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Research & Development Center
May 22, 1973

BRAKE AND CLUTCH FMISSIONS GENERATDD DURING VEHICLE_QPERATION
Michael G. Jacko, Bendix; Robert T. DuCharme, Bendisk; and
Joseph 1l. Somer:s, EPA (Presented at the 1973 SAE National
Automobile Enginecering Meeting, Detroit, May 16, 1973).

SUMMARY
by J. W. Axelson

Emission colleactors were installed on the right front disc hrake
and the right rear drum brake and on the dry clutch assembly.
The left brakes were leaft in their normal configuration and were
used to monitor the operation of the shrouded brakes.

Three types of samples were collected and analyzed for ashestos.
These were the airborne collected on 8.0 u and 0.2 u filters;

the sunp material; and the debris on the hrake surfaces. QOptical
micrescopy with phase contrast at 400X and - -transmission electron
micreoacopy at 22,000X werc used to identify and meoasurc the
amounts of ashestos.

The overall average of asbestos content in brake-emission was
0.23 per cent from all three sources in three different: tests.
Some fibers woere longer than 20 u., Only 3.7 per cent of the
asbestos emission wasg airborne for the test vehicle and only
2.9 per cent is estimated for trucks.

It was estimated that 51,500 tons of asbestos ate used in friction
materials annuvally and about 237,000 tons arce actually worn away.

Knowing the asbcutos cnmission in ugws per mile it is cossible
to calecuilate the Lotal annual asy»-tos cmissian per year.
This comas to a total of 153,200 pounds {(792.1 tans) Lub only
3.2 per cent cxr 5060 rounds (2 53 tons) iz airborne. Uver
958.7 por cent of the total asbestus wear is converted to
olivine ox foruterite.

Note
Extrepolating tha Ford data of only 0.0023 por cent of lining wear
appearing as onb.uatos fiber, the tolel friction wear caotimatoed by

Bendix o€ 61,800 tons would olve an esboectos cmission of .42 tens
(2840 vunds ) whioh A5 a liktle more than one half of the Bendisn
value, This in not Lad agreement concidoring che wide diffeorences

in teoi proccdurcn and Lybe of calrilabiong.
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Ceneral Headrouarters
as»ril 21, 1967

F. L., Punds=zacik - Piaderne

Brake Lining Wear Dust
Your Letter of 3/14 to F. J. Solen
Your File 259

Confirming our ohene conversatioan of this moraing,

I avnrove vour recommendation that we =ollaborate with
the U, 8. Puklic Health Service throuch tihie release of
informatioa from this study.

The sublication of ocur data under their auspices will
certainly carry considerable weight.

It was certainly of consicerable interest, in a receat
discussion with Dr. L. J. Cralleyv, to learn that their

£ladings 7arallel ours very zlosely.

The »actograshs which you recuested vte returned are
attached.

H. M. Jaziizon

ga2: P. J. Solon

uy(o8



W Vo =

Research & Engineering Center
March 27, 1968

H. M. Jackson - DH
¥, V. Lindell =~ Asb
F. L. Pundsack

H, G. Koch

J. Leineweber

Brake Lini Decomnosition

I thought you would 1ike to have a copy of Jerry Lynch's draft of a
paper on braxe lining deccmposltion whick is to be submitted for pub-

lication in the Journal of Air Pollutiom Control Asscciation,

5. Speil
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Ar. S0 3. Lynea
Smus, of Eealth, -2- April =, 1963
Tducation & Welfare

1 wga unnbles to reeach you by ohone taday, sub dii spesk to Howard Ay .r.
e suggestad tho possibility thut you alght want to delite che lugt 20ght
werds., Howewer, ainca you prebably d0 want to reforence Dr. Cralley's
prescntation, I might suggeat that you use some slight modifi.ation, such
as, "when compared with sources of free fibers, oth:r than aabestos’ or,
lzss desirably, and I do oot talnk what you mesn, 'when compared with

oth :» zources of free fihera, ia addition to asbastos’,

I hopa that you will be aitle to modify this list sentencs, 2apecially in

view of your cepartacnt’s afforts to preveat any »ogsibla alsuse of your
words.

Vory truly youss,

Br., 2idaey Speil, 2irsesor
Corworats Rescarch % Development

58/re

a3 Mr, HJowsrpd Ayer o HEW, Ciacimnati

or. Lewis Crallay ~ H3W, Cincinamti

o !
DH

L1

wee: H. M, Jackson - ¥. L. Pundsack
J. BSoloan - 4. G. Roch
X. V. Lindell - A:zh W. €. Streib
“. P. Raines - DH 2. 4., Fenner
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i Johns-Manville ?

