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SUMMARY by J..W. Axelson

Dynamometey tests were made with a production disce hrake and
all airborng wear particles werce collectoed on 0.45 um fi1liers.
Ashastos fibers were deoteocted and measurcd by the usce of
transmission clectron microscopy al 40,000% and positive identi-
fication was made by cleciron diffraction. dost of the lining
asbestos (99,925 pgreent] was found to be converted to a non-
fibrous material by the high flash tomperatures of Lhe braking
surface. Brake flash temperatures as high as 980C have been
o¥vserved on a test maclhine.

'Thcy ostimute_that about 28,000 tong of ashoastos are used

each year by the fraictron materials industry in the
U,S. (J-M cstimakes abhout 45,000 tons). Less than hall ofs
this,' or 12,000 tons, is esltimdted,to weoar away.

‘hroughout the paper they use a safety facter of 10 to make
sure thoy are stating madx@amunn gquantities. Lor instance, thay
found that only 0.0023 percent of the lining wear was released
as ashestos {ibers, hut state this figure as less than 0.02

"percent. Likewise, the concentralion of askestos fihers in

'10-9 gms per cu meter but was reported as 10 times that or

th~ atmosphere frem brake usage was calculated as 0,007 x

- 0,07 f 1077 gms per cu mecter,

Seme . of the pertlinent data are given in Lhe Tollowing table.
These are actual valuces without multiplying by the factor of
10 as they did ip the paper.

Background ashestos in ambient test air 1.9 x 1077 /m
Asbhestos, fiber from brake in exhaust air 1.3 x 10 9 g/m
Totral ashestos fiker un exhaust air 3.2 n J/h3 ,
Bul imated brake asbestos in urban air* 0.007 x ]0 g/m3
Asbestos fiber from brake in aixborn weay

dust 0.005 porcent
Ashestos fibel reloaeod from 11n1nq wear 0.0023 pervecent

*thrarolatcd from data on residence times for lead particles.
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Local Dctro:t atmospheric concentration ranges from 0.5 to
ex 1079 qms per cu metor so the calceuwlated value of

0.0Q7 x 10~9 gms per cq‘meter is only a minor fraction

of normal cond:tlonf accruing from all sousces iuc]udinq

matural weathering ol asbhestos-haaring rocP and soil, mining,

farming and.cxcavating. This leads to their final conclusion

"Based on this upper bound, the use of brakes was judgoed to

he nhot significant as a source of atmosphoric asbestos"
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ABSTRACT
Dynamometer tests of a production disc brake provided new information
on asbestos fiber emissions during breakin, normal use, and high temperature
e ase eonditions. Both ambient alr and brake cooling alr wore sampled isckinetically,
using 0.45 pm filters, ULxaminetion of iest and tackground filters required a
élarification prohess to maximize.fiber détectability, the use of transmission
electron microscopy (at 40,000 X) for deteetion, and electron diffractiqu for
,positiv; identification of ashestoslfibers.; Most of the lining asbeslos was
‘ .

¢ v_‘foﬁnd to be converted to a non-fibrous material by the high flash temperatures
of the breking surface, Léss than 0.02% of the lining wear was.released as

asbestos fibers, Thﬁ concentration of ssbestos fibers in the urban atmospheye,

. . i
:du@'to brake uasge, was conservatively estimated at less than 0.07 x 127¢

}
gramg per cubic metef. Based on this upper-bound, the use of brakes was

Jadged to be not significant es a source of atmospheric ashesios,

A N 1



INTRODUCTION o : |

Asbestos has heen a major constiluent of aulomotive friction
mﬁﬁeriala for more than 50 years. It is.used to impart strength, \flexibility,
and. Léat resiétance to a brake lining and to enhance Iriction and wear proper-
tiesa MostlpréSent brake linings use resin or rubber binders and chrysotile

asbestos, tdéether witﬁ organt: and inorganic friction medifiers and flllers.

. Te asbestos content varies wilh formulation, from e low of 25% to about 65%

.

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

Europyan disc breke linings which are highly filled with metals end inorgonic

.constituents. ULrake linings in lhe U. S. average about 50% asheclos centent.

