Low Volatilify

.“Organic Collectable.

Total Collectable
Collected on Filter

Collectaﬁle Material

nat Erapeed vy Mlter

¢

i

Chrysotile Asbestos ho. b

36.9%
8.6%
3.%%

4o W%

10.5%

15.7%

12.1%

12.1% to 27.8%

. 61.5% to T7.2%

W79

T

1.,5% to 30.2
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‘ Figure 2 Dyﬁpmbmeter test setup.

"o \
[ §
Al

Figure 1 Dynamometer test schematic.

Figure 3 View'of brake assembly and test grid.

i

! ,
Figure 4  TEM image of chrysctile asbestos fibers.

. : : ‘ :
“Figure 5 TEM .image of partially opened fiber bundles.
Figure 6 TEM image of fiber bundle on "normal use" filter.

 Figure T TEM image of fibril on "normal use" filter.

Figﬁrq 8 TEM electronidiffration pattern of chrysotile fibril.

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

o ' !
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