Rasearch & Lagineering Center

A£' O Hox 160

T Manvilie, N J OB83%

(2011 722 QD00

Septaember 6, 1972

Dr. M, G. Jacko

Materials and Processes Department
Bendix Resevarch Laborxatories
Southfield, MI 48075

Dear Dr. Jacko:

We have finally completed the analysis of the brake lining
wear debris you sent te us. These sanples were described
as follows in your letter to Dr. Speil of July 5, 1972,

Samowla Na., 1 - Vehicle Test 1

J~M No. 4123-58-1 Detroit Traffic Schedule
Right Front Drake
Surfaces Samplc

Samrple No. 2 - Vehicle Test 1

J-M No. 4123-58-2 Detroit Tratfic Schedule
Right Rear Brake
Surxfaces Samplae

sample Mo. 3 -~ Vehicle Test 1

J-M Ko, 4123-58-3 Dotroit Traffic Schedvle
Right Rear Broke '
hirborne Sample

The fiber content of the samples and the weight loss on
ignition arc 4given below. 7The fiber content was determined
by the rub-out procedure which I believe we explained to you
at the time of your visit to our laboratory.

No. 1 No. 2 No. 3

Initial Sample Weight (mg) 50.78 46,50 15,70
Weiabt of Acsh After Tanition @ 400C{mg) 43,50 21010 30.20
Veight Loss on Ignition 14.4% 33.1% 33.9%
Total Piber in Sample (microqgrams) 2.54 D.98 2.73
Porcent Fiber in OQriginal Sample 0,005 0.002 0.006

We woere unable to determine the oloement distribution because
our cmission speclyograph has hoon disassenbled foxr ocur move
to Denver,



Dr., M., G. Jacko
September 6, 1972
Paye 2

If you have any guestions regarding these samples or pro-
cedures you can contact Pr, Speil. He will be available

through the month of Sepltember. After that time you can

contact me in Denver. Our malling address and telephone

number in Denver will be: o

Johns-Manville Corporation
P. O. Box S10R
Denver, Colorado 80217

Phone: ({303) 770-1000
Very truly yours,

J.

LY
~
Zigu&uheﬁtm/

v
).
O
P

. Leincweber
mp

cc: Dr., S, Speil 7



Iteseurch & Kiigincering Center
September 50, 19h6

K« V. LindeH, Asbtstofl

Kaaaraoua Dust

Upon our return from Anoootoa, S. Spoil anti myself met with Dr. Ken Smith,
Il. G. Koca, Research Manager of Packings and Friction Materials, and other
mnowi/trs of the Basic Research group to discuss the status of the program

on brake lining hunts. Since this va3 a subject ve discussed briefly with

you, | thought you night be interested in a few cf the essential details
and conclusions reached at this meeting.

The brake lining dust sample vm collected by wearing a brake against a
bloke drum with the whole assembly enclosed in a boxlike apparatus. As

the brake va3 worn, 130 cfm of filtered air was drown through the system
mid the airborne dust was collected on a Millipore filter. Dust remaining
in the brake drum wa3 glgo collectod. The airborne duat was illustrated

in the electron micrographs which vo left with you the other day. X-ray
analysis shoved this material to be amorphous with no crystalline structure,
although by spcctrographlc analysis there vaa sufficient MO and SiO2 In
the proper ratios to account for the original chrysotile in the brake lining
composition. Rubbing cut the agglomerate Bittusfl and examining this under an
electron microscope shoved evidence of some small fibers reduced to their
ultimate fibril diameter. The anouut of such fibers is difficult to
ascertain, but testa are under voy to get the best guesstimate. Gas
analyses of the fumea given off during these tests have not been successful,
and we have not been able to determine na yet whether any heavy organic
C-usea were present in the effluent air.

You probably know that Dr. Ken Gnith had previously submitted samples of
brake dust collected from the druns of other pilot plnnt. .tar.tn. This
material had been sent to the Industrial Hygiene Foundation! In Pittsburgh
for intratracheal ar.irr.nl tents under the direction of Dr. Paul Green. The

results of these original testa should be completed by November to nee if
'aabcotoa bodies” are evident.

I-r. Smith planned to submit samples of this new airborne material to the
same location for ._Additional tents. Dr. Smith advised me that ho had
discussed this matter with Dr. George W, Wright Director of Medical
Research, St. Luke's Hospital, Cleveland, and as 1 understood from, you,
a member of your scientific co:flJiittee on occupational health. Dr. Smith
said that Dr. V/rlyht. wn«t Irj agreement raid approved of the Pittsburgh
location as|the bent nines to conduct these teste. Gpcil and 1 penned
aloe}; to Dr. Smith your lnntructions that the Scientific Council should
be used tc detcirinc the best location for such studies, and apparently
this Via3 been done with the proposed program.



V. Lltkcltfll, /.".bonton >pte&bfir 30,

It was agreed at I|hJa '.looting that the technique lined to collect the brake
di:nt sample ahou'Ld be described nud illustrated to cumbers of the Hygiene
Foundation ar.d any others you foei should bo Included from the QAMA
Occupational health Institute or Scientific Council. Tn this vay, the
technique of sampling as well as the modical results would be understood
and approved by an outside agency. A similar approach vould be taken on
nev methods of identification which night be developed.

otur.-plog of sir dust collected In Detroit under the direction of

hr. A. J. Vorvmld (Wayne Sta”g University)Ivill be sent to Research for
examination to determine if asbestos fibers are present in particulate
natter collected from the atmosphere, and if it is, hov much is present.

