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£.0 TRICTIOR MATERIALS

friction materials are used in practically all industries as 8 key companen:
in cluteches for transmitting torque, brakes for slowing down or stopping motior,

o- 25 torque limiters. Although friction applications to automobile brakes and

cluzches are the most imporTant ccmmercially.|asbestos-friction applications|zre

ao: iimited to brakes and clutches in automobiles, trucks, busses, construction
ecuipment, and railroad cars. Rather, these applicacions are Ifound wheresver
motior must be concrolled. The following examples shov the diversification of
friction material usage: £farm tracteors, presses, boi;ts, tensioning devices it
production of wire and plastic rope ané cable, lift trueks, macnine tools,
shutrctlecars, speﬁialized mining equipment, chainsaws, drilling equipment, spin-
ning and knitting eguipment, x-rav machines, wheel brakes, tape recorders,
typewriters, bicycle brakes, snowslowers, and washing machines (Daly et al.,
1976). Asbesrtos is an impoTLant ingredian: iz these friction material products
because it Iimparcts strength, good fricrion properties, can withstand high tem—
peratures, and is ; good imsulator.

6.1 Sratistics

£.1.1 Use ODuanritv and Shioment Values

From Table 4.9 (p. 46), it can be seen that U.S. demznd for
aspestos in friction products has ranged iror sixty-five to eighty thousand
short tons annualiy f}om 1967 to 1976. This amounts to approximately 9% of the
total T.S. asbestos demand (consumption).

The rrend in the value of shipments of asbestos friction material

is shown in Table €.1. During the five year period from 1967 to 1972, shipment

P-FMSI-
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Table . 1.

1972 Censun of Manufacturers)

Valuer ol Shipments of Asbestor Frictien Materials (D.%. Bureau of the Crnaun,

Total Product Shipments,
lucluding interplant tranafers

S1cC
Praduct -
Code Product 1972
32922 - Asbestos Friction Haterialas - Total . 209.5
Braker Liolngs:
32922 11 Woven, contalning asbestor yarn, 10.2
tape, or cloth
32922 15 Molded, idncluding all non-woven typen 113.1
32922 21 Disc Brake Pada 14.2
Clutch Facing:
32922 51 Woven, coutaining asbeatos yarn, -19.9
tape, or cloth '
32922 55 Holded, including all non-woven typera 4B.5
32922 00 Asbestous Frictlon Materlala, n.r.k, 3.6

1963

17.2

16.1

177.7
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-he tocal product shipments of asbestos friction materials would be approxi-
mately $271.3 milliup in 1975 2néd $295.7 million in 1976.

Table 6.1 also gives & breakdown for the major asbestos friction
paterial products. In 1972, brake linings accounted for nearly 55% of shipmen:
veiues while clutch facings ac:ounged for slightly cve:_SZI of the shipmer:
velues. 1If éisc brake paas are incivded along with brake linings, then asbestos
brake-caterials account for 65.6% of the total value ol aspestos-fricrion
materials. Clearly then, "prakes' are by far the most inpor:ant cozmercial
product in. the friction material category.

6.1.2 Industrial Firms

Table 6.2 lists the U.S. manufacturers of gsbes:os—bearing
f-icrion materials along ;i:h their respective sales of friction materials in
1575. The larger firms include not only tne essentially captive prodﬁ;ers. such
as tne Delco-Morzine and Inland Divisicns of General Motors Corporation and the
Cycleweid Division of Chrysler Corporation, but aisc the diversified industrial

product manuiacturers, such as kaybestos-}anhartan, Bendix, Abex, and H.K.

Porrer. 1In addiriom, the list includes many smaller, typically single-plant

K,

ires, uhich manufacture friction products for both the original egquipment and
replacement maTrRet.

The first eight firms listed ov Table 6.2 account fﬁr nearly 75
to 85% of the rotal es;imated sales of asbestos friction products in 1975. This
ratio is consistent with the historical pattern Ior the industry, which indi-
cates that in the 195&7to 1967 period, the eight largest firms accounted for

petween 86 and 91% of the industry's value of shipments (Margolin and Igwe,

1573; U.5. Bureau of the Census, 1872).
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Table 6.2. U.S. Manufacturers of Asbestos-Bearing Friction Marerials
(Economic Information Systems, Inec., 1976; Margolin and
lgwe,” 1975; SRC Estimates)

Estipated 1975

Sales of
Friction Marerials
- Cogpany : Piant Loca=ion ($ =illion)
Ravbestes-Manhattan, Inc. Stratford, Comnr.. 110.0
¥annheim, Pz.
Cravforédsville, Inc.
Fullerzon, Calif.
Lendix Ceorporation Troy, K.Y. 72.5
Cleveiand, Tenmn.
Abex Corpcration Cleveland, Ohio 7 60.1
) Iroy, Michigan
American Brakeblok Division
Winchester, Vez.
General Motors Corp. Delco-Moraine Div. 30.0
Dayton, Onio
Inland Division
Daycton, Onio
E.K. Porter Co. Huntington, Indiana 26.0
L Richmond, Ry. : T
Chrysler Corporation Cycleweld Division —
' Trenton, Michigan
Lorg Warmer Corporatien Spring Division _ —
Bellwood, I1l.
World bestos Co. New Castle, Ind. _ . 18.8
Rational fricrion :
¥rogucts Corp. Logansport, Ind. 10.2
Catke Corporation Warsaw, Ind. . 10.0
Carlisle Corporation Ridgeway, Pa. 8.7
Maremonr Corporation Grizzly Products Division 8.7

Paulding, Ohio
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1
Estimated 1875
Sales of
Friction ¥aterials
Company Plant Location ($ milliom)
Scancura, «DE-. Cnzrlotte, K.C. —_—
mar Pro Corporationm Grizzly Brake Division —_——
Chicagoe, I1l.

Scandco Industries Houston, Texas 8.7,

Forcee Mfg.. Corporation Tappahannock, Va. — T
koval Ind. krake ]

Products, inc. Danville, Ky. 5.7
Apto Fricrion Corp- Lawrence, Ma. 5.7
1.J. Miiey Co. Caicage, Ili. £.5

Tricrion Products Co. Medina, Oh. 4.0
United States Erake A

Lining Corp. ¥iami, Fla. 2.9

Brassbestos Mfg. Corp. Patterson, K.J. . 1.7

Southern Friction

Marerial Co. . Charlotee, K.C. —

. Redcaway MEg. Co. Newatk, N.J. 1.7 -~

¥slded Iné. Friction Corp. Prarrviile, Ala. —_

Auto Specialties Mig, Co. st. Josepn, Mich. —

Lasco Brake Products Co. Oakland, Calif. <l

california Blek Co. Cardena, Calif. <l

MGM Brakes, Inc. Cloverdale, Calif. <l

Wnheeling Brake Block
Mig. Co. Wheeling, W.Va. <l
Bridgeport, Onhilo
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U.5. Manufacturers of Asbestos-Bearting Friction Materials (Cont'd)

