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SUMMARY

Dynamometer tests of a producticn disc brake .provided pnew information
on asbestos fiber emissions during breakin, normal use, and high temperature
use conditions, Both ambient air and brake cooling were sampled isokinetic;-
ally, using 0.45 pm filters. Examination of test and background filters
required 2 clé.riﬁcation process to maximize fiber detectability, the use of
transmission electron microscopy (at 40,000 X) for detectionm, and electron
diffraction 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 of the braking surface. Less than 0.02% of the lining wear was
released as asbestos fibers. The concentration of asbestos fivers in the
urban atmosphere, due to brake usage, vwas conservatively estimated at less
than 0.07 x 10°2 grams per cubic meter. Based on this upper bound, the use
of brakes was judged to be not significant as a source of atmospheric asbestos.

APFROVED:

\:‘VQ’M 2. MM‘Z& \"-

y P SO oy et

Joan E. Mayer, Jr., Manager T. P. Hopkins, Manager

Mechanical Research Department Technical Services & Administraticn

77 e
7 ¥l v
3V
J.JS V. Petrocelli, Manager
Creczical Engineering Department

8080 0087



INTRODUCTION

Asbestos has been & major constituent of autcmotive friction materials
for mcre than SO years. It is used to inpart strength, flexidbility, and heat
resistance to & brake lining and to enhance friction and wear properties. Most
present brake linings use resin or rubber binders and chrysotile asbestos,
together with organic and inorganic friction modifiers and fillers. The asbestos
ccntent varies with formulation, from a low of 25% to adbout 65% by weight.
Minimum asbestos levels are found in same high performance European disc brake
linings which are highly filled with metals and inorganic .constituents. Brake
linings in the U. S. average about 50% asbestos ccntent.

Of a total U, S. annual asbestos consumption of 800,000 tams (T30 Mxg),
sbout 28,000 tons (25 Mkg) of chrysotile asbestos are purchased anmually for
friction materials of all types (1).* Of this, it has been calculated that brake
lining wear consumes about 12,000 tons (11 Mkg) of asbestos per year. Roughly
an equal amount remains on brake shoes at the time of replacement or is manu-
facturing wastage.

Recent tests have shown ﬁat densely populated urban atmospheres often
contain significantly higher asbestos concentrations than surrounding areas (2).

Background asbestos levels in the atmosphere result fram the natural weathering

of asbestos-bearing rock and soil, as well as fram mining, farming, and excavating.

The generally higher urban concentrations suggest coamercial and industrial
souwrces. Brake lining and clutch facing wear was suggested by Thomson (3) as
a possible source for higher asbestos levels in the urban atmosphere.

. Ivach (4), in a study wiier-zcsz by the Piblic Health Service,
reported the findings of several brake dynamameter and friction machine tests
in vhich vear debris wvas trapped oo a filter and subsequently examined

oy means of a transmission electrom microscope (Tiid). He comcluded

*Reference (10) suggests 59,000 tons (53 Mkg) is mcre carrect.
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that "free fiders ﬁ-qn brake lining wear seem to be an incomsequential health
factor in urban air pellution.” Lynch detected no free fiber from an autamobile
elutch and a bus drum brake, dbut same free fibers were found i{n one test of an
experimental disc bdrake.

With mounting concern over air quality in general, and asbestos
pollution in particular, this study was initiated in 1970 to provide additional

data on the asbestos emissions from disc dbrakes.

OBSERVATIONS 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 (4) using the TEM®
(transmission electron microscope). Several authors have suggested that
interfacial temperatures during braking could be high enocugh to deccmpose
the chrysotile asbtestos into non-fidbrous thermal degradation products. Ana-
lytical relationships exist which permit calculation of interfacial tempera-
tures (6). However, several of the significant parameters are difficult to
determine accurately for heterogenecus materials such as brake linings. The
asbestos crudes (larger fiber bdundles) were calculated to reach their rapid
decamposition temperature during normal braking at speeds above 56 MPH
(25 m/s) as an upper bound value and above 18 MPE (8 m/s) as & lower bound
value. An experimental approach was undertaken to provide closer bounds.