You probably are fazr.iliar with nest or all of the above, but 1 cm taking
no chances of a breakdown in comraunications in this important matter.

V. C. £3trelb

eh
cc: 5. Spell
File
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Easesrch § Bngineering Center
Decenber 13, 196._’.

a . m” Lt

D. Ballay i

“ e Brake Lining Wear Bust

e Fitx Ly REm aymt

Tou will yecall that during kis rwcant visit to the Bessarch Center, Ir.
Ko ¥, Buith mentioned 2 recant theory that aadestos fibers freed in the
nmumxmmumuu scus patbologlcal elfects. MNr. Koch
Ms' chtaired Wear dusts from thres osrs &nd I would spprecfate Your eXxe -
mning these Merosacpically to sae 12 you can identify ssbestos filers
a.n tals ??un. 1 ‘P tcﬁ.up WOTK_Tequest (n #345) %o cover. this
“5“;»‘ 11 -"rn!, '*.}. -y --.' tv P S Pal i "“", L & ‘:: "':“"f:}f\ b
Y1 umontmnngthprtmnt comlponl.nu and would 1ixs to osl)
1 Tour attention to Dr. Saith's request for the mterisl m&u after
wm wate™? 6'*-4*‘4 o sl ye AUt P

CFL ER AL 1
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5 Ryl A i U TS U
Would you planse ht.knovhnmhn coxpleted your exmmmination,
at which time W cen again gt together with Dr. Gaith to detarmine if
any additionsl vork is required.

¥. C. Btreid
s/ jep

ce: K. W Bxith, 2
4+ C.'Guith (
3 R. Klair
2. L. Pundsack
K. 0. Koch

PRODUCED
JM - 83
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You have reCeivod 'Y copy of H.:G. Koch's letter to'me of | i
ffnbvember 27, 1963, on this subject. I am forwardinq‘théf_} '
i -thres. enveIOpea containing the dust to you for analysis._{
.As discussed on. my recent visit, I wonder if you could
recognizable aabestoa fibers in 'it? 1If there is any dust .
3(1eft ovex,  could yon please retain it for 1 might like to
L “have it used by our ‘research’ pathologist at the Industrial
'“"'ngxene Foundation in Pittsburgh?_” ,: R
B ‘4 } . '4-" 1 . ey ) . T "'. .
v Ll ahall be very pleasad to vlﬁlt you agaan at the Center to
‘ﬁv‘discuas thew;esults~of your tests when obtalned .
T B TS
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Regearch and Enginearing Cepter

November 27, 1563
. Flle: 456-G
Dre K. W. Smith - GH /
Brake Lining Wear Dust

I am enclosing three envalopes contatning dust removed from the brakes
of the following carss

Car _ Zdnirg Mileage
Comet PC-2308/PC-3049 1266 miles
Kewport PC-594 /IN-1618 540 milen
Chevrolet Inlite equirment o0 miles

You will find thet the dust ccnsists partly of ferrous particles,
presunsbly sbresion preducts from the cast {ron brake drums. The
remainder shouid be predaminantly abrasion products from the breke
liping themsslves, We can supply information on the camposition of
the drake linings used in the first two cars. The third car was
equipped Witk campetitive lining, a camposition net knovm to us, but
undouhtedly containing ashestos fiber,

H. G. Kozh
/-"

ek/aX j)/
ce: Wa C. Streibs

C. L, Meaexrve

PRODUCED
JM-83 .
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" JOHNS-MANVILLE RESEA«CH Repot .. h56-T-86

AND ENGINEERING CENTER Date Jamuary 20, 1964

IM CONFIDENTIAL. Not for general distribution or repsblication.

Title: FETROGRAPHIC ARD X-RAY DIFFRACTION ARALYSES OF BRAKE LINING WEAR IUSTS

Pl

Reguested byt W. C. Streib - Request o, FD=345

,
STRARY ¢

Three saples of brake lining wear dust were axamined petrographically to detsrmine
whether chrysotile fiber can be distinguished in this type of material. Two of the
sexples vers glso examined by X-ruy diffraction for confirmation. The samples were
from the following bruke linings:

g } 1963 Comet
1953 Portiac
3) Chevrulet 6, Inlite Liping

Petrograghic exmmination showed the following:

The dust from the Comet lining contained an organic binder, plus smmall perceztages
of quartz, magnetite, carbonates, talc, and (rarely) a few chrysctile fibers.
Curysotile in eizes recogpizable under the microscope constituted less then onm
per cent of the total.