Table 6.2.
Estimated 1675
Sales of
Fricticn Matercials

Company Plant location {5 million)
Baléwin-Thnner Bill, Ins. Trenton, K.J. <}
Triokel Chemizal Corp. Trenton, K.J. <l
P.T. Brake Lining Co. Lavrence, Mass. —
Hunt/Airheart Products, Inc. Chatsworth, Cal.. —
Re-Bilr Auto Products Corp. Brooklyn, K.Y. _—
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1972, the U.5. Bureau of the Census 1isted the rotal value of shipments of as-
pestos friction products as $209.5 million which was projected 2as $§271.3 milliz:
for 1975 in Section é.l.l. Trom Table 6.2, the estimated sales of asbestos
fricrion materials in 1975 total nearly §370 million for the 1isted figures; Tn
companies with no listed figures may cotal_anothar $50 million. The differenze
fron the value of shipments as reported DY the Bureau of the Cénsus and the
estixmates given in —able 6.2 are due toO variations im definition and repoTting
coverage. Shipment value does motL include freight charges and excise taxes
which are included in the actual sale ccst; Alsc, the Bureau of the Census
figures are based upon surveys at 23 asbestos-'r1c£1on marerial establishments
Table 6.2 conﬁains 44 egtablishnents. Although the Burgau of the Census gurve
sTobably inciudes most cf the larger establistments, the ones which were not
surveyed are not available. .
6.1.3 Planté

Figure 6.1 shows the geographical dispersion of friction mater
plants in he ﬁ.s.‘ Not surprisingly, they renc tc be concentrated in and aro
the majqr merropolitan centers of the Northeast and Midwest, with a few plant
located in éaliinrnia to primarily cater to +ne needs of the sutomobile 2SSED
plants in that part of The countrys. -

As would be gxpected of a mature industry, mos:.of the plants
eguipments at? old, usually over forty years of age, with the possible excep
of newer captive facilities belonging tO the automobile sanufacturers. Pro-
duction processes have changed only marginally over the years, and lapor rat

than capital intenslity appears to be the norm in moSt of the clder plants

(Margolin and 1gwe, 1975).
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6.1.4 Future Proiections for Asbestos Use (Ctifron. 1875)

- Asbestos demand for friction products was projected to the vear

2000 at an annual growth rate of 1.50 percent. This figure was based on a
formula derived from least-squares regression analysis of totel asbestos dezand
modified by the estimated growth in the automobile indu;:ry and economic indi-
cators, which showved the best correlatiom.

Asbestos is an important part of many types of friction materials
{or use in automobiles, trucks, and other transpor:a:ign equipment. Modern
industry could scarcely function without asbestos friction materials. 1In addi-_
tion to using asbestos in brake linings, today's motor cars, equipped with
automatic crapnsmissions, get their drivé from metal transmission disks, which
are covered with a super-tough paper containing crocidelire asbestos. The
average autcmobnile with power shift contains from 8 to 12 of the paper lined
¢isks. Al:zhough the quantiry of asbestos in each rransmission is small, the
output of more than B million autcmatié transmissions annually requires disk
paper production in hundreds of tons.

A ;ev coméésition disk-brake-shbe ynit ccn:aining'asbestos.
designed to meet the critical braking requirements for the new 150-mile-per-hour
cassenger Train systems, has beeﬁ developed. -

Based on an estimated forecast of the number of mdtb; vehicles
produced in the year 2000 (approximately double 1973 production) and on the
assumption thac.ghe uvse of asbestos per venicle will remain at present levels,
the forecast for asbestos demand in user—opérated vehicles is projected to
118,000 tons. An increased number of public transportation vehicles and equip—

ment using parts made of asbestos or maintaining the present quantiry used per

vehicle could result in z demand as nigh as 144,000 tons.
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6.2 Manufacturing Process Tecnnology

Several different processes are used to manufacture asbestos brake
linings and clutch facings. Manufacture can be accomplished by a melding proc-
ess, in a dry or wet-mixed state, or by a woven process; these'procésses, wvhich
are descriped below, are taken firom Gregg (1974). Tne Taw materials used for
forming azsbestos-friction mzterials are discussed in Section 6.3.

6.2.1 Mpldecd Progucts

£.2.1.1 Drv-Mix Process

The manufacturing steps typically_used in dry-mix molded
brake lining manufacturé are shown in Figure 6.2. The bcnéing agents, metallic
constiruents, asbestos fibers, and additives are weighed and mixed in & twe-
stage mixer. The mix is then hand-tamped into a2 wetal moid. The mold is placed
in & preforming press which partially cures the molded asbestos sheet. The
a2sbestes sheet is raken from the preforming press and put in 2 steam preheating
mold.to soften the resin in the molded sheet. Tne molded sheer is formed to the
proper &rc by 'z steam-heared arc former, which resets the resin. The arc-formed
sheets are then cut to the proper size. The lining is then baked in compression
molds to retain the aTc shape ;nd convert the resin to a2 thermoset OT permanent
condizion. The lining is then Iinisned and, afrer inspa::ion, is packapged. The
finisning steps include sanding and grinding of both sides te correct the'thick-
ness, edge grinding, and drilling of holes for rivets. "~Following drilling, the
iining is vacuum—~cleaned, inspected, branded, and packaged (Gregg, 1974).

6.2.1.2 Wer-Mix Process

Figure 6.3 shows the major steps in the manufacture of wet-

N . N\
zixed molded brake linings. The name "wet mix" process is a mignomer and refers
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RAW MATERIALS

STORAGE
PROPORTIONING

MIXING
PREFCORMING
PRESS
COOLING WATER STEWI
.
' prpe >COOLING WATER
PREE CONDENSATE
COOLING WATER STT
L]
s "aCOOLING WATER
FORMER
ARC CONDENSATE

CUTTING §= &> DUST

COMPRESSION MOLD
BAKING OVEN

. =

FINISHING pPe>> DUST

INSPECTION
PACKAGING
STORAGE

:

CONSUNER

Figure 6.2. Dry-Mixed Brake Lining Manufacturing Operations
(Gregg, 1974)
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rela;ively érv. After weighing, they are mixéd in a sigma blade mixer. The
mixed ingredients are then sent to grinding screens where the particle size of
the mixture is corrected. The mixture is conveyed to a hopper and is forced
from the hopper into the nip of two form rollers which compréss the mixturce into
2 continuous strip of fricciqn marerizl. Tne strip is cut into the proper
lengcths and then arc-formed on & round press bar. Tne cutti;g and arc forming
operations are done by separate units. The linings are then placed in racks angd
either air-dried or oven-dried to remove the solvent. An alternative process is
to place the arc-formed linings in yetal molds for baking in an oven. Trom the
ovens, the linings are finished, inspected, and packagec (Gregg, 1974).

Molded clutch facings'are produced in z manner similar to
the wet-mixel process. The rubber fricrion compound, solvent, and asbesros
Zipers are introduced into a2 mwixer churn. After the churn mixes the ingredi-
ents, the mixrure is conveyed to 2 sheeter mill which forms 2 sheet or slab of
the materizls. The sheet is then diced into sm=21]1 pieces by a rotary cutter.
The pieces are placed in an extrusion machine which Zorms sheers of the diced
materiazl. The sheets are cﬁt into the profer size and then punch-pressed into
doughnut-shnaped sheets. The scraps Irom the punch press are returned to the
exrrusion machine. The punched sheers are placed on Tacks anéd sent to-a drying
oven and then a baking oven for fina} curing and solvent evaperation. The oven-
dried sheets are finaily sent to the finishing operatioms. VFigure 6.4 1llu-
gTrates the steps in the manufacture of molded clutch facings (Gregg, 1974).

6.2.2 Woven Products \

Woven clutch facinps and brake linings are manufactured of high

strengih asbestos fabric that is frequently reinforced with wire. The fabric is
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Figure 6.3. Wet-Mixed Molded Brake Lining Manufacturing Operations
(Gregg, 19743
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predried in an oven or by an autoclave to prepare it to be impregnated wit
resin. The fabrie can be impregnated with resin by several techniques: 1) imme-
sion in a2 bath of resin, 2) introducing the binder in an autoclave under pressure
3) introducing dry impregnating material into carded fiber before producing
yarn, and &) imparting binder into the fabric from the surface of a roll. After
the solvenﬁs are evaporated from the fabri¢, it is made into brake linings or
clutch facings. Brake linings are made by calendering or hot pressing the
fabric in moids. The linings are then cut, rough grouné, placed in molds, and
piaced in a baking oven for fimal curing. Following curing, the lining is
finished, inspected, and packaged (Gregg, 1974).