(T30 ¥xr)
Of a total U, 3. onnual asbestos censumption of {00,000 tOUSL,about
(25 Mkg) ; '

28,000 tonsfof chrysotile asbestos are purchased annually {or friction materials

.

of ©ll types (1), A Of t?is, it)has been calculuted that brake lining wear
' 11 Mkg

consumes about 12,0C0 tons}of asbestos per year, Roughly an ecqual amount
o v
remeins on brake shoes at the time of replacement or is manufacturing wastage.
'Recént.tests have shown that.densely populated urcan atmospheres
bf'ten contaln éignificantly'bighe; asbestos concentralions than surrownding
areas (2). Dackground ssbestos levels in the atmosphere result from the

[y

natural weathering of ésbesﬂ:s-bearing rock and soil, as well as from nining,
fhrming,aand excavating. The generally higher urban concentrations suggest
commerecial and industfaal sourcet, Brake lining and clutch facing weur wac
suggested by Thomson (?) aé a possible sourcc Ter hisher asbeslos levels in

thz urban atmospvhere.

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

" reported the findings of severzl brake dymamcmeter and friction machine

tests in which weer debris wae treppcd on & filter and subsequently examined

by means of & transmiscion electron microscope (TEM). He concluded
4 .

t
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that\"féee fibers from brnke Lining wenr :eem to he an inconscquential health

factor in urben gir polluticn." Lynch delected no free fiber “rom an automobile

clutch.ﬁnd a busfdrum brake, but some [ree fibvers were found in one test of an

experimgntal d%sc %rakeﬁ
- Y

' With mounting céncern over air quality in general, and asbestos

pqliutibn in particular, this study wes initisted in 1970 to provide ndditional

lata on. the esbestcs emissions from disc brakes.

OBSERVAiiONS OF LINING WEAR

.

The near absence of free asbestes fiber from lining srear has been
reportedlby Lﬁxon (5) usiné X-ray diffraction and by Lynch {}) using tne TEM
(traﬁsﬁission electron microscope). Several authors have suggested that
inte;facial temperatu¥es during brakiég could he high enough to decouwpose
the chrysot}le asbestos into non-fibrous thermal degradation products. Ana-'
lytica} relationships exiel which permit calcul;tion of irterfaciol tempera-
awmes (6). However; several of the significant psremecters src diffisult *o
deterﬁiﬁe accuretely for heterogcneoﬁs rnaterials such as brake lirinrs, The
asbesto: crudes (larger Tiber ?undles) were calculated to reach their rapid .
decomposition tcmpeiaturc during, normal braking at speeds sbove 56 MPH

v,

(&5 m/s) psyan upper bound value and above 18 MPH (8 m/1) as = lower bound

value. An experimentsl upprodch was underteaken Yo provide closer bounds,
- |
Aded insight irto the thermal decomposition of asbestos fibers

in brake lining wear wesg aklempted ty direcet visuslization cf' tne frictional

.
I3

process; A small laboratory Ifriciion test machinme was corstructed using a thermal

‘shock resistant (Vycor) pilace rutbing surface (replacin; the conventional cast

iron) in which the friction interface was directly vicwed wi*h = low power (T-5CX)

‘ " . s
binocular microscope (7). Scoled rubbing veloaities were ured to compensate for
’ - .

the thermovhysical proberty differences between the glass and cact iron.
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'
A)

Moderate scaled velocilies, rnughly equivaient to 12 MPH (5 m/s ),

provided a view of intermitlently incandescent asbestos crudes. During ihe
: ; e

init}ﬂl burnisﬂing operation resinous material surrounding these asbestos

J
crude? was observed to pyrolize, producing micrnbcoca of concdensation

t
products around the crude. These orgunic products of resin degradation snd

tne apparently powdered asbestos decomposition products were scen to smear

" " into platelets, often of such size as to te discernible to the unaided eye.

L

At higher rubbting velocities {over 30 MFI, or 13 m/s) the platelets

.. formed a surface char laycr under the action of nore severec thermal and

mechenical action. The lerger asbestos crudes ihen could be seen to glow
'
4

with  apparent depth and for pgreater time durations, often several scconds.