AMded insight into the thermal deccmposition of asbestos fibers

"hrake lining wear wa: attespied by direct visuaiizaticn ¢f the frictiocel
process. A small ladoratory friction test machine was constructed using & thermal
8hock resietent (Vyaor) gless rudting surfece /rezlecing 4he convention-l zess
iron) in which the friction interface was directly viewed with a low power (7-50X)
binocular microscope (7). Scaled rubbing velocities vere used to compensate for |
the thermophysical property differences between the glass and cast irem.
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Moderate scaled velocities, roughly equivalent to 12 MPH (Sm/s ),
provided & vievw of intermittently incandescent asbestos crudes. During the
{nitial durnishing operatiocn resinous material surrounding these asbestos
crudes vas observed to pyrolize, producing microbeads of condensation
products around the crude. These organic products of resin degradation and
the apparently powdered asbestos deccmposition products were seen to smear
into platelets, often of such size as to be discernidble to the unaided eye.

At higher rubbing velocities (over 30 MPH, or 13@/5 ) the platelets
formed a surface char layer under the action of more severe thermal and
mechanical action. The larger asbestos crudes then could be seen to glow
with apparent depth and for greater time durations, oltea several seconds.

The actual brake lining contact area was only a few percent of the total
available surface, with contact spots moving in a random manrer with time. From
these friction visuslization studies it appeared that local flach temperatures
and severe mechanical action could be major factors in the dreakdown of asbestos
fibers for most.\ brake usage, Examination of the lining surfaces revealed the
presence of no:;-fibrms magnesium silicate in both crystalline (Forsterite) and
amorphous phases. Magnesium silicate is a thermal degradation product of chrysoti
asbestos. Forsterite transformations have been reported to occur at 600°C
over a period of hours. Differentisl thermal analysis (DTA) studies in our
laboratory indicated this transformation occurs within seconds at 820°C.

Special brake lining formulations were then prepared and tested

on the glass visualization apparatus and a friction Atsessaent anid Screeniz

[ 2]

Test (FAST) machine:(8). Chemical reacticns were found to take place at the
Triztlon Lit:.fece whick would resuire & flech tepersture rize of Tul°C <c
initiate vhen an equivalent of 35 MFH (16 m/s) rubbing speed vas used on the
PAST machine, At this same speed melting of incrganic lining additives and  °

metal particles confirmed brake flash temperatures up to 930°C.
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Besed on these findings, it would not appear surprising for few
asbestos fibers t:o be enitted from brakes in normal usage. However same
aschanicsl rcnmn.l of fiber appesred possible during the first several brake
spplications with new linings. Also, high brake temperatures possibly could

weaken the orgarmic binders and cause increased fiber emissions.

TEST PROCEIURES

Cazplete sample collection and examination procedures, along with
saxmple data calculations are included as Appendixes I, II, and III. Briefly,
the tests were performed as follows: a new Pinto disc brake assembly was
installed on a single station brake dynamameter in a rocm which was cleaned
of extraneous asbestos sources. Air from within the room was tlown through -
a diffuser screen to provide a velocity distribution over the trexe wal::
epproximated that of vehicle usage. The air stream in front of and behind
the trake was saxpled isokinetically, using matched 0.45 um filters, holders,
and air pumps.LNote the system schematic in Figure 1 and the actual test setup

in Figure 2. e brake exhasust air was discharged out of the building.

The f\irst pair of filters were used during the first 82 burnish
stops, to represent "breakin" conditions. After further burnishing, a second
pair of filters collected samples during 560 "normal use” brake applicationms.
A third set of filters then were utilized in a "high temperature use” test of
41 brake stops.

] All brake applicaticns were made from a 40 MPE (18 m/s) equivalent
speed. reucin and normel use tests eryloyed trake torjiss elrresyonding O
ane-quarter "g" (2.U5 m/s2) deceleration. This torque level was doubled for
the hish ‘empergiure tects,

' During the normal use procedure, the test filter was located for 20
brake applications at each of 28 grid locaticas in the exhaust duct throat, to .
insure a representative sampling of the air flow over the brake. This test grid

8000 009)
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and filter may be seen in Figure 3. A central collecticn site in the test grid
was used for the "breakin test" and the fimal "high temperature” test.