Fipure 6.5 illusrrates tﬁe manufacture of woven clurch facings.
The treated fabric is cut into tape-width strips by a slitting machine. The
strips are wound around a wandrel to form a Toll of the fabric. The roll is
rressed In 2 stezmr—heated press and then paked in an oven to cure the resin in
the clutch facing. Fellowing curing,'the clutch facing is finished, inspected,
ané packaged (Gregg, 1974).

6.3 Composition of Friecrtion Materials

Many raw materials, including some whose exact roles are regarded as
propriecary kﬂouledge, are used in varying gquantities in rthe manulfacutre of ~
friction materials. The major, or foundation constituen:t, of pratﬁically all
organic friction materials is asbestos fiber. The asbestos usuvally used in
friction materiais is chrysetile from Quebec or Vermont (Jacke and DuCharme,
1573); grades 3-7 are used; however, grades 5 and 7 account for nearly B2Z of

the total (Clifron, 1977). Asbestos is used because of its thermal stabiliry,

relatively high friction level, and reinforcing properties.
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Figure 6.5. Woven Clutch Facings Manufacturing Operations
(Gregg, 1974)
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Asbestos alone does not ofier all of the desired friction properties.
Therefore, other materials, knowmn as property modifiers, are added to the asbes-
tos fibers. Modifiers are varied in type and content to provide desired levels
of effectiveness, wear, fade, recovery, and noise. A binder is also added to.
hold the oiher materials together with adequate strength.

£.3.3 Zinders

Table 6.3 lists binders and Property modifiers wnich are use? in
automolive brake linings. The binders used in the automorive industry today are

primarily phenolic-rype resins which are noted for high binding efficiency and
abiliry to withstand pyrolytic breakdown (R;hl_gs.él.; 1976). ihey are prepared
2s the condensation product between the appropriate phenol (sometimes modified)
and formaldenyde in the presence of an acidic catalyst to yield the novolak.
Wnen mixed with an appropriate curing agent, they polymerize. at eleva:ed.tem-
peratures to an inscluble, infusible mass {Jacko and DuCharme, 1973). Other

resin systems in wide use are based on elastomers, drying ‘oils, or combinatioms.

6.3.2 Provercv Modifiers

Pernaps the widest range of materials used in friction products
are the property modifiers. Table 6.3 indicates the range and diversicy of
these modifiers. 1Iin general, property mocifiers can be divided into two classes:

non-aprasive modifiers ang abrasive modifiers {(Gacke znd DuCharme, 1973),

6.3,2.1 Ncﬁ—hbraéive Modifiers

Non-abrasive frictionm modifiers can be classified further as
low friction and high friction. The most comaon and best known of the high
friction materials is known as fricrion dust. This is 3 cured resinous materi-

al. The mosrt fireguently used varicty is derived Irom cured or polymerized
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Table €.3. Binders and Property Mocdifiers In Automotive Brake Linings
(Ronl et al., 197¢; Jacko and DuCharme, 1973; various patent
literature, Bark et al., 1975)
Binders Property Modifiers Use Funetion

.Phenolic-type resins
Ratural rubder

bunz N Tubber
Ritrile rubber

Tire sSCcTAap

Pitch

Cork

Gilsonite

Llastomers

Drying oils’

Graphite
Coke . =
Cozl

Carpon black
Gilsonice

Rottenstone (S5i0,)
Quartz (S$i0.)
Wollastonite (83510 )

Brass Chips

Zinc and compounds
Alluminum

Limestone (CaCO )
Clays

Silicas

Earite

lead and compounds

Friction dusts

Antimony cowmpounds

‘Caleium compounds

Copper and compounds
Barium hydroxide
Potassium dichromare
Magnesium carbonate
Iron oxide
Crvolite (Ra
Fluorspar
Cardolite

6AlF )

"Nickel

Sulfur

Molybdenum disulfide
Calcium fluoride

Lower friction coefficien: and noise

Remove decomposition deposits
L1

”"
L 1]
"

Improve wear resistance
L1}

Lubricant to prevent grabbing
See discussion in Sectionm 6.3.2.1

_Rot available
[ 1]

"
L 1]
n
LU
L1l
n
n
"
n

Lubricant
Lubricant
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cashew-nut-shell liquid, chemically 2 phenelic ccmpound. When heated with
hardening agents, such as hexamethylenetetramine or formaldehyde, it becoxmes
sufficiently hard or polymerized to be granulated. Many other cured resinous or
pclymeric materials, some with fillers, are also used. Certain friction dusts
are combinations of these materials and cashew resin. éround Tubber is normally
used in particle sizes similar te, or slightly coarser than, those of the casheu
friction dusts for noise, wear, and abrasion control (Jacko and DuCharme, 1973).
Carbon black, graphite, perroleur coke flour, or other
carbonaceous materials may also be added as fricrion modifiers to lower the
friction coefficient or to reduce noise. These materials are normally used in
the form of fine powders or particles, although graphite is somerimes uséd in
coarse particleé or pellers. The amount cfrfric:ian mocifier added is dependent

upon the properties desired in the final composite (Jjacko and DuCharme, 1973).

€.3.2.2 Abrasive Modifiers

Abrasive modifiers; such as aiumina and the silicas, are
usually used in relatively small amounts and only in very Iine particle sizes
(generzlly 100 mesh or finer). Parcticle size is limited by the'faéé that large
particles of sucht hard materials would groove and wear the mating surfaces.
Minerals are génerally added to improve wear resistance ar winimum cost. Those
most commonly used are ground limestone (whiting) and barvees (bar'iu:_: sulphate),
Though various types of clay, finely divided silicas, and other inexpensive or
abundant inorganic powders may aisc perform this function. Such materials are
inorganic in nature and tend to detract from noise properties and marting surface
compatibility (Jacko and DuCharme, 1973).

Metals or metal oxides may also be added to perform specific

functions. Brass chips are frequently found in heasvy-duty friction materials
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vhere, as scavengers, they break up undesirable suriace £ilms. 2inc and ajuzi-

aur are also used. Zinc chips, in relatively small amounts, can contribute

significantly to TECOVETY of norwal performance following fade (Jacke and

DuCharme, 1673).
6.3.3 Composition

Tne average composition of 2 typical automobile and truck brake

l1ining is shown in <able 6.4a. Individuzl mixes may vary considerabiy irow these

averages.
Table 6.42. Average Brake Lining Composition (Lunch, 1968)
(wt )
Ingredient Automobile Truck
Asbestes 55 _ . 33
Resins ané Polvmers 28 48
Oxides and Pigments 9 16
Metels 3 2
Carbon, Grapnite, etc. "5 1
100Z 100%

Manufacturers are very reluctant to release their exact compesi-
cions due to proprietary considerations. A search of patent literature reveals
ligpited¢ information, although several examples from the patent literature are
given in Table 6.4b.