The actual brake liﬁing contact srea was only e few percent of the total
'I M ! ~ M

avallable surface, .with contact spous moving in & random manner with time. Irom

these friction visuallzation studies it éppeered that local flesh tsmperaﬁures
and severe mechénical action could be major factors in the breakdown 2f asbestos
riyers for most brake usage.. Fxamination of the lining surfaces recverled “he
presence of non-Tibrous megnesium silicate  in both crystallire (Pors:terite; and
amorpliois phases. Mnghesiuq cilicate is a ﬁhermal degradation product of ;hrysotile
nSbestosx Forsterite transformations hava teen reported to occur at 600°C
over a-périod of hours. Differential thermal analysis (DTA) studies in our
laboretory indicated b?is transformation occurs within seconds at 820°C.
' Specisl brake lining formulationg were then prepared and tested

on the giass'visua}ization'apparatus apd a Friction Assos:mént and Screening
- Test kFAST) machine. (8), Chemical reactions were found to tnke place at the

fricéion interface which would require o flach temperniure rise of T40°C to

initiate when an equivelent of 35 MPH (1€ m/s) rubting speed wns used on the

FAST machine. At lhis same speed melting of inorgonic lining sdditives and

" metel pafticles con{irmed broake flash 4cupevatures up to 08077,
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VL Based on these Zlndings, it would not appecr surprising for few
ashestos fibkers to he emitted from brakes in normal usage. iowever some
mechsnical removal of fiher appeared possible during the first several breake
applications with rew linings. Also, high brake temperatures poscibly could

1

4 r
wegken the arganic binders rnd calse increased fiber emissions.
t |

fEST PROCEDURES -

Complefe sample collection and examination procedures, aleong with
saﬁplg data calculations are included as Appendixes I, II, and III. Rrisfly,
the bests were performed ns follows: a new Pinto disc broke ascembly was
installed on a single statlion brake dynamometer In a rcom which was clcaned
of extranecus asbestos Lources. Air from within the room was blown throupn
a glffuser screen tog provlde'a velocity distribution over the brake which
aiproximated thatfor vehicle usage. The air stream in front of and benind
the brake was sampled isckinetically, using matched 0.45 um filters, holders,
and air pumps. lNote the system schematic in Figure 1 and the actual test sctup
in Figure 2. Th; brake exhaust sir was discharged out of the bullding.

‘ The first pair of.filt;rs were used during the first 82 burnish
stops, 3o represent "Hreakip" conditions. After further burnishing, & second
pair of gilters collected samples during 560 "normal use" braxe applicstions.

A third set of filtens then were utilized in a "high semperature use" test of

41 brake stops,

' A1l brake applications were made from a 40 tPH (18 m/s) eyuivalent
sﬁeed. Rreakin aﬁd normnl use tests Fmploycd brake torauee Eorresgonding to
one-;udrter "g" (4.9 m/s?) deceleration, 'This torque level was doubled for
the Ligh temperature tests.

During tYe normel usc procedure, the test filter was located for 20

» } .', .
breke epplications at each of 28 grid locations in the exheust duct throet, to

insure a representative.«ampling of the air flow cver the bralke. This test grid



\
apd filter ma& be seen in Figure 3, o central Eollcction gite in the test grid
was ujed for the "breskin test" end the Tinal "high Lemperature" test.
‘ Saﬁples of the three pairs of filters (breakin, normal hse, and high
teﬁperature usQ) were subjected to a clarification process Involving low
ﬁgmpéiabure'ashing to oxidize all crganic material end mechanical action vo

[} [}
separate the particles. This assures maximum detectability of asbestos fiver (2).