The dust from the Pontiac lining sppeared similar to tha ope from the Comet lining,
showing the same components in camparable smouxts. Only an occasional bundle of
chrysotile fiber could be detected after prolonged examinaticn of several slides.

The Chevrolet brake lining dust differs somevhat from the others, in that it contal
possibly 10 per cent guertz. Talc appears to be absent. A small smount of graphit
appears to be presant, but was not positively identified, Az occasional small bund
"of chrysotile fiber wvas noted, as in Bamples 1 and 2. )

T-ray diffraction resultss
Quartz wvesX pattern

Dust from Camet Iining chrysotile o Srace
aagnetite o tmc
- udor

.. nor

Dust from Inlite Lining quart

The "trace® &mcmmmwpmmummumm
could possibly smount to e mush g8 S per cent of the total. This would indicate
thet in sddition to the occasional fibers seen microscopically, there may be some

Nowbook No. 2610, p 52; 286k, p 88 : o File 56

SRODUCED _
e B Ry
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JOHNS-MANYILLE RESEAXCH Repon ..  U456-T-86

AND ENGINEERING CENTER Sumiary Page 2

JM CONFIDENTIAL. Not for praerai distribution or republication.

finely divided and possibly costed fihrils not recoguized under the light micro-
scope, Failure of X-ray diffrsction to destect any chrysotile in the Chevrolet
lining dust mests the chrysotile content of this ssmple as well below 5 per cent.
The Fontiac lirping ssmple was not sxanined by X-ruy diffrsction, but the incidence
of microscopically recognizable chrysotile in this ssmple is of the same order as
in the Comst s&xple.

Contents: Sumary only.

igproved w;m Reported w___(D- 2% L
D. Y

F. L. Pundaack

X-ray Diffraction by
(ﬁ. P. % ;

ee: K. W Bmith, SH——on ... . C. P. Rassveiler, GH

: PRODUCED
s ' iR - 83 ..
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JOHNS-MANYILLE RESEARCH | ‘ Report No. %56~2506
AND ENGINEERING CENTER . Date December 19, 1966

fite:: STUDY OF WEAR DUST PROM BRAKE LIVING
Project 2550

SUMMARY

l

Braky llnlng wear dust was collected on a membrane filter mounted in a box
which surrounded a brake run on an inertis dynamometer. In addition to

whis -airborne fraction, the dust that settled to the floor of the box snd
that which remained within the brake was also collected. A total of 6-1/2
 grems of dust was collected frem 2150 stops during a totel time of about
110 hours. Theé airborne portion was 2.7 grams., Most of the stops were
made from 35 miles per hour at 10 ft/sec? deceleration, interspersed with
stops from 50 mph {ebout 10 per cent).

The a.rborae dust was examined by light microscope, electron mlcroscope,
X-rays and other means. Ashestos fiber could be detected only by the electron
microscope which gave a maximum of 1.4 per cent fiber by weight in the wear
dust , al though the iining contains 70 per cent chrysotile fiber.

F
This result is accounted for by the high surface temperature and severe abrasion
during even the mi{ld braking of these tests when the average temperature 4id not
exveed 2000%, Calculations show that the surface temperature at the true area
of contact (: pericent of the apparent area) can reach 20000C or more. It is
concluded that most of the fiber is converted to an amcrphous mineral by intense
neet and fine grinding. '
1t is recommended that. ssmples of the particulate matter in the atmosphere be
coliected at suitable distances from highways and the sample examined in the
.electrcn mlcroscope for asbestos.

Contents: Summsary, Introductlcn, Experimental Method, Resulss, p? néix I (cal-
culations), Appendix I (Tables 1 and 2). Appendix 111 (Figures 1-%7s and
Appendix IV {References}. .

i

Al
A

Coire dsclin sy

A : Reported by:
David Sinclair
Basic Physics Section
a:2
" ce: - F. J. Solon, ol A, C. Smith [2+43)
‘K. W. Smith, ¥D -GH F. L. Pundseck
' : Att: S. Speil
J.. Dee
' H. 5. Koch
W. C. Streib
H. W. Cilbert
H. 7. DRende

: D. Sinclair
. - . © Library (2) .

————"
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JOHMS-MANVILLE RESEARCH | ReportNo, 1562506
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INTRODUﬂTIDN
u,boratory measurements were made to determine what type of particulate matter

and gases are given off when a brake 11n1ng is worn during operation., The wear
of the drum, usually cast iron, is necessarily included. Cf special.interest is

‘the aLroorne dugt expelled into the atmosphere from the moving brakxe. Previously,

some pbservations had‘been made at Johns-Manville Research and Engineering Center
on dust v mowedlby hend, from s labbratory brake,l but this is the first time, to
ovur knowledge, that any observetions have been made on the sirborre fraction.-

"
.d

& search of the literature ‘reveasied no reasurements cn brake lining wear dustL,l
. although the rate of wear is sometimes given.<,3 Recently, numerous articles 29

hsve.appeared calling attention to the widespread use of asbestos in materials
gvrch as brake linings, floor tile, roofing, asbestes-cement products, ete. It

“is usuvally assumed that zs these materials wear, much of the asbestos fiber is

dispersed ‘ntd the ntmosphere, thereby ccntrikuting to sir pollution and creating
a health hazard. This i5 understandable, since the asbestos zontent of these
materials is often high, 7C per cent in the breke linings used in these tests,
and asbesios 1s comnonly coansidered ¢ be indes structibie. ! However, we xnow of
no messurements mede tc ftest this assumption or to observe the amount of asbestos
in urbar atmospheres.