6.3.4 Summary

The tables and examples given in Section 6.3 have been included

to illuscrate the wide variéty of compositions wnich are possible for fabrice-

rion of automotive and truck brake linings. Erake linings nave been singled out
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Table 6.4b. . Brake Llining Compositions from Pat:it_Litera:ure

(vt 2)
Example No. 1% Example No. 2*=x
Asbestes 55 Asbestos 60
Barite 10 Pheneolic resin 15
Phenolic resin binder 20 Ritrile rubber .. 3
Erass 5 Czshew dusts 12
Magnesiurn carbcnate 8 Calcium fluoride 7
Limestone " 8 Copper iodide 3
Organic calcium powder 1o
Zxample No. 3%k* ' Example No. {dkkkx
Asbestos 33 Asbestos 50
Barite 2.5 Tarry residue 12
Grzonite 7 Barite 20
kracs 13 ’ Phenolic resin 20
Pnensiic resin 7 Graphite 2
Leai oxide 11.5 )
Tuna K rubber g
kaphtha 7
Copper sulfide ' , 12.5

M=thyl echvl ketone

* Sakata et al.y 1974 (Hitachi)
** Toyotz Central Research and Development Labs, 1%71
**x Reller, 1969 (Abex)
*tx* Mitchell, 1974 (duPont)
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srom the asbestes-fricrion products for examination because of theilr dominance
of the asbestos-friction products marker as shown in Table 6.1. Wnen the varia-
tions of compesitions are coupled with éhe variations of manufacturing process
methods (as described in Section 6.2), it is possible to view a brake lining
made DY ccﬁpanf A as substantially different from a brake lining made by com-
pany E, zlthough the Iintended use applications mav be the samﬁ. Fron this
srandpoint, it is enrtirely reasonable to speculate that asbestos emissions
during auromotive brake use may vary in concentraticn, depending upon composi-

tion and process manufacture of the individual linings.

6.4 | Asbestos Emissions|from B}ake Linineg Use

Asbestos has been identified in over 200 air samples taken from the
atmosphere of 49 cities in the United States (Nicholson et al., 1973); asbestos
was present in every sample taken. Asbestos has also beern found in air samples
iron European cities (Holt and Young, 1973) and from air samples collected in
Australia (Alste et al., 1976). The asbestos manufacturing industry may not be
the source of the asbestos emiscions found in urban air samples cited above.
According to Holt and Young (1973), "the object of our investigations was only
to ocetermine whether, aspestes fibres are present in the atmosphere of towns
wnere tnere i nc asbestos industry, The result was pesitive in every case.™

Tne source ol asbestos emissions, in the absence of asbestos mining
and industry, is a matter of speculaiion. Holt and Young (1973) and
Selikoff et al. (1972) suggest that the asbestos source may be construction
vnich uses building materials wade from asbestos. Alste et al. (1976) consider,
as a source, that asbestos emitted from automobile brake lininge is a "strong

possibiliry." Alste et al. (1976) found that the zir ccncentration of asbestos
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was much higher at points where considerable braking occurred, as compared to
points of virtually no braking., This result is apparently in agreement with
measurements made in New York City which found that the asbestos alr concen-
trations contiguous to a2 toll booth were three ro five times higher than back-
grounc levels (Bruckman znéd Rubino, 1577: Kicholsoqp et al., 1971). Tnis sub-
section will censider the possibility cof asbestos ermicsions fros brake liming
use.

6.4.1 Published Literarure

A number of arricles and publications (Rohl et al., 1976, 1977;
Alste et al., 1976; Jacko and Ducﬂarme. 1%73; Jackeo EE.él'- 1973; mush et al.,
1572; Hactch, 1970; Rickish zme Knight, 1970; Lynch, 1968) have discussed the
asbestos emissions from the use of brake linings., Table 6.5 gives a brief
summary of this published data in rerms of methodologies and results. As can be
seen Ircw Table 6.5, there are important discrepancies in rhe resulcs ab:ained._

6.4.1.1 Discrepancies in Asbestos Contenr of Emissions or Debris

Lvnch (1968), Haren (1870), Rickish and Koight (1970},
Jacko and DuCharms (1573), and Ancevson et al. (1973) reported figures in the
range of 17 or less for rhe asbesres content of emissions or debrisg resulting
frox brake lining use. 3ush er al. (197Z) ané Ronl EE_E;.'(1976, 1977) arrived

-~ and 2-15% asbestos content,

H

£ Iigures which are substantially nigner, &4
respeztively. Wnile.Alste er al. (1976) 213 nor arrive ar a2 percent figure,
they did conclude trat the major effect of braking appears to pe separation of

bunches of fibres and reductien of their average length, but not alterarion of

their crystal srructure. This conclusion may certainly result ip a relatively

high asbestos content for wear debris.
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Table 6.5.
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Table 6.5. Sumwary of PFublished Data - Asbestos Fmiselons from Brake Lining Use (Cont'd)

Fubllent ton
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Rohl et nlb., 1976
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M

1o. 1976
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Tne 44%Z fipure cozputed by Bush e: ai. (1572) is tasec
upon a neutron activatiom analysis, which is a technique for finding the
elemental composition of a sample by irradiating the sample with neutrons,
thereby causing the elements to become radioactive. Bush et al. is careful to
point ou: that chrysotile aspestos is a magnesium silicate and neither magne-
siux crnsilicon are able to be dererzined utilizing the parzicular technique.
Tnerefore, asbestos content of the wear debris was dererzined by mezns of a
scandiuc concentratiot. Scandium was a trace element (~ & ppz) present ic
the chrysotile used in the experiment. Neurren activalion can be a verf
pre;ise and useful techmique for determining elemental composition; unforcun-
ately, :He-astStos conteant of any particulaf wear debris sample cannot be
cozpured by an elemental analysis. _Chrysotilerasbes:cs is a unicue crysctal
structure o z magnesium silicate (see Section 2.1); hear or otner physical
means can destroy this unicue structure, therepy creating a differen:t compound
wicth different properties. However, the elemental composition of the difierent
compound will be identical with chrysetile. Kohl et al. (1976) dete;mined
-that the magnesiwux:silicon razi; of an asbestes friction material is the same
before use and after use (zs determined fros wear debris via chemical analyses).
‘Tnerefore, the 445 asbestes conrent figure computec by Bush-er al. (1971) does
not represent the aspbesios CONlent, put rather it Tepresents the magneéiun
silicate content. Wnen considering wear debris from Iriction materials,
neither neutron activation nor chemical analvses are useavle techniques for
anaivsis of asbestos concentratiorn.

The major conflict te be resolved is the high asbestos

content suggested by Alste (1976) coupled with the 2-15% asbestos content figure
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the temzining publication sources listed in Table 6.5. The difference of re-
sults appears to be based upon collection methodologies, analysis techniques,

and interpretations.

6.4.1.2 Collection Methodologies and Partitle Size Distribution

The first major consideration of methodology is the rype of
samples which were coliected. Llynch (196E), Bush er al. (1972), and Anderson
et al. (1873) collecred laboratory samples produced by simulations, while other
researcners listed in Table 6.5 collected samples from automobiles which were
undergeing or had undergone actual driving conditionms. Conditions encoﬁntered
during actual use may not he tot;lly repreducible in thé laboratery; hence, the
asbestes emiﬁsion factors may be somewhat different. It would seem probable
that samples collected from actual auto use may be more relévant to airborme
exission porential tharn laboratory simulations.

Jacko and DuCharme (1973) used specially designed collectqr;
wnich enclosed brake and clutch assemblies whnich allowed wear debris samples to
be coliezted while the.teSt car was peing driven on the srreez. Rohl er al.
(157€, 1977), Alste et 21. (1976), Hickish and Knigh: (1970), and Hatch {1970)
collected wear debris samples from automobiles in repair shops which perform
trake wmaintenance.