]

RESULTS AND DISCUSSION

Transmission electron microscory at 40,000 magnification was used in'
the search for fibers. At this megnification the ultimate fibrils appear to be
above one millimete; (O;OHO inch) in diameter. Quantity, lengilh, and apparent
diameter measurements prcvided data for caelculation of asbestos fiber mass per

tnit of filter area. Couvled with dimension, mass, and flecw determinations from

L0 )

the dynamometer tests,'this data was used.to calculate the emitted asbestas
fiber concentr:ztion in the collected wear dgst, in the cocling air streaﬁ, and
fram the'brake,;ining Qorn. The sige distrivution of collected fibers was not
dqte?mined by this method, since_the clarification process involved sufficient
mechanical action to reduce-most fiber bundles to the ultimate fibril size.
fdditional Samples of the "normal use” test Tilters were examined
on the %EM wifhout recourse to the clarification process, in an effort to
determiéé the ecbestol fiber size distribution. Roughly 10% of the asbestas

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

" ponding semplés after clarification, The largest observed fiber bundle was

0.20 um in diemeter end over 1.1 um long. A similar direct 1G4 search of the

"normel use" test filter revealed about 2% of the usbestos fibers observed after

\

clarification. Thdis reduced percentage of visible fiber was agttriouted to the

greater-concentration of obscuring matter in the test filter. Iowever, the

largest observed,asbesvos fiher in the test filter (0.13 km o in diametcr and over

r
1.2 um Tena) wes about bhe same size as was found on bthe baclroand samnle.



-6-

] ’
1

The similar, low fiker conteat of hoth b: ckpround and tost rilters precluded

n fiber cize distribution estimante. llow:ver, 1t appeared thul the quanitiiy of
the larger asbestos fibers on ihe test [ilter was no pgreater than that of the
. |
backgieund filter.
I

This supports the ohservoilion from the lining wn=or visuelirotion tests

. . :
that normal brake wesr degradcs most of the asbestos filbers. A brake lining grade

] ' v

. of asbestos eppears on the TEM as in Figure 4, Tae fiber bundles sre composed of

stroné, but weakly adhering fibrils of about 0.03 um (roughly 1 microinch)

diamete, Mechanical action causes the larger fibers Lo "upen" into umaller

" fibers or even fibrils, as illustrated in Figure 5. Contrast these "raw ma%terial"

fihers With one of Lhe larpger fiters (Figure 6) and cne of the more typical
fibrils (iigure T7) from the "normal use" test filter.

' The similnr, low fiber cortent of both background end test Tilters
required clarification o permit an asbes;os-fiber count, thus providing more
sccurate fiber mass determinstion, but obsecuring the actual [iber size diskrlbu-
ﬁionf Thefefore;uthe calculations of fiber concentraticn (Table 1) were expressed
as asbestios mass per unit mass of lining wear dust and esbestos mese per unit
mess of lining worn. Asbestos fiber concentration in tne nmbient air (background)
and ir the brake exhaust cir'(test) was calculeoted in units ¢f nanoprams (lo-g\grums)
p;r cubicl meter of air. However, the mctual asbestos euwissions rrom Lrake usage

C !
wonld be diluled substentinlly CLhrough nmixing. 7The asbestos concentrubion in

urben air due to brekejusage was estimated, Lased upon existing aulometive exhaust

lead dilution data. These calculations appear in Appendix I;I.

: All the test results in Table 1 have teen reported as ten times the
calculated test values, to allow [or possitle losses in collection, procesaing,
and counting, Thcsé values, therefore, should vrovide upper Younds for asbeclos

emissions.from broke usage. For exemple, the local {ctrols, Michig:n) stmocpheric

" asbéstos concentration ranges from 0.5 Lo 1%.) neanograms per cubie meter. The
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.

t
' oblerved “haskground asbestos vulue was 1.9 n~/m3, for the normal use test,

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

. . )
.the test disc brake under "normal use' conditicns is underscored by the

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

]
'

) 4.
.

TABLE 1

ASRESTOS EMISSTONS FROM "KORMAL USE" BRAKING

. Dynemometer Data for a Production Disc Rrake*

. Background Asbestoz in Ambient Air <19 x 1079 g/m?
. ,Asbestos ¥iber from Srake in Erhoust Air <13 x 10" % g/m?
. Total Asbestos Fiber in Exhauss Alr <12 x 10 % g/m®

. Estimated Brake Asbestos Fiber in Urban Air <0.07 x 10°° g/m®

. Asbestos Fiber from Brake ih Airborn Wear

Dust . <0. 5%
. Asbestos ¥iber Released frcm Lining Wear <0, 02%

* Reported values are 10 times the observed tost

values to provide upper bounds

i
i

i

The Yining wear rate during the first 82 breakin siops was found
to te about five times ebcvelthe "normal. use" rate. Asbestos fiber releasc
during breakin was also highep, an average sevenfold increase. However, zince
the bréakin wear is less than 1% of the total lining wear, the increase of
emitfed ackrstas fiber resulting from this Lemporary sevenfold incrense wounld
ve abobt 3%, vwhen averaged over the life of the linings.