Samples of the three pairs of filters (breakin, normal use, and high
teperature use) were subjected to & clarification process involving low
temperature ashing to oxidize all organic material and mechanical action to

separate the particles. This assures maximm detectability of asbestos fiver (2).
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
sbove one nill!meter (0,040 4inch) in diameter. Quantity, length, and apparent
dlameter meacurements provided data for celculation of asbestos fiber mass per
toit of ¥ilter area. Coupled with dimension, mass, and flow determinations from
the dynamometer tests, this data was used to calculate the emitted asbestos
#iber concentration in the collected wear dust, in the cooling alr stream, and
fram the brake lining worn. The size distribution of collected fibers was not
determined by this method, since the clarification process involved sufficient
mechanical acti'::m to reduce most fiber bundles to the ultimate fidril size.

Additional samples of the "normal use” test filters were examined
on the TEM without recourse to the clarification process, in an effort to
determine the asbestos fiber size distribution. Roughly 10% of the asbestos

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

' ponding saxmples after clarification. The largest observed fiber bundle was

C.2C .= iz digmztar and over 1.1 um lozg. A sizilar direct T seerch ol tle
"normal use” test filter revealed sbout 2% of the asbestos fibers observed after
clarifisgsiom, This peducel percentage of vizitle Zlter wes stirituteld o the
qrnter concentration of obscuring matter in the test filter., However, the
largest coserved asbestos fiber in the test filter (0.13 um in diameter and over )
1.2 um long) was about the same size as wvas found oo the background sazmple.
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The similar, low fider content of doth background and test filters precluded
a fiber size distribution estimate. However, it appeared that the quantity of
the larger asbestos fibers on the test filter vas no greater than that of the
background filter.

This supports the observation fram the lining wear visualization tests
that norzmal brake wear degrades most of the asbestos fibers. A brake lining grade
of asbestos appears on the TEM as in Figure L., The fiber bundles are composed of
streng, dbut weakly adhering fibrils of about 0.03 uz (roughly 1 microinch)
diameter., Mechanical action causes the larger fibers to "apén" into smaller
fibers or even’ £ibrils, as illustrated in Figure 5. Contrast these "raw material”
fibers with ome of the larger fibers (Figure 6) and ome of the more typicel
fibrils (Figure 7) from the "normal use” test filter. '

The similar, low fidber content of both background and test filters
required clarificatiocn to permit an asbestos fiber count, thus providing more
accurate fider mass determination, but obscuring the actual fiber size distridu-
tion. ‘Iherefm?é, the calculations of fiber concentration (Table 1) were expressed
as asbestos ms"s per unit mass of lining wear dust and asbestos mass per unit
mass of lining :rom. Asbestos fiber concentration in the ambient air (backgrourd)
and in the brake exhaust air (test) was calculated in units of nanograms (10 ° gra

per cubic meter of air. However, the actual asbestos emissions from brake usage

would be diluted substantially through mixing. The asbestos concentration in

urban air due to brake usage wvas estimated, based upon existing autamotive exhaust

lead dIlution data, These calculations appear in Appendix III.

All toe test resu.ts in lacle 1 bhave Deen reportea ac ten iizes toe
calculated test values, to allow for possible losses in collection, processing,
exl coumting., These velie:, therefore, should provide urper bourds Ior estectss
eissicns from brake usage. For example, the local (Detroit, Michigan) atmospheri

\

asbestos concentration ranges from 0.5 to 13.4 nanograms per cubic meter. The
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observed background asbestos value vas 1.9 ng/m3, for the normal use test,

but is reported in Tadble 1 as 19 ng/m®. The lov asbestos emissioms from

t;n test disc brake under "normal use" conditions is underscored by the

eddition of dbut 13 ng/m® (1.3 ng/m® cbserved) in the undiluted exhaust air stream.

TABLE 1
ASBESTOS EMISSIONS FROM "NORMAL USE" BRAKING

Dynamometer Data for a Production Disc Braket*

. Brckground Asbestos in Ambient Air <19 x 10°° g/m3
. Asbestos Fiber fram Brake in Exhaust Alr <13 x 10 ° g/x°
. Total Asbestos Fiber in Exhaust Air <32 x 10°° g/=®

. Estimated Brake Asbestos Fiber in Urban Air <0.0T7 x 10°° g/m®
. Asbestos Fiber fram Brake in Airborn Wear
Dust <0.05%
. Asfestos Fiber Released froam Lining Wear <0.02%
i i{(eported values are 10 times the observed test

\'rllues to provide upper bounds

The lining vear rate during the first 82 breekin stops was found

to be about five times above the "ncrmal use" rate. Asbestos fider release

.during breakin was also higher, an average sevenfold increase. However, since

the breskiz wear Is less than 1% of the ‘ezl li-!=ng wear, the increase of
emitted asdestos fiber resulting from this temporary sevenfold increase would
be about 3%, when averaged over the life of the linings.