Ancther area of consideration is the asbestos particle size
distribution in the 'wear debris. -Rohl et al. (1976) derermined that approxi-
mately four-fiftns of che wear debris fibers are shorter than 0.4 um in length
while Jacke and_DuCharme (1873) found that 30X of the fibers were from 0.25-0.50 w
in length; According to Rohl et al., some of the discrepancies berween their

éatz and those of Jacko and Dulharme may be attridbured to Jacko and DuCharme's
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use of lower magnification (22,000X vs. 42,000X), at which fibers shorter thran
0.20 um may not be easily seen or identified on the electron ﬁicrascopic
screen. Jacko (1978b) artributes the particle size distribution differences
to a mechanical degradation technique utilized by Rohl et al. (1576) bur not by
Jacko and Dulharme (1973). Harch (1970) also produced size distribuzion
figures, findiﬁg that 94% of the fibers fell im 2 2-5 um length range: how-
ever, there is no indication that Hatch attempred to look for fibers shorter
than 2 uzm. Alsre et al. (1976) Iound that the majority of parricles, whicﬁ
consisrted of small bundies of fibers, had a maximum dimension of < 2 um.

The best available data (Rnhi'gg_gi.; 1976; Jacko and
PuCnharme, 1373; Alste et al., 1976) indicates thar a very high percentage of
the number of fibers, but a swall weight fraction, of asbestos present in
orake lining wear debris is snorter in lenpgth than 2 um; with a substantial
portion shorter thanm 0.3 um.

6.4.1.3 Analvsis Techniques

H%ckish and Knight (1970) £fail to discuss analysis techniques
used to determine the asbestos content in their wear debris and, aiso, do not
fully describe col}gc:ian metnods. Under these circimstances, it is difficult
to accept their results at face values, Hatch (1970) is deficient in analysis
methodclogy aiso, although it appears that ne used electron microscoff-in sizing
particles down to 2 M. Since the Rohl et al. (1976), Jacko and DuCharme (1573),
and Alste er 2l. (1975) studies are the best studies yet conducted on brake
lining asbestos emissions, a closer examination of the three is warranted.

4s seen from Table 6.5, Rohl er 21. determined their 2-15%
asvestos content from X-ray diffractometry (both concinuous and Etep-gcan modes

were used). According to Jacko and DuCharme, asbestos is readily identified
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when alone or in simple mixtures at high concentrations by the following ana-
lytical methods: X-ray diffractionm, thermal methods, micrescopy, and infrared
analysis. However, 1in complex mixtures, or at very low concenrrations, the
analveis for asbestos is very difficult. 1In brake wear debris, the problem is
compounded because the reaction products of asbestos (forsterite, olivine, and
. dehydroxviared serpentine) have similar elemental ratios, and several oon-
fibrous minerzlis have similar X-ray diffraction patterns. The only sensicive
metnod which can be used is microscopy. The accuracy of X?ray diffraction to
de:ermine'the asbestos concentration of brake wear debris is beyond the scope
of this report. ' -

Rohl et al. furcther verified chrysorile presence by
tcansmicsicn elecrron micrescopy and selected area electron diffraction,
"Chrvsozile was found, both in fiber and fibril fcrm, with umaltered scructure
and cnemicel composition. 1Its frequency of oczurrence was consistent with, but
iower than, the guantirarive determination made by X-ray diffraction analvsis.

However, it should be noted that X~ray diffraczion amaivsis is based on both

free fibers and fibers present in clumps; the latter would obscure the presence
of discreet Iibers on eleztron micréscopy study."

.biste et al. (157%) deterxmined the presence of chrysotile
asbestos by electron cicroscopy and electron diffraction and concluded that
the major effect of braking appears to be in separating bunches of fibers and
reducing their average length but not in alterihg their crystal structure. TInis
is an imporrant resulr in terms of the following consideration: If only 15%, or

downwarcs to less than 1%, of wear debris is asbestos, waat happens ro the major

portions of the asbestos originally present in the brake lining? Lynch {1968),

as
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Bateh (1970}, and Hickish and Knignt (1970) presen:t & prevalent theory tha:
"hot spots' created during brakiﬁg cause the local asbestos fibers to undergo
thermal degradation wnich results in thermal wetamorphosis of the asbestos
into z different mineral, such as forsterite (olivine), Jacko_and Dulharme

(1672) found that 20-40% of the wear debris composition was olivine. However,

accoréing te Alste et 2l. (1976) concerning wear debris from brake linings,
"there was no indication Ifrom the diffraction pattern of the presence of
fersterite;” this result was in agreement with Rohl et al. (1976) whe alsc
could not verify the presence of forsterite. Jacko (1976z) did £ind 2 reduc-
tiom of asbestosland the formation of olivine (2 form of fors:erire) on fric-
tional heart-affecred lavers using a combination of X-ray diffracrion and
tnermogravimeiTic analysis. Rohl et al. (1876) and Jacko and DuCharme (1973)
iscussed other ferms of brake liping wzar, in addition teo thermal wear, such
as abrasive wear anc macrosnear wear. However, the end result is probably
this: the asbestos present in the original brake lining, excluding the asbes-
tes wnich is emicvted in tne wear debris, is converted by thermal or other
physical processes iﬁéo'magnesium silicates or other recrysctallized magnesiﬁ#
silicate structures different from asbestos. In addition to unaltered chryso-

tile Iiber in the wear debris; Rohl et al. (1976) observed partially altered b
ané complerely recrystallized fibers. Hol: and Young (2973) reported tﬁé:

some of the asbestros f;brils collected in European city air appeared to have

been heaced,

6.4.1.4 Other Lonsiderarions

The Rohl et al. (1976, 1977) studies are based upon a

vider and more random sampling than that of Jacko and DuCharme (1573).
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Rohl et al. selecieé wear debris sampies froz tenm randoc automobiles under~
going brake maintenance in New York and 29 samples from Australia and EZurope,
while Jacko and DuCharme's wear debris samples came only from original auto
equipment, & partial relining, and a relining for the car tested. Alste

¢ al. (1976) also collected random samples of wear debris from an auto

vezziT Snop, bul apparently ITOm only a few cars at most (a ouch smaller
sampling than Ronl et al.).

Neither Ronl er al. (1576}, Jacko and Dulharme {1973), nor

Alste er al. (1976) considered, or tested, brake linings manufactured by dif~
ferent companies, different technical processes, or different composirtions in
any systematic manner which would be representative of the entire brake lining
industry. Jacko and DuCnarme (1973) did use brake linings manufactured by

five ¢ifferent manuiacrturers, including original and replacement equipment;
howsver, only "class &" friction materials were used. Class A materials refer
to the better gualiry, longer wearing friction materials, as opposed to class
2 materials, which have inferior wear characteristics. Jacko (1973b) suspects
that the wear debris ceollected by Alsre et al. {1876) éay have resulred from
weat of class B brake linings; nowever, there is no confirmation of this
supposition.

Tnere has been no experimental study conducted ﬁ%ich can
confirm or refure the supposirion "that brake linings Qade by different com-
panies, processes, and cqmpositions may coatribute varying amounts of asbestos
emissions into the environment.

It has been suggested by several industry spokesmen that

class A material would contribute a2 smaller asbesros emission to thne environs

ment than class b material. This nas not been confirmed experimentally.

90



Document hosted at JDSU PRA
http://www.jdsupra.com/post/documentViewer.aspx?fid=eb84e489-ebc0-4082-9735-e174082a5h94

industry spokesmen alsco believe that a larger percentage of Ioreign cars
icported into the U.S. are equipped with class B brake linings than cars
zanufactured domestically.