‘ High temperatufe urake usage =#1so Increased lining wear rates, in

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

then a factor cf three. Frequent vehicle operiztion urder such hiyh temperature
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!
éhnditions would lower lining life t» levels fnr btelow present averspges.
'Héwever, even if all brake wear urovided the same fiber emission rate as

fow.d in the'high temperature use tast, the percentage fiber releese to the

J
atm~sphere would still be under 0,06% of the lining wear.
X .

. |4 L3
| he remaining breke wear vas a mixture of non-fibrous organic and

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

wear debris weré accounted for by the test filter on the normnl use test,
he remaining 15 to 30% presumably were retained on the lining. edges, the celiper,
spiadle, rotor, wheel, and tire. Accurate messurement of this material was not
possible, due to the a?ded retenlion of dust from the embient nir.

More preclse values of brake lining ashestos emissions or the

Aetermination of their particle size distpributions appear possible, for these

. ¥

low fiber concentrations, only ty testing brakes in an asbestos free atmosphere.
This approach was used in an EPA sponsored study (9), whers pre-filterc& air

wap flowed through sealed brekes at a flow rate greatly reducéd from normal.

CONCLUSICNS

1. ' Automotive brake msage provides a very small emission of asbestos fiver .,

1

" (less then ©.02% of the lining worn).
i

L\

2. Automotive brakelusage provides a very small asteztos fiber invut %o

urban etmospheres (estimated to be telew C.07 ng/m3),
‘ ’

%. Intense loecal neating and severe local mechanieal action causes the decom-

position of most asbentos fiber in ﬁreke linings during typical usare.
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§7M¥LE PILTER PREPARATTON
Mi?roporous nemtrane filécrs vith 0.45 um pores were Sﬁ}qcted to nssure

higk rebtenticn of asbestos fibrils and most of the weur dust powders. A
matghed'pair of Gelman sampling pumps and 35 mm diameter holders were used.
Thin,metal'cones of 12° included‘angle were fabricoted and sealed to the
,Filter entrance. These cones inereased the tip entrarnce velocity to that
of the exhaus£ air duct so isokinetic sampling could be achlieved. 'The cone

. -Lips were carefully matched in size. Flowmeters ond differential pressure
indicators were installed in the system to monitor the filter airflow during
ench test and to set the tip entrance velocity before each test.

| Tests were ;erformed on the unused filters to determine their
weight chunge with variat}on'of hgmidity.t Filter weighls were measured on
; microbalance tolthe nearest 10 micrograms. Tilters were placed in the
cenler qf the designated exhaust duct 8rid.and at a fixed position upstréam of
thq brake, but below the diffuser screen. 1lhis latter ( background) filter was
! 1oéated where tﬁé upstrean air velocity esqualled the average over the test grid.

In this way the ssmpling was isokxinctic with essentlsliy equal voluwe flows

through both Filters. ] . ‘

TEST PR%CEDURE
' A1l breke Etops vere conducted from the same speed eyuivalent
(40 MPHI, or 18 m/s) t? maintain fixed air flow conditions. Durnish and
" "normal use” brake mpplications were at 0.25 "g" (2.45 m/s®) deceleration
and Yitn ] iwo minute time interval. ,This provided » pea® rotor temperature
© of 180°C (350°F), ‘The numnber of brake apvlicetions werc selected to provide
about one gram of iining wear per test.
. Breakin wear was monilored for the first 82 cstops, No sampling
. was perfo;med for:ahout 200 more brake applicetionz, while the linirgs and

ratrAar Aaveltranad ArArantt 9.0 —4 -y Y -
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The "normal use" test wer then perforned on thiz hurniched
brake assembly., Twenty brake applicalions were iade under the s?m§ conditions,
witl ihe test filter localed sequentlally at each of Lhe twenty-eight griag