LIgn teuizrature trasge u..g® eisO increzsed lining wesr reies, in

this case by a ftctcg- of eleven. Asbestos fiber emissions increased by less

LY

than a :a.ctor of three. Frequent vehicle operation under such high temperature
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conditions would lower lining life to levels far bglov present averages.
However, even if all brake wear provided the same fiber emission rate as
found in the high tempersture use test, the parcentage fider release to the
atmosphere would still be under 0.06% of the lining wear. .

The remaining brake wear was 2 amixture of noa-fidbrous organic and
inorganic matter. Forty-seven percent of the estimated 62 to TT% collectable
wear debris were 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, vheel, and tire. Accurate measurement of this material was not
possidble, due to the added retention of dust from the ambient air.

More precise velues of brake lining asbestos emissions or the
determination of their particle size distributions appear possidle, for these
low fider concentrations, only by testing brakes in an asbestos free atmosphere.
This approach was used in an EPA sponsored study (9), where pre-filtered air
was flowed t.h.rcwfb sealed brakes at a flow rate greatly reduced fram normal.

\

‘!

CORCLUSIONS

1. Autcmotive brake usage provides a very small emission of asbestos fiver

(less than 0.02% of the lining worn).

2. Autamotive brake usasge provides a very small asbestos fiber input to
urban atmospheres (estimated to be below 0.07 ng/m3).

3. Intense local heating and severe local mechanical acticn causes the decom-

»

posizion of most asvestos fiter in braxe iinings during typical usage.
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AFPENDIX I

SAMPFLE COLLECTION

DYRAMOMETER ROOM PREPARATION

The normal brake cooling air was found to be more variant and
higher in dust concen‘tntion than vas the romm air. Consequently, the
supply air duct was remcved and sealed. To reduce the background asdestos
level to a minimm, the dynamometer room was thoroughly cleaned and vacuumed
vhile maxionm exhaust air flow was maintained. All potential sources of fiber
emissions were removed from the roam and asbestos handling was curtailed
in adjacent rocms.

A production Pinte disé brake assermbly wvas installed on the single
station brake dynamcometer, as shown on the schematic of Figure 1. The major
elements of the test setup may be seen in the photograph of Figure 2. Cooling
air was suprlied from the room by means of a fan and diffuser screen. Contain-
ment of all possible airborn wear dust was assured by fitting a rectangular
collector nozzle to the exhaust air duct, about two feet downstream of the
brake, Metal panels were installed below and beside the brake to further
scntain the cooling air flow and to help provide a representative air flow
over the drake, campared with vehicle service., System parameters were adjusted
until the air velocity distribution matched closely with actual usage and the
alr ﬂ.oving over the brake assembly was fully captured by the exhaust duct.
This wvas confirmed using a smoke generator.

| The erhaust c.ot torsat was pertiticied into a b bty T exrsy cf
roughly three inch square grids (Figure 3). The velocity profile within this

ril wze merrovad o provide mean velaas for essh oIl souave,

8000 0096
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SAMPLE FILTER PREPARATION

Microporous membrane filters with 0.45 um pores wvere selected to assure
high retention of asbestos £ibrils and most of the wear dust powders. A
matched pair of Gelman sampling pumps and 35 mm diameter holders wvere used.
Thin metal cones of 12° included angle were fabricated and sealed to the
f£{1ter entrance. These cones increased the tip entrance velocity to that
of the exhaust air duct so isokinetic sampling could be achieved. The ccne
tips were carefully matched in size. Flowmeters and differential pressure
indicators were installed in the systez to monitor the filter airflow during
each test and to set the tip entrance velocity bdefore each test.

Tests were perforzmed on the unused filters to determine their

veight change with variation of humidity. Filter weights were measured on
a microbalance to the nearest 10 micrograms. Filters were placed in the
center of the designated exhaust duct grid and at a fixed position upstream of
the brake, but below the diffuser screen. This latter (background) filter wvas
located where the upstream air velocity equalled the average over the test grid.
In this way the sampling was isckinetic with essentially equal volume flows

through both filters.