4 recent study by Seshan and Smith (1977) has supportec
the work of Rohl et al. (1976) and Alste et al. (1576) and coatradicts the
work of Jacko and DuCharme (1973). Seshan and Smich (1977) axa;ined autome~
bile brake drum dust using transciesion electron micrescopy. They found un-
altered chrysctile fibre fundles with som2 phedolic binder and_defcrmed cATYSe-
tile which were difficulr to determine by selected area electron diffraction.
However, they were able to study the deformatioms in detailfusing high resolu-
tion dark-field microscopy and suggested that dark-field microscopy be used to
identify the sources of asbestos fibres found in air pollution samples, These
investigztors a2lso examined the brake drur dust wi h'lighﬁ cprical microscopy
{LOM) and ‘X~ray diffraction (¥RD) and Zound lictle (less than 1X) chrysotile
and no forsterite which they concluded was due to the Iact that the fibre sizes

-ani concentrarions were below the limizs of detection for LOM and XED.,

6.4.2 Imission Quantities

Table 6.6 gives the estimared znnuazl asbestos exissions for
vehicles as computed by Jacko and Du Charme (1973). These figures are based,
in part, upon Jacke and DuCharme's figure of less than 1% (~0.2%) asbestos
content of emission debris. They also made the following estimations:

(1) Thne total amount of asbestos contained in all of the
automotive brake fricrion materials seld each year is
avout 103 miliion pounds whnich corresponds to ~118 million
pounds prior to grinding and drilling.

(2) The total amount of asbestos contained in 21l auromotive

clutch friction materials sold each year is about
4.5 million pounds.
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Table 6.6. Fatimated Asbentos Fwmlesions® by Jaclkoe nd DuCharme (1973) From Vebicles

Passenger Cars
Light Trucks

Medium Trucks
and Bures

lteavy Trucks

}Miscellaneous
(motorcycles,
trailers, etc.)

Totals

Percent of Total

Total Distribution of Total (1b)
ttwinber of  Annual Asbestos
Vehlcles  Fmlsrgions (1b) Drop-0ut AMrborne Retention

96,400,000 60,400 49,470 2,230 8,700
17,100,000 32,300 28,420 240 2,940
2,600,000 16,300 14,330 470 1,500
1,200,000 32,900 28,920 950 3,030
6,615,000 16,300 14,330 470 1,500
158,200 135,470 5,060 17,670
B5.6 3.2 11.2

# Includes both brake lininge and clutches
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Table 6.7. Estimated Asbestos Emiseions {rom Velilcles Using Rohl et sl. (1976) Flpures for Asbestos
Content of Wear Debris

. Total ° Nstribution of Total {1b)
Asbestos Content Annual Ashestos - —_
of Wear Debrias Emigelona (1b) Drop-OQut Alrhorne " Retention
22 (low) 1,520,000 1,300.000 49,000 171,000
15% (high)_ 11,400,000 9,800,000 : 360,000 1,280,000
4.5% {(wedian 3,420,000 2,930,000 110,000 380,000

of average
J-62)
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{3) Tne cozmbined toral of brake 2nd cliutech fricrion material
worn away annually is 123.6 million pounds (117 {(brakes) +
6.6 (clutches) = 123.6). Assuming an average asbestos
content of 60Z, the amount of asbestos worn away as
friction material wear debris 1s 274 million pounds.

Based upon available data from other sources (Clifton, 1977;
U.S. Bureau of the Census, 1972, 1975), the estimarions made above are quire
reasonable and are probably good figures to use in ecission cozputations.

Table 6.7 lists the estimated asbes:oﬁlemissicns using the
Rohl et al. (1576) figure for the asbestos content of wear debris. Cozputations were
made using the same assumptions and method as Jacke and Ducﬁarme {1973); the
only variation is the use of different asbestos content percentages. Rohl et al.
{1976) arrived at an average asbesctos coantent figure of 3-6% (therefore, a
median of 4.5Z is listed‘in Table 6.7) and higﬁ—low values of 2-152.

4 comparison of Table 6.6 and 6.7 reveals that the toral annual
asbestes exicsions reporred iz Table 6.7 (4.5% median) is nearly 22 tipes
nigher than the total reported in Table 6.6; Ine focal pcint of the difference
is the percentage of asSestos which survives in the wear debris.

Jacko.aéd.ﬁuCharme (1973) deteémined that approximately 3% of
the asbestos emission become airborne. Based upon sample concentrations
coliected at freeuaf.exits, Alste et al. (1976) concluded that only a small
fraction of the toral dus:t formed becomes airborne, which is consistenﬁ-with

Jacko and DuCnarme (1973) and Anderson et al. (1973).

6.4.2.17 A Bypothetrical Caleulation

As mentioned earlier in Section 6.4, asbestos fibers have
been monirored in ambient air samples by Holt and Young (1973}, Alste et al.

{1976}, and Nichelson et al. (1973). Selikoff et al. (1972) monitored ambient
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concenctrations of asbestos in the hew York City arez and deterwmined the follow-

ing concentraticns:

non-urb
zir =su
in Conn
1)
2)
3)
various

lowing

Site Concentrations (ng!ma)
Manhatrtan 25~-60 .
Broax 25-28
Erooklyn 16-22
Queens 18-28
Starer Islianc ' 11-21
Pniladelphiz 45=100
Fidgewood, K.JZ. 20
Port Allegany, Fa. 16-30

Bruckman and Rubino (1975) reportecd that asbestos levels in
an and remote non-urban air are typically less than 1 ng!ma, while urban
ally has levels below 30 ng/ms. From thircy selecred moniroring sires
ecticut, Bruckmarn and Rubino (1977) found the following concentrations:

. 3. . ..
less tuan 10 ng/m” in areas removed from emission sources
2bove 30 ng/m3 near each of four Industrial uvsers

3 - 3 .. . .
10 ng/z” to 25 ng/m” adjacent to toll plazas where autos cozmonly

apply brakes
Tne anove data gives a general idea of the magnitudes of
background levels oi ambient air conceztrations of asbestos. Tne fol-

hypothetical case is intended to project a theoretical magnitude of

contazination {rom friction material use,

bBypothetical Case: This czlculation attempts to estimare

tne ievels of asbestos which may be added to urban environments as 2 resuit of

wear from automobile brake lininps. As noted in Tables 6.6 and 6.7, the amount

of asbestos emitted by brake linings has been estimated ro range from 2.5 to

55 tons airborme per year. The calcularion below will assume 2 nationwide

emission average of 10 toms per year., KNew York City will be comnsidered because
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of availaple air monitoring data. New York City nas 2 population of aprroxi~
cately 7.9 million people and an area of roughly 300 sg. miles. 1t is assumed
that friection marerial use follows popularion; therefore, of rhe esrimated

10 tons of emissions from brake linings, NYC would be responsible for:

.5 million (KYC vop.) ‘ 14 ng
= 0.376 = 3.4 X 10
10 =illion (US pop.) X 10 tons = 0.376 toms =

7

2
. oy 1 . . A iy
This wvalue of 3.4 X 107 ng/yr rransiates into an erission of roughly
§.34 X 1011 ng/day. Tne volume of air 1000 £r. above streer level over KYC is
11 3 . N s e

abour 2.5 X 107" ©”. It is assumed that the caily exissions of asbestos

become equally distributed throughout the air 1000 ft. above street level.