The present tesis show that during the wedr of brake linings very little asbestos
fiber is dispersed into the atmosphiere. Examinaticn of the airborne dust by
light micrescope, electron micrescope, and X-ray diffracticn shoved very little
of the criginal chrysotile fiber, HNearly all the fiber aprears tc have been cor-
verted to an amorphous mineral oy the severe abrasion ard intense heat generated
during brake operation. A point-count made on eight electron micrographs gave an
upper limit of 1. h per cent fiber in the dlrb0rne dust,

" fhis is not SLTDTISng when one celculates the amount of energy dissipated while

operating a passenger car brske. - Tt is shown in the apperdix that the heat generate
raiseg. the temperature of the surface of contact between breke liring and drum to
about 2400°C. This high “emperature ccewrs on the surface of the lining at the

‘regions of actual contiact wlth the drum, much less than the anparent area of contast

Thea: reglon of ccntact aré worn away during rubbing, so that the actunl contact
¢ontinually shifts to new regicns, As a result, the wear particles of asbestos,
resin é&c., are heated to a very high temperatures for a very short time. DBowden an
iabors cbserved many fncandescent hot spots during the rutbing of metsls on glass.

EXPERIMENTAL METHOD
L wooden hox, approxinately a 1-1/2-ft cube with a Lucite top, was cemstructed te
tit around & 1961 Ford brzke mounted ¢n the € inertia wachine in the Friction Materi
Research Seevion pilot plant. Figure 1 i3 a phctograph of the box mounted on the

bral e. The eft rear zide has a conical air inlet which carries a -ft-sguare Fland

fiver gluss filter on the entrance, and tepers to a L-in.-square cpening at the outl
intq the bex. The right freat side of the box carries two.B x 10-in., filter holders
for Gelman membrare filters. These holders are connected through flexible hoses to

.a 7-1/2-np industrial vacuum clezner (ot shown). When the vacuum cleaner waz run,

about 150 cfm of dust-frse air was drawn through the Flarncéers filter, over the brake

_&and cubfthrougb the membrane filters to colleet the airborne uear dust.

The vressure drcr across the membrane tilters was apout L5-cn Heg, measured with the

mercurv mancmeter shown standing on the box at the rlgqt, ccnpeeted Lo A petcock
. a A L L DY L Mo m —cammamitann Aume ~nArnAer~ +tha Mlandare Fillar wae
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Since the interior of the Vox was wider a negative pressure of 3/h-in. 0, it
was Necessary to seal the Joints and screw holes.against entrance of dusty ambient
air. This was done on the outside with DUXSZAL and ¢n the insids w1tb contact
adhesive. ' The inmerior of the box and the parts of the vrake and mounting within
the bhox were nainted wnite to show up any wear psrticles thet settled out. The
stationary hubs at'each end of the brake drive-shaft were sealGd to the ends cf the

- box with 1/16-in, rubber sheet and rubber cement.

. ' -
Flgure 2 shows the suxiliary equiﬁment used to measure the relative rate of svolution
of vear dust curing and after breking. At the left rear is seen a Sinclalr-Phoenix
aefosol photometer connected to the side of the box through a petcock. 1TIn the left

“oreground 1s a logarithmic smplifier connected to a Varian recorder on the right.

Dusty mir was drawn continuougly from srithin the box and through the photometer at
n.rese of about 1 ofm by means of & 1/6-np Gast pump. Eince this rate of air removal
iz about 0.7 per cent of the total air flow, its reduction of the amcunt of dust
collected on the membrane filters is negligible.

Figure 3 shows the type of record cbtained during steps from 35 and S50 milez per hour
at 103 1o, 12 ft/sec? deceleration at intervals c?f 2-1/2 minutes. Two of the stops wers

.- from 50 mph as indicated and the others from 35 mph. Usually a more or less regular

rattern occurred in which the dust conceantration fell tc near zero bhetween each of
severrl stops and then remained at an intermediase level for a couple ¢f stops.

the marks numberei 2! 3, and & are calibration points for the legarithmic ampliflier,

They are obtained by interrcsing neutral OptlcaL filters of known light transm1351on
intc the photometer ligkt beam. .

Figure U is the. resu;tant calibration curve uhich shows the approximate logarithmic
relationship between chart readirg and: dust concentration, the latter proportional to
se tvered light intensity. ¥or example, a chars reading of 50 corresponds to a dust
concentration aliout 100 timeg that for m reading of S.