TEST PROCEDURE

All brake stops were conducted froam the same speed equivalert
(40 MPH, or 18 m/s) to maintain fixed air flow conditioms. Burnish and
;'ngrml use” brake applications were at 0.25 "g" (2.45 m/s?) deceleration
and with & two minute time interval. This provided & peax rotor tezpsratie
of 180°C (350°F). The mumber of brake applications were selected to provide
asout cne grem of lining weer per test.

Breakin vear was monitored for the first 82 stops. Ko sampling
was performed for adout 200 more drake applications, vhile the linings and
rotor developed essentially steady-state conditions

AAAA AAA=



The "normal use" test was then performed on this burnished
brake assembly. Twenty brake applications were made under the same cornditions,
with the test filter located sequentially at each of the twenty-eight grid
locations. The filter come entrance velocity was adjusted to match the grid
velocity at each relocation. Four grids vwere used to monitor exhaust velocity.
Slight adjustments were scmetimes required to campensate for drift vhich
appeared to be external wind initiated.

A third test was performed to provide an estimate of the fider
emissions from a hot.brake assexbly., As in the dreakin test, the test filter
vas positionec{ in a central location for this procedure. Thirty-one stops
were made at 0.5 "g" (4.9 m/s?) and minimal time interval until the rotor
attained L10°C (770°F). This temperature was then maintained by adjusting
the application time interval. Ten additional stops were made as the brake
was allowed to cool.

All lA‘ilter weight determinations were performed at equilibrium
conditions and .\then corrected for humidity. After use, the filters were
individually st‘éred in covered glass containers. Lining weights were taken
after removal of wear debris but before they had cooled campletely, to
minimize weight changes from water absorption. Between tests the linings were
stored in a dry Jar. |

The relevant test data are included in the following table. A
lliﬂlzt pad drag caused the outboard 1lini-g to wear above expectations on **e
"normal use" test. Since this added work was not included in the lining wear
rate calculations, the specific wear iz above the usual range for this lining.
Ro advers: eflect on tae “est resulis woull te expesiesl <o hsve resul-2i fr=
this drag. Similar pad drag effects may occur cm cars, when smooth road
conditions prevent "p.d knockback. "
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Test Breakin Normal Use Hi Tempersture Use
Brake Speed, RPM 535 (4O MFH) 535 (4O MPH) 535 (L0 MPH)
Brake Decel, "g" .0.25 (2.45 n/s?) 0.25 (2.45 m/s2) [0.50 (4.9 m/sé)
Wheel Load, kg a7 (567 1b) 25T (567 1v) 257 (567 1)
Brake Applicatioms 82 560 L1
Total Energy, kW-h 0.938 (1.25 hp-br) | 6.405 (8.54 bp-br)|0.469 (0.625 hp-hr)
Max. Apply Temp, °C 115 (240°F) 15 (2u0°F) 410 (T70°F)
Total Lining Wear, g 1.10 - 1.60 1.07
Lining Wear Rate, g}kw-h 1.17 (0.051 %‘;;m) 0.25 (0.011 %hr) 2.28 (0.100 gffhr

B
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APPENDIX II

SAMPLE EXAMINATION

PREPARATION AND EXAMINATION OF ASBESTOS CARRYING SAMPLES FROM TEST FILTERS*

1, All slides, dishes, scalpels, and other utensils used in the following

2.

preparations were cleaned in acetone, followed by rinse in 200 proof

ethanol.

An area of measured dimension was selected at randam from the test filter,

cut and placed particle side down on a clean glass slide.

|
Several dzl'ops of acetone were placed on the filter segment to partially

dissolvé and secure it to the Plate.

The samples were ashed for a period of two hours by using a low texperature
asher at a chamber pressure of 0.5 torr (70 Pa) oxygen and power of

200 watts.

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

pPlaced on the residue, and a clean watch glass was used to grind the mixture

\
for a periocd of five minutes.

A second clean glass slide was then placed over the mixture of nitro-cellulose
and residue, and a "smear" obtained by pressing the twc slides together and
then sliding them apart.

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

© edge ~f the sllle with o enalpel end "floeting" the film free from the slile

in a distilled water bath. It vas found that the f£ilm was most essily removes
froam the slide introduced in Step 6.