4

loc;@ions.‘ The filter cone ent;Fnce velocity was adjusted to match the grid
Yelocity at each relocation..! Four grids were used to monitor exhaust velocity.
_ '8light adjustgents vere sometimes required éo compensate for drif%t which
appeared to be external wind initiated,

.4 third test was performed to provide an estimate of the filer
emissions from a hot brake assembly. As in the breakin test, the test [ilter

was Qositioncd in a ee?tral location for Lhis procedurc. Thirty-one astops

were made at 0.5 "g" (4.9 m/s2) and minimal “ime interval until the rotor

sttained 410°C (170°F). This tempereture was then maintained ty adjusting
the application time intervel. Ten additionel slops were made as the trake

was allowed to cool.

Ali ?ilter weight determinations were performed at equilibrium
conditions and Lhen corrected for humidity. After use, the fillers wvere
indiQidually stored in covered élass contajners. Lining weights were taken
after removal of wead debriis but before they had cooled ccmpletely, to
:minimi%F welght changes from water gbsorption. RBetwesn testslthe linings were

stored in a dry jarﬂ

The relev?nb test data ore included in tﬁe following tavle. A
alight pad @rag caused the outboard lining to wear avove cxpectations on the
"nOrmallusé" test. Since this added work was not included in the lining wear
rate calculations, the specific wear is above the usual rangs for this lining.
No adverse effect ¢on the test results would be expected to have resulted {rom
this drag. Similar ped drag effects may occur ¢n cars, when smooth road

conditiohs prevent "ped knockback."



Test

Dreakin

Narmnl tlne

I Temperotare

Brake Speed, RIM
Brake,becel,"g“
Wheel ipad, kg J
Brake Abplications
Toial‘Energy, X~

Max. Apply Temp, °C

Yotal lining Wear, g

"Lining'Wear Rate, g/kW-h

5§35 (4O MPH)
0.25 {2.45 m/s2)
257 (567 1b) |
82

0,938 (1.25 hp~hr)

115 (240°F)
1.10

o' in3
1.17 {(0.051 Ef:’—-.hr

)

535 (4O MPif)
0.25 (2,45 m/s®)
257 (567 1v)

560

535 (40 WPI)
¢.50 (h.9 nfs?)
257 (567 1b)

L1

6.405 (.54 hp-hr)}0.169 (0.625 hp-t

115 (240°T)
1.60

0.25 (0.0L1

in?

hp-hr

410 (T70°F)

1.07

2.28 (0.100 in?
: hp-hx
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. | APPENDTX II

\ . -
SAMPLI: EXAMINATION
PREPARATION AYD FXAMTNATION OF ASBESTOS CARRYING SAMPLES FROM TEST FILTERGY

X 1. A1l slides, diches, scalpcls, and other utersils used in the following

\ pyeparations were cleaned in ﬂceﬂone, followed by rinse in 200 proof

gthanol.

2. An area of measured dimension was selected at rendom from Lhe test fllter,

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

3. Several drops of acetone were placed on the fil-er segment to partielly

dissolve and secure 1t fo the plate,.

Ik, The samples were ashed for a period of two hours by using o low temperaiure
asher at a chambe} pressure of .5 torr {70 Pa) oxygen snd power c¢f

200 walts.,

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

+ ) - placed on the residue, znd a clesn watch glass vas used to grind the mixture

rdr a period of five minutes.

6. A second clean gless dlide wes then placed over the mixture of nitrc-celluloge

and residue, and u "smear" obtained by pressing the two slides Logether end
3

then sliding them apatt.

7. The films thus formed were permitted to dry and then removed by scvoring the
edge of the slide with a scalpcl and “floating" the film free from the slide
in ¢ distilled water bath. 7Tt was fournd that the film was most ersily removed

) from the slide introduced in Step 6.

*Sample preparation lechniques outlined below nre similar to ithose
reported by Selikoff, el nl. in Reference 2.