Dust was collected during Z2150°stops, most of it on two membrane filters. The average
temperature of the brake lining was kept at 175-2000F and was measured with a thermo-
couple seb in a hele in Ehe 1liming about 1/16 in. kelow the surface. The temperature
was, kepb 1cw, in‘order to simulate average brsking, by increasing vhe time between

' stops to 3sto b winutes when overheating commenced, As indicated earlier, this tempere
" ture is fi! below the 1qatanuaneous surface tempersture {see Appendix I ).

| "RESULVS

Thrre fracticns of wear dus: were coilected:

b

Airocrae iust collected on membranse filters: 2.7l gm;

2. Dust vemoved from within brake afser completion of test: 3.5k gm;

"

3. Dust ccllected fiom withir box after completion of test: 0.21h gn.

These “rastions all include scme cast iron worn from the drum, about 2 gm total. The
sam*les were analyzed for ignition lecss, by light and electron mierosccope, X-ray
bﬁeotromnter, emission spectrograpn, infra-red spectrograph, and Cculter pariicle

.1Ze analyzer In addi*icn, air samples were withdrawn frem the box during brakxing an
— -3 T A AATT AW hwn11r| i mel Sarvico Tahla 1 shaws the rasults abtoined.
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Table 2 s.0ws the composition of linings used. It is seen that the finished lining

is mbout 70 per gent- chrysotile fiher after the water end other volatiles are driven off
y o

The to‘;a‘ we1gh‘t of sample collected, 6.46 gm, is much less %“han the measured weight
_css of -bhe brake shaes and drum: orinary, 1.0 +1 gmy secondary, 7.0 1y and 2 ¥1 gm,

However, the mccuracy of these weights is questicnable because ¢f the heavinese of
the shoes and +he drum. We feel certrain that negligible loss of dust occurred during
the testd, =0 that we cannot accomnt for the discrepancy.



JOHNS-MANYILLE RESEARCH  ReporiNo. 1i56-2506
AND ENGINEERING CENTER - . - © Page’ b

fl 2efllelus w3l it o

ST

WA Vol TRPRIN DY

Jivi

APPENDIX T

Calculation of surfaece tempersature of lining.
. i

These ;éSts simuiate g2 front wheel brake of 2 1961 Ford, designed to decelerate

3C.5 per cent of the car mass, or 1270 pounds. At a velocity of 50 mph = 73.5 ft/sec

the kin,tiec energy of thls mass is 106,000 ft-lb or 136 Btu. At a deceleration

of 19 ft/sec2 this heat is generated’during & stop of 7.35 seconds' duration.

Duang the first second, the averhge rate of heat generation is 3L.6 Btu per second

= .72 x 103 cal/sec. This hest is generated over = total lining area of 52.5 sq in.
f?l'x 2—1!2) erblng against éast iron.

Bowden .and Tabor give a method which allows a caleulation of the true area of contact)

Their experirments on metals showed that the actual area of contaet is directly pro-
pirtionsl to the load. As the lcad wag increased, the points of contact* flowed
plastically until the arez of contact was sufficient to support the load. In the
case of less ductile materials such as braxe linings, the points of contact would
be crushed until the load-bearing arew was large encugh so ‘that the crushing strength
WAS IC l?nger exceeded,

{
For metals, Bewdem and Taber found that the yield pressure is three times the tensile
strength. Ye make the same assumption for hrake linings. Jchns-Manville Research re-
port 1S6-T-Lb, received from A. J. Taylor, gives a tensile strength of 159C psi for a
lining similar to thiz used in these %ests. ‘The yieid pressure is then Pp = U770 psi =
6.87 x 10° 1v/sg. ft. ‘ '

Acvording o the defirition of the yield pfesshre, Py = L/a, where I, is the load and
a is the reaX area of contact. The load on the lining rnay be calculated by equating
the ‘ﬂraues -about the axle of the simuleted car.
lhe torque on thé;tires is

mdR = 127C x 10 x 1.09/32.2

Here, m

-

mass declerated = 30.5 per cent of totul mass of car = 127C-1ib mass. .
i

4 = deceleration = 10 ft/se02 = {1l0/32. 2
ki

-

R = volling rediug = 1.09 3

‘The -orque on the brake lining is

1
0.L x L x 0.463

fAT
Here, A = ccefficient of fricticn = 0.b
L = load

r

I

drum radigs = 0.h63 ft

Eqﬁating these twe torques gives the load, L = 2320-1b force.

. #The roughness of *even Lhe smoothest brake lining (lO-micrqinch average) is about
2500 times melecular dimensions.
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The real area-cf contact is given by the ratio of the load to the yield pressure
a= Lipy = 232074770 = 0.L87 sq in. )

Since the apparent, erea of contact, A = 52.3 =q in., the per cent real contact is
- .93 pex cent. The per vent real contact is alternauzvelv given by the ratic of
. the appl1nd pressure to the yleld pressure.