*Sample preparation techniques ocutlined below are similar to those
reported by Selixoff, et al. {in Reference 2. )

8000 016V



8., spprouizetelr 1T eleet=-- =d~mgscone ~ide (7 == finde= =rids)
were placed at random on the floating fiiz, ana ine f..u wes i.ived Ty
putting s clean slide on top of the film and drewing the slide down through
the water 80 as to trap the grids between the slide and the film (which
should nov cling to the slide).

9. A carbon layer of approximately 0.06 um was deposited on the film to

prevent charging during exsmination in the transmissicn electron microscope (TEM
Direct examination specimens were prepared by depositing a carbon

layer on the dust side of the test filter and dissolving the filter in acetome.

Electron nicro'c!coye grids vere used, both to support the sazple and to provide

i l
grid location reference marks.

TEM EXAMINATION AND COUNTING PROCEDURES
Approximately ten electron microscope grids were prepared for each
of the five filter samples analyzed. Four grids were arbitrarily selected
from each sample and two grid squares on each grid wvere scanned for asbestos.
The individual grid squares are approximately 90 um on each side and were
exanined at a 'I'!!M magnification of about 40,000, For each grid area scanned,
photographs were taken where possible of the first, last, and ome randczly
chosen fibril for the purpose of determining an average fibril diameter accurately.
Measurements were then made visually; toat is each fibril, fiber, or asbestos

bundle was campared to known calidbration marks on the electron microscope screen

" to estimate the lengths. The length could be estimated to within 207, as

delermired by ske photosTe;hic zeasurezents, The merks on the screen are 0.5 c=
spart corresponding to 0.125 ua when a magnification of 40,000 4s used.

This approach wvas taken because it was impractical to photograph all the fibrils
wi, further;ore, lensin i:i.iureceutS were notU as critical es dirzey .t Jescure-
ments in determining fiber volume. Whers both measurement methods were used,

the valuez provii_n~ +he greatest indicated brake asbestos levels were chosen.

The results are zhown in the following tadble: 8d%00 0101



| ASBESTOS CONCENTRATION ON FILTERS
Sample . Sample Identification Concentration (ng/cm® of filter)

A Test-normal stop-new brakes 15.32
B Background for A 1.06
o Test-normal stop-burnished brakes - 7.98
D Background for C .6
E Test-high temperature

stop-burnished brakes S.37
F Background for E - not used,

insufficient sample

- i |+ Blank - unused filter 0.33

From photographic measurements of 120 chrysotile fibrils, the asbestos
£ibril average diameter was determined to be 0.0337 ka with distributians
similar to that observed by other workers (10). Fram 45 fibrils of triple Jet-
milled chrysotile the average diameter was determined to be 0.0316 um with

a standard devﬂLtion of 0.0063 ko.

ASBESTOS mmﬁ*rcanon

Asbestos can be identified in the transmission electron microscope
in one of two ways. The first and sbsolute methad 1; by electron diffraction.
Such a diffraction pattern is presented as Figure 8. Measurement of diameters

and correlation of these measurements with a known standard gives the interplanar

" spacings of the material. Comparison of these spacings with the ASTM file

id;:.‘:‘.fies +he mzterisl &S clino-ckrysotile (astestos).

The second method of identification is by appearance. TFigure Sa
rerresants s image 0f astectos obtained in the TEM. TFine lamellse are
observed within the £idril which are parallel to the long axis. This appearance
is characteristic of chrysotile asbestos fibrils. Becsuse of the nature of the .

electron bess, radiatiocn and heat dsmage can occur in the material markedly
ROGE 0102



altericg the sppearance. Such echanges in asbestos are represented in Figure Sb.

The fine linear appearance of the fidbril of Figure 5 has been changed to a

mottled structure.
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DATA REDUCTION.