Tnerefore, the ambient air concentration of asbestos which resulrts from daily

brake emissions would be:

9.34 X 1011 ng/cav
3 ]
e b X 10_1 r”

3.7 nglm3

The resulting estimate is on the same order of magnitude as

available monitoring dara. It should be Temembered that this calculation is

r

orally theoretical auq is not intended as proof that prake emissions are re-
sponsible for all asbestos emissicn; monitored in ambient air. Many other
factors need ccnsidg;ation in terms of brake emissions to air, such as weather
eZiects upon zirpomme fibers and actual disttibu:icn.patterns from emission
sourzes, Tne potential for the sizes of particles emitted to remain aifborne is
2 major considarationt

6.4.3 Human Exposure to Asbestos Emissions During Brake Lining
Mzintenance and kevair

In the United States, an estimated work force of at least
900,000 auto mechanics and garage workers is potentially exposed to asbestos

in the servicing of both brake and clutch linings (Rohl et 2i., 1976).
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Mezsurabie concentrations of asbestos Ziber nave been observet anc reporiec :in
the work environment of workmen involved with brake and clutch linings mzin-
tenance and repair (Hickish and Knight, 1970; Hatch, 1870; Boillat and Lob,
1973; Rohl e: al., 1976).

Wner a vehicle is brought into a Tepalir shop fc:-b:eke lining
-inspection or replacensni, the wneel is rexoved ané the loose dust is Temoveld
frox the drums zné back riates, generally by means o 2 compressed air Jjet. A
cloud oI cus: is produced by cthis zir jer which is wisibvle for several zinutes.
{apie 6.8 lists the fiber concentrations which vere mezsured as 2z resulr of the
dust cloud by the most relevant study (Rohl et al., 1976) o American standsrds
of exposure; 2lso given are toncentrations measured for commom truck servicing
cperziiepns.

Tne result of the Rohl Eﬁ.él' (1576) study indicares thac it is
commer. for OSHA zsbesres-fiber concencrasion standards to be exceeded during
brake cleaning operzrions. It should be noted thatr fibder counts made during
this srtudy were in zceccrdance with procedures adcptred by OSHA. Essentially, the
-anilvsis consiszs of countﬁng fibers 5 to 100 1= using’ﬁhase contrasc micgoécopy
2t & magnificarion of 400X,

Section €.4.1.2 revezled tnal most of asbestos rresent in wear -

Fay

dedris is much smazller thanm 5 ym. FRonl gt &l. (1576) estizateé that BOX o

rt

ne fibers present are sho-ter than 0.4 uzm, Accepting these Tesulrs, it is
obvicus tha: the asbesros exposure during brake servicing may be a great deal

higner thar is indicated by OSEA rest stanpdards,
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Table 6.&. Asbestos Concentratlon During Automobile and Truck EBrake Servicer=
(Rehl et al., 1976)
Fiber Concentration
(fibers/ml)
Number
Distance of ’
Ope;atlon (ft) Samples Mean Range
Auto - Biowing dust out of 3-5 L 16.6 5.6-29.5
brake crums with 5-10 3 3.3 2.0-4.2
cozpressed air 10-20 - 2 2.6 0.4-4 8
Truck - Rkenewing used 3-5 10 3.8 1.7-7.0
linings by grinding
Truck - Beveling new linings . 3-5 5 37.3 23.7-72.0

* Fibers 5-100 um in lengtn,

counted by optical microscopy.
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€.5 Alrernatives tec Asbestos as APFRYEERRCOWRpYT P

6.5.1 Tne Role of Asbestos in Friction Linings

Originally, autcmotive brake linings were made from a cotton
textile material which was impregnated with drying cils and cured to form a
strip of material which was flexible, conformable, and mechan{cally very strong.
The main purpose -of the drying oil was to protect the corton from attack by
atmospheric oxygen, wnich, even at the temperatures reached $§ early brakes,
uouid have resulrted in burned co:tton had its suriace been exposed to the zir.
As brake operating temperatures increased, it was found that cotton started
to degrade and lose its strength even though still prorected from oxXygen
atcack. In orner words,.the cotton suffered ;hermal degradation instead of
cxidative degradation (Hatch, 1970). )

Around 1210, a technological breakthrough was achieved when it
was discovered that asbestos could be woven and used to replace cortton because
zsbestos neither burns nor loses its strength below about 500°C. Wnen braking
cperations becime more severe, in the 1940's, brake linings began to be manu-
factured by wmoulding powdered resins with short aspestos fibers. fhis.made
possible the inclusion of various property modifiers to aid in the braking
operations (Hatch, 1970). As described in Section €.2, this is the current gy
method of brake lining manufacruyre.

Any alrernacive materia} to asbestes in brake linings has to
compete with asbestos's properties of strength, high temperature protection,
insulation, and good fricrional properties.

£.5.2 Alternarives in Brake Linings

At this time, there are no commercially available, asbestos-free

brake linings intended for use in automobiles with drumx brakes (Aldrich, 1977;
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Resenburg, 1577). This is not the case when considering dis: brake pads, as

will be explained later. Curreantly, nearly all of the major brake lining
manufaccurers are engaged in research and testing programs to develop asbestos-
free drum brake linings for automoblles; limited commercial success has been
achieved only with semimetallic friction material. It should be noted that,
if by "alternative" we mean a new or petter fiver vhich might shor:zly be
available as a rerlacement for asbestos in conventional brake linings, the
chances are actually quite remote.
The possible azsbestos alrernatives which are being tested and
considered are discussed below (Hatch, 1970; Aldrich, 1977; Resenburg, 1977):
(1) GClass Fiber - overall strength is lower than that of
asbestos, but strong enough for fricrion material
applications. Unfortunately, at the temperatures
reached by braking operariome, glass fiber melts,
even in deprth below the operating surface.
(2) Steel Wool - compared to asbestos, the overall strength
is lower and tne cost is much higher. In addition, the

marerial nardness of steel wool damapes the orake drums.

(3) Mineral Wools - pverall strengch is very low and brittle
o tne extent of limiring mixing processes,

LY

(4) Carbon Fiber - the main properties of carbon fibers are
generally good, but still somewnat inferior to asbesrtos.
£ major considecation is the cost, which is a great deal
more thah asbestos, a

(5) Sintered Me:rals and Cermers - these materials are now
Delng usec to manufaciure bprake linings for railroac
cars and airplanes. Eventually, these materiais zay

. be developed iato practical applications for autozo-
biles. At this rime, the wear-resistance is pot good
enough for auromotive uses and the cost is too bigh.

There are two good reasons wny the industry is artempting to
develop asbestos-Iree products. First, there is the possibiliry of a govern-

mental ban on asbestes applications wnich emit 2sbesros fibpers into the

100



Document hosted at JDSU PRA
http://www.jdsupra.com/post/documentViewer.aspx?fid=eb84e489-ebc0-4082-9735-e174082a5h94

atmosphére. And secondly, asbestos-freec manufacture would eliminate the need
for asbesros—environmental contrel devices in the workplace and would elimin-
ate a health hazard to exployees, thereby eliminating a substantial expense.

€.5.2 Alternatives in Disc Brake Pads -

1t is purely fortuitous that the fricrion materials usec in
disﬁ brakes are gaz2signed to a-s:ronger shape than in drum lininpe; tha: is,
moTe OT iess square or circular pads of considerable thickness aTe Ssupported
by a metal plate of adeguate thickness. Tnerefecre, the fricrion material does
no: nave te stand up to handling during assambiy. does not ‘have to withstand
riveting, and could, from the point of view of bulk mechanical strength alone,
be made without 2 high loading of fibrous reinforcement of any kind. There
rTemzing, powever, thermal shrinkage and thermal shock, and in order to prevent
the formation of ternsile cracks normal ro the operating surface, & percentage
o asbestes fibre is srill Tectzined (Harch, 1970).