1 Tae equdtion used to caiculate the temperature is giver by Carslaw and Jaeger, 10
- Tae'maximum temperature of a strip* (the lining) sliding over a semi-infinite
medium (Lhe drum) is given hy

2/ 21
Tmax = 0 —=—
. 77V Ked

)

3 ? '
q = 2.78 x 107 cal/sec., cm” = rate of heat generation per sq cm of real contact ar
1 =.26.3 em = 1/2 length of lining
K = 0.11% cal/cn-sec.9C = thermal conductivity of drum

= 0.1189 cal/gm®C = specific hest of dyrum

-

d = T.5 gr/en3 = density of drum

3

= 888 cm/sec = average rubbing velority .of lining over drum during first second.

i

ihcse values give Pmax = cthOF near +he beginning of a stcp from 50 miles per hour

at 10 ft/sec? decleration.

« + Tor =z stop frem 35 mph, the maximum temperatﬁre would be atout 2000°C.

f .
i

i . *”he equatlon is derived for a moving heat source. Since the conductivity of the

S FGNWLL L A ® A LA Taanm *lam VTdmdnre marr ha treated oo o heaat grnirrs.
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S5C~1. solvent

oon

Polyrez 2231 cashevw resin

3M Company NC 320 cashew resin
‘Waher .
llexa.

Carboen Black

4

‘Moal
, Whiting

Tron Oxide, Red
Hyear 1411
Mapileo

Barytes

Tuminite Cement
TMOG Fiber

™
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. TABLE 2, BRAKE LINING COMPOSITION

Primary
ghoe
PC 350&
ot

—Lr

'2.06
.12
L.7h
7.62
3.09

- 0.62
5,16
3.5L

1.03

. 0.82

2.78

‘0.52
63.93
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APPENDIX III

Figure 1

-

-

Fayn

J. M. mNF[DENTIAL Not jor peneral distribusion or r‘tpnbﬁcaujou.
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I., G, Koch (F-381)

Al

SUMMARY

“Airborne braxe lining wear dust was collected on 9 Gelman filter mambrane mounted in

. an air tight

"onnoctea to an inertia dynancmeter.

temperatures

in Thase I a
the erd of

I . '
A material balance siudy s macde vctween She welght loss of the brake
and the amount of dust collected

each set of gteps.

enclosure (box}.

(;hascs).

soeries of geto

of stops
Only

The ericlosure contained & brake as sembly which was

Wear dust was, collected at three different

wer
ong

from the three scurces. The

”t of stops

The sverage temperature of Phase I was 175F; Phase II, 330F;
anq Prase IZT, 550F; simulating various traffic conditicns.
was collerted from the

In addition, wear dust

brake assembly and -the irner surfaces of lhe scaled box.

dust was collected ab
I and 1II.

The alrberne
wis made in Phases

shoes and drum,
airborne portion was

epproximataly 48 per cent of the -total dust collected from a total of 2970 stops.
sapples were contaminated with iren and to a lesse

This velue s high because all dust
cegree with stencil,

¥ \
Lk used to spray the inner walls of the box.

The source of tho

iron is from the brake drum and from areas on the brake backing plate where
apprecizole motal weay was noted.

durine Phase

Anslyses show that most of the contaminaticn oceurr
I. The zctual amount of dust collected was about 30 per cent

higher than

the weight loss of the orake shoes and drum because of the metal wear of the backing

plate vhich Is not weighed.
yPhat U5 per cent of the welght los
rartially cttriduted to the loss
volatilizsticn of organic material.

5
¥

' Chrysotile Tider was detected only by the e¢e;tron micros
tion of fiber in the afrborns dust was found in Phase ITI

"con‘entrf

The amount of dust collecled from Phases IT and TIY was
of the brake
Df nater of crystallizaticn of chrysotlle anc

snoes and drum. This difference is

cere tochnigue. The maximum
to be O0,5% per cent.

: On the drum and it the box composite the maximum fiber content was C. 85 per cont

(Phaue I).

. .
fmie to the severe abrasion and heat generated in the braking ozeratien,
the fiver (70 ver cent
cilicate fermed

aworpﬁou

4

of the lining) was convertcd o an amorphous silicabe
L appreciable amounts ¢f forster! te in Phase III, indicating

the_bulk of
The

“hat suriace brahlﬁg Lempev&tures reached at least GOOC.