APPENDIX III

The following table contains the pertinent test data and calculated

results fram the brake dynamcmeter tests:

Breakin Normal Use HL T Use

Test Sample Units) Test }Bkgrd| Test | Bkgrdi Test } Bkard|
1. Flter Alr Flov =% [2.22 |2.22 | 23.00]21.80]| 0.564} 0.56L
2. Filter pickup mg (0.3 }o.20| 1.56] o0.90] 0.27 { 0.00
3, Filter Asb. Conc.ng/cm® |15.32 |1.06 | 7.98 | 4.64] 5.37 | o.12+
4, "Blank" Asb.Conc.ng/cm? | 0.33}0.33 | 0.33] 0.33] 0.33 | 0.33
5. Filter Area c? 9.62 | 9.62 9.62| 9.62] 9.62 | 9.62
6. Filter Asbestos ng |14k.2]7.02 | 13.59|41.46/u8.48 | 1.07*
7. Asb.Comc. in Air ng/m¥ | 64.95!3.26 | 3.19} 1.90|85.96 | 1.90+
8 Lining Aso. in & | 61.8 1.29 8.1
9 LAMng Asb.on pg li37.2 29.7 LT,k
10. Duct flow/filter

ow 1235 1238 1235
11. Lining Asd,

released zg |0.189 0.0367 0.0586
12, Lining worn mg 1100 1600 1070
1. ;";'f :f;““ e 0.015% 0.0023% 0.0055%
W. ﬁ;‘;’.‘g dust o pp |o.2geee C.61%* C.2T%*
1S, Lining dust in airzg [321 >4 333
16, % Ast. in wesrr dust 0.053% 0.00k9% 0.01i5%

Calculatic

Basis

Measured
Measured
Measured
Measured
Meas;.:red
[(3)-()]
(6) + (1)

8(7)

(8) x (1)
From Meas.
(9) x (10)

Measured

(1) + (1

4(2)
(10) x (1
(i) = (£

(35) + (u

# Value calculated tase4 on "normal use” dackground, due to insufficient sample

*& Correctel for .-

valuze difference throust <00+ end raksrouri filters

#42 Pilter Iin cre (¢.niT:il, location, and thus possioly non-representative
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ESTIMATION OF BRAKE LIWING ASBESTOS DILUTION IN URBAN ATMOSPHERE

The concentration of asbestos fiber fram the brake lining wear dedris
is assumed to be the same as was found in the "normal usage” dynamcmeter test
and to de dispersed and have the same residence times as the lead emitted from
the engine. Assume an average mileage of 15 HPG from cars vhich emit T5% of
the lead to the atmosphere. |

When gasoline averaged 2.52 grans of lead per gallon, the typical
lead concentrations in urban atmospl;eres vere about 2 Mg/n® (JAPCA, Sep. /1%9,
19, p. 684). Typical U. S. cars wear 202 grams of lining per year and drive
10,000 miles per year. The "normal use"” dynamometer tests provided asbestos
fiber amounting to 0.0023% (2.3 x 10 °) of the brake lining worn.

Allowing a factor of ten to provide an upper bound in this determina-
tion, the asbestos concentration in urban atmospheres from brake wear should bde

less than

- N (2 g Po/a® (15Mp6)7] 0.07
10 (2.3 x 10°9) /&_ﬁ ) gz or 35_
\10,000 mi 2.52 g‘i‘b (.75) J m

Urban atmospheres vary in asbestos fiber concentration from city to
city, withiz e city, ani froz one tine to another, This veriatizr does not
correlate with expected automobile brake usage. The concentration has been
reported to resch 100 =% (2). Thus it appears that the wear of brake lining
produces, at most, a small fraction of the asbestos fiber in urban air. This
iz oot lur;risi:g whea one considers that brake lining weer invclves ornly 1.7°
of U. S. asbestos usage and that brake usage converts over 99.95% of this to

non-fidrous dust.

8000 0105



CAL UL, T2CRS OF SCisZolicl EFrICZNCY

LINING COMPOSITION ESTIMATE FROM LABORATORY ANALYSIS

810, 16.3%%

Mgo 17.8

Feo04 2.5 Chrysotile Asbestos 42.L4%
Alg0s 0.3

Ep0 5.5

CaCOa 5.4

Zn 3.9

Organic _38.3

Total 100.0%

WEAR DEBRIS ESTIMATE

Decomposed Asbestos 36.9%
Decamposed Limestone 8.6%
Zinc Metal _3.%
Inorganic ko, 4%
ORGAZT
Volatile 10.5%
Uncertain 5.7%
Low Volatility 12,1

. Organic Collectable 12,1% to 27.3%
Total Coilectadble 61.5% to T7.2%
Collected om Filter L%

Ccllea*selle Meterield = S
Bot trapped by filter lh.ﬁp v 50.2¢

¢ This material presumably on shoe edges, calirer, rotor, wheel, and tire.

BAAA AVAe
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