Nevertheliess, ir cannot be said thar the use of asbesros in
disc brake pads remains z technicaj necessity (Batch, 1970);_in fact, commer-
cially availaple disc pads have been developed for automotive uses which do
not use asbestcé (Aldrich, 1977). Table 6.9 lists = typical composition for
this asbesips-free disc pad. Cost of the asbestos—-iree pad is somewhar higher

than the asbestos pad. ]
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Table 6.9. Asbestos-Free Composition of a Disc Brake Pad (Aldrich, 1973)

{vol. 2) .
Carbon 45
Iron Powder 25
Steel Fidber 10 =
Pnenolic Kesin 20

(manufacrured by common methods)

6.5.4 Alternatives im Clutches

Bcrg-Warner-Corporétion. 2 major manufacturer of clutches, is
currentliyv éngaged in the testing of asbestos-free friction marerials intended
for use in cluctches (kosenburg, 1977). The asbestos—-free materizls being tested
have been developed by the major friction-marerial producers such as Raybestos-
Kanhattan and Abzx. To date, none of the alternatives tested have been as good
as asbestos.

€.6 Cuantities of Asbestos Released to the Envirompent from Manufazrurs

Listed Pelow in Table €.10 are the estimated guantities of asbestos
Teleasecd tec the enviromment from asbestos fricrion products manufacture. Tne
estimates in Table €.10 are no: intended ro be considered Precise quantities.
The estimates are hésed upon available data and engineering assumptions and are

intended only to project a general mapnitude of release.
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—aple 6.10, Estimared Annual Environmental helease of Asbestos from Fricticn
Material Mapufacture (SRC esticate)

Quantircy
(short toms) Comment

To waste dump or landfill:

Baghouse fine and product scraps 8,130 Mostly free-fiberst®

Wastewater solids from air S

scrubbers 6.7 Wet free-fibers*

10 water: .

Wastewaters from air scrubbers 0.3 Free~fibers*
To air:

Eaghouse emissions 0.61-6.0 Free-Zibercs®

Air scrubber emissions 0.14 Free-fiberss

*¥ These "free-fibers" may be coared with resin, however, by "free' the inrenrion
is to indicate a porenrially respirable fiber,

The estimares ip Table 6,10 were derived by merhods which are explained in the
fecllowing subsecticos.

6.6.]1 Release frow Barhouses andé Product Scravs

Jacke and DuCharme (1973) have reported that the amounr of
asbestos contained in 241 of the auromozive brake friction materials sold each
vear is about 103 million lbs., which corresponds to about 115 millien lbs.
prior to grinding and drilling. This indicates thar approximately 12.7Z of the
asbestos 1s lost to product scraps. The grinding and drilling of brake linings
during manuiactur; can release 25 much as 30Z of the lirning materizl as waste
(EPA, 1974). Even with the rglativeiy high price of asbestos f£iber, the asbes-
tos ceontained in product scraps ié not recovered for reuse (Gregg, 1974). Once
the resic has set up, it is not regarded as ecomomical to break it down to
salvage the fiber. These wastes are normally disposed to landfills or waste

pilles.
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in most cases, the exmrssions irom grinding and drilling oparz-

tions are collected in baghouses (EPA, 1974). These baghouse wastes can
amount to s much as 13.5 tons per month for a plant producing 40,000 shoes
per day (EPA, 1974). To determine the industry-wide quantity of asbestos
disposed from baghouses and product scraps, the following-assumpcions are
made: 1) about 12.7% of the total asbestos consumed in friction materials is
lost to scraps and, 2) about three-fourths of this total is collected in
baghouses and the remaining one-fourth is collecred by vacuum cleaning opera-
tions or as damaged product. Based upon a total asbestos consumption of
64,000 tons for all frictionm ma;erials in 1976 (Cliftog. 1877}, the zoount of
asbestos lost to product scraps would be abour 8,130 toms. Baghouse collec-
tions would roughly amount to 6,100 tons and the other scraps would amount to
roughly 2,030 ronpe. Virtually 212 of the asbes;os collecred in baghouses is
in z potentially respirzabdle form. Disposal operations of these baghouse
wastes can potentially release Zibers into the atzesphere (EPA, 1974). 1t is
virtually izpossible tc quantify the amount oi ashestos fibers released during
dispesal operations withour monitoring datz, of which there aré'no£e.

in most of the plants Gaking friction materisls, air emissions
are controlled by”baghousas; however, in a fewv piants, we:i cust collecrors are
used and a wastewarter results (Gregg, 1974). Asbestos releases from wer gust
collectior are discussed in the next subsection.

The éfficien:y of an asbestos baghouse Eolle:tor, in terms of
atmospheric emissions, has beep monitored to have an efficiency of nearly 99,991
{Siebert et al., 1976). Applying this efficiency to the esrtimateg quanticy of

£,100 tons of asbestos collected by baghouses indicares that the asbestos fiber
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emissions to the asrmosphere would be 0.6)1 rons annually. However, in Sec:ion T.3.01.
a baghouse.emission factor has been developed which estimates that 1.34 lbs. of
asbestos fibers are emitted per year per each 100 CFM rating. The exhaust air
flow of 3 medium size friction material plant has been estimaged to be in the
neighbcrnood of 30,000 CFM (Gregg, 1974). Therefore, using the 1.34 1b.
emission factor incdicates that 2 mediur size plant wouid emi; about 400 1lbs. cf
asbestos fipers each vear. Table 6.2 lists over 130 fricfion material plancs;
therefore, this method prediers that roughly 6 tons of fibers would be ecitred
to the atmosphere indu;try-uide. As explained in Sectiom 7.3.1, the 1.34 1b.
emission factor is a "worst possible" case. .The difference in estimates,

0.61 tons and 6.0 tons, is significant. There are not enough monitoring data

available to make z precise estizate.

6.6.2 Release from Wet Dust Collection

Process wastewarers c ::aininé asoezstos fibers are not generated
by f£r-iection matefial manuiacruring operations. However, warers used to clean
fibers and parti:ulates‘from'air do contain asbestos, and these wﬁsteuéters are
relessed by some plants. Wer dust collecéicn is rarely uged in the asbestes
inguscry. Gregg (lgjh) identifjied only four friection material manufacturing ~
ﬁlants tnat cdischarge wastewaters from wet dust collestiorn. At all of the known
plants, the wastewaters are clarified before discharge to surface warers.
Currently, the number of Piants using wet dust collection is not known; there-
fore, the estimates projected below are based upon Gregg's (1974) daza.

Tne effluent waste load from wet dust collection for a2 typical

plant is estimated to be 25 lbs. of suspended solids per cay (Gregg, 1974).

Assuming the suspended solids are about 507 asbestos (because asbestos is
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roughly 50Z of the riction material's raw content} and an average wor;
> K Year
of 50 weeks ar 5. 5 days per week, then abour 3,450 1bs. of asbestos are co}
o0l-
lected by wet collectian-each year at a typical plant. Four plants woyld
coliect about 13,800 1bs. or Toughly 7 tems of asbestos fibers, Clarificario
. I n
Lay rtemove approximately 95% of the suspended solids. The sludpe ;ollected
Irom clarification woulc therefore conrzip abou:06.7 tons of asbestos-fibers-
this sludge is disposed of in landfilils. Tne clarifed warer reieased ?o |
surface waters would contain about 0.3 rop of asbestos
Wet-rype air scrubbers normally operate in the Tange of 9851

lecrors w
ould emit about 0.14 tonm of fibers inte the armospi
nere.
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