. "8, Approximately. 10 el..tron microsccn: grids (3 rm, tindor grids)
L . R ,
1] \

were ploced at rondom on the floating film, and Lthe film wns liffed bty
putting a clenn slide on tovw of the film and drewing the slide down Lhrough
' \ ' .

the water éo es to trep the grids belwcen the slide and the film {which

——

scould now cling to the slide).

Ll . . | '

' ! Nl

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

‘ vrevent charging during examiﬁation in the trnnSmiésion electron microscope {1%M
Direct examination specimens were prepared by depositing a carbon

layer on the dust side of the test filter and dissolving Lhe filler in ncetone.

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

griad location refevence mmarks,

TEM EXAMINATICN AND COUNTING -“ROCEDURES

. l .
' Apprcximately ten eleclron microscope grids were prepared for sacn

.H of the five filter sarples analyzed. Four prids were arbitrarily sclected
1 ‘ from each &ample and two grid equares on each gric vere sconned for agbestos,
}1 .

« |- The individusl gfid squares ere approximately 90 pym on eazch side and were

i examined at a TEM magnification of about 40,000. Tor each grid ares scanned,

photographs were taxeq wherc possible of the first, last, and one randomly
’ 1
' chosen fibril for the rurpose of determining an average [ibril dinmeler accurately.

]{I : . Measu;eALnts vere Lhep mede visually; that is each [ibril, fiber, or asbestos
bundle was compared to knowm calibration marks on the electron miecroscope sereen
q t; estimate Lhe lengtﬁs. The length could be eslimated to within 207, as
determined ty ithe photngraphic measurements. The mnrks on the serecn ore 9.5 cm
xL. . aparf corresponding to 0.125 um vhen A magniiication of '1C,000 is used.
v © ¢« This approach was taken because It was impraclical to photograph sll the fibrils
and, fv%thermore, length mensuremcnts were not as crltical as'diameter megsure~
; 'ménts in"determining fiber volume. Where both mcasuremenr methods were used,

.+ the values providing the greatest indicnted brake sshestds levels wore chosen,



ASBEGTOS CONCLNIRATION ON FILTERS

§§gg;g . Somple Identifjcation , Concentration (ng{cma of filter)

! ‘ ‘ ; Test-normal stop-new brakes 15.32
. 3 . MBackgfound for A y 1.06
‘ ¢ " Test-normal atcp-burnished hrakes T.98
YD _Background for ¢ ' 4.6h

‘E Test~high tonpersture I
. slop-burnished brokes S.37

P Beckground for E - not used,

insufficient semple

-, Blank - Fnused filter 0.33

From photographic measurements of 120 chrysotiie fibrils, the. asbestos
{ibril avérage dinmeler was determined to be 0.0337 wm with distritutions
simtlar to that observed by other workers (10). Fram 45 fibrils of Lriple jet-
milled chr&gotile'the average diameter was determined to be 0.C316 um with

13

,  ~tanderd deviation of 0,0063 km.

ASBESTOS IDENTIFICATION
Asbestos can tp identified in the transmissior clectron microscope \

in one of two wa&s. The first ond obsclute methed is by electron diffraction,
(

|

,.Such a diffraction pattern is presented as Figure 8. Mensurement of dismeters
and correlation of these measurements with & known slarndard gives the interplanar
spucings of. the materiaf. Comperison of thege spacings with “he ASTM file
iden£ifics the material ns clino-chrysopile (asbeston),

‘The second method of identification is by appenrance. ¥Figure Qa

represents an image of ashestos obtained in the TEM, Fine lemollae are

obtserved within the fibril which are parallel to the long w«iz, This appeararce
[} . .
is charccteristic of chrysotile asbestos fibrils. Because of the nature of the

electron beam, radiation rnd heat damarse nnn occur in Lhe materiol mrrkedly
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1 change: In ssbesics are represented in Fipure G,

the fibril of Figure 9a hos been chgngcd to n ; '

v e

La and calculated

O ———————ta—

. Temp Use | Caleulation
¢y | Bkerd Pasis

56| 0.56h{ Measured
.27 | 0.00 | Measured
.37 ‘0.12* Measured
.33 0.33 Measurecd
62 { 9.62 | Measured
48] 1074} T(3)-(4}] x (5)
96 | 1.90% (6) * (1)

. . A(T)
7.0 (8} x (1}
| \ 235 Frem Meqa.
0586 (9) x (10)
070 Measured
.CO55% (11) + (12) x 120
- AR a{2)
33 (10) x (14)
1. 018% (1L} + (15) x 297
: A (1) + (12) x 1C9

to iasufficient sample
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\ .
ELTIMATTON OF BRAKE LINING ASBESTOS DILUTION IXN JRBAN ATMOSPEITERE

The concentration of asbestos fiber from the breoke lining wear debris
| .

is assumed to be the same as was found in the "normnl uszge" dynamomeser Lest

N

end to be dispersed and have lhe:seme residence times as the lead emitted from
c |
the engine, Assume en average mileage of 15 MPG from cars which emit T5% of

the lead to the gimosphere. ‘

‘When gacolire averaged 2.52 grams of lead per gellon, the tyvlcal
lead concentrations in urban atmospheres were aboul, 2 ng/m> (JAICA, Sep. 1909,
19, p. 684)., Typicel U. S, cars wear 202 grems of lining per year and drive
10,00C miles per year.! 1he "normal usc"” dyneinometer tests provided asbestos
Tiber amournting to 0,0023% (2.3 x 10™7) of the breke lining worn,

Allowing 2 factor of ler to proéide an upper tound in this determine-

tion, the esbestos concentralion in urban atmospheres Trom brake wear should be
1)

less thﬁn

3
’

K 10 (203 x 10°9)

(202 g 2 ng Fh/m>(i5MPG) ] 0.07 ng
\10,000 m:.) Lz 50 10 g B 1s) J or e

' AN

Urban atmOﬁpheres vary in asbestos fiber concentration frem city Lo
¢ity, within a city, and ffom one time to another. This variqtion does not
correla&e with expecfed automobile- brake usage. The concentration has been
reported to reach XG0 ﬁé.(Q). Thus it aprears that the wear of brake lining
produces, &t most, alsmall fraction of the asvesios fiver in urban air. This
Y= not surprising when one éonsiders that breke lining wear involves only 1.5%

of J. S. asbestos usage and that brake usage converts over 99.95% of this to

non=fibrous dust.



CALCULATIONS Q% «"JLLECTICN FFF1CIENCY

LINING COMPOSITION ESTIMATE FROM LABORATORY ANALYSIS

[

WEAR DEBRIG ESTIMATF

1 4

’

510, 16.3%\
MgO. 17.8 y '
Feads 2.5 * Chrysotile Asbestos “2,4%
Al505 . 0.3 ‘
Ha0 5.5‘ |
CaCOg 15.4
Zn 3.9
Organic _38.3
Total 100. 0% |
N .
" Decomposed Asbestos 36.9ﬁ'
Decamposed Limestone 8.6%
Zinc ﬁetal _3.9%
Inorganic 4g.44,
ORTANTC t
4 Volatile 10.5%
Uncertain ) 15.7% °
Low Volatildty 12.)%

Crganic Collectable

ML wai‘erse

Tolal Caollectsble

Collected

Collectabte Material

- S 3 W LAk
[TX) 1_' e ?:‘.‘.\;‘ o :' ar

»

.‘-..l

12.1% to 27.8%
. 61.5% to TT.2%

on Filter s

5% 4o 30,09

. . .
B - AL NPAL
T N R .

2
‘3
I~
e
.
.
*
<
¢
L]
.
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Figure 1
Figure 2
Figure 3

rigure &

-figure‘s

Figure 6

Figure T

Figure 8

Figure 9a,b TEM image of fitril before (a) and atter (b) electron beam dumage.

[

o

Dynamomeler tenl schematic.
Rwﬁgmometer test setup.

View' of brake assembly and test grid.

TEM imaege of chrysotile asbestos fibers.
TEM.i@age of partielly opened fiber bundles.

TEM image of fiber bundle on ‘"normal use” filter.
TEM image of fibril on "normal use” filter.

M electron‘diffration pattern of chrysotile fibril.

1 . .
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