Tne only orgﬁnie constituent actually iderntified in
smaller cemponents were detected but nct
plzs t‘c1"7r, a contaminant from. stencil ink, was present in ul]

Addition:

N

wos cuscnew resin.
rhthalate
mples ewanined,

the wear dust
identified A
':|
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y MATERTRLS QUEMTTUED ATRD MTHODD OF ANAIXGIS

Materials Submitted

La§9£§tory Inde% No. Degeription

ﬁ§r~hh-l - ) \ o Airborne dust Sample 2, Phose I
'Aéf"hh-g.“ T I," Airborne dust Sample €, Fhase i

R : -

2 AGT-bh -3 _ Composite dust from drum and box, Thase I
-A9Tahh-h' ' ﬁirbofne dust Smmple 1, Phase IT
Aé?-hh-5 ' Composite dust from drum and box, fhase II
AGT-4h-6 - ' alrborne dust Sample 1, Phase IIT
A9T-bh o7 Ccmposite dust dvum and box, Phase ITX

. : )
Onlr the above samples were analyzed and the drum and box samples were composited.

3 v

© Methods of Analysis

. . 1 v b :
‘The amcunt of airborihe dust was determined by weighing filter membrane tefore and

after collection. A4ll other dust samples were collected by vacuun and welghed.

The samples were submitted for the following analyses or exemination: spectrographic,

L- ray, infvarcd, micrescople, and gas chromatogrephlc.

Th~ dmount of chrysdbtile fiber was determined by the point count method thet has
been usec for détermining the ;mount of fiber in water szmples,

RESULYS OF ANALYSIS

Materia"Balance

Only in Phalse I were sets of dust collected at various stops to duplicazie previous

cwoerk. The remaining phabos had only one set of stops. The datz for Pnase I 15 as

follcws:

Run llo. ' ¢ Net Htops : Grams of 4dirborne Twast Collocted
1 6 {oil leak) --
2 135 ‘ C.E520
3 157 0.3330
L 139 : 0. 2460
5 : h39 1 5036
5 : 1259 3. H06T
- 7qotal’ ZiLe : 5. 9413
Weight of dust Trom h*akc u>bcmnly 6.3530
Weight of dust in bex : _2.9530

'Poral dust collected in Phase T *15.2973 grams
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The following table conlaingdata [rom the three phases:

Phase 1 Phase JI ' * FPhase IIT

'Temperéture ' . ' 175F 33CF . 550F
Number «f stops ; 2146 720 50
. Total dust collected (gns) K "15.2973 1.7256 8.7435
Miruérnerdust collected {gms) o 5.9413 1.3561 5.1218
Pericent alrderre dust collected 38.8 76,6 58.6-
085 in weight of primary shoe {zms) 2.805 0.855 5.420
'L0ss 1in weight of secondary shoc (gms) 8.350 . 2.210 12.370
Ldss in seight of drum shoe (gms) 0.5605 _0.880 0.976
Total luss In weight cf brake assembly 11.800 3.6h5 18.766
total dusy collected P 100 129.6 h3.7 L6.6
weignt lass of aqscmblf
Totals |
SOLALS ?
Arborne dust - - . ' 12,4162
All dust 25, 766M )
Per cent airberne dust k8.2 )
Loss in weight of brazke - !
agsembly : _ 3. 511,

Lotel dust collected X 100 7.6
weignl loss of assembly g

It is chvious that Phase, I is heevily contaminated. About 30 per cent more taotal
dust was -collected than tkn waight loss of the brake shoe and drum.  The total dust
colleched in Phase 1 and IIT 15,L3-7 and 46.6 per cent resgectively, of the weight

. loss of th4 brake ghoes and drum. The reason for the Jowsr values is, in part, due

0 the dehydraticn of the chrysclile and decorposition of orizianle comporznts in the
lining. Detalls of the'cont&mination are found further in this report.

. It is intercsting to dftu that the secondary choe wears from 2 to 3 times faster

than the primary shee. DI counting coruamln“t Lo, thoe amount of eirbovne dust
coliect2d per sTop is 2. 8, 2.4, end 5.3 milligraums per stop, respectively, for
Pheses I, IL, and ILI. The 11tc cf accunlation of airborne dust is adout 20 times
glqaLL; abk S50F than for qibher of the lower tomperatures.
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Spectiographic Analysis (per cent in dry basis)

. L Phase T Phase IT | Phase 11]
+ Sample No. . ’ e | 6 CompositeX| 1 (Composite* | 1 |Compos!
' Ignition loss at 80OF | 30.8 | 11.b 20.2 19.01 15.7 % 16.9] 5.8
| Mgd {approx. ) C 17 G 16 2 2L 20 25
fSioa (apﬁroxi) - L7 9 14 2k 21 21 25
FugOg (apprOX.)'by aifer. 25 67 46 3L 36 39 28
51203 B 0,70 0. 4o 0. 40 0.6 0,63 0.67| 0.76
BO3 J - - - - 0.15 - -
BaC: - : ; 0.2k 3.22 | o.2h ¢, 32 .30 g.281 0.3
a0 . ; 10 | oo |11 1.6 1.7 L7 | a5
Cra0sy S - 2.8 0. i 0.40 ¢.14 0.2 2 0.21| 0.h2
PhO . 1.7 | 0.3 | ok oad 030 |c.lo| ole
cuo . N | 0.03 { 0.07 050 | 002 0.05 | 0.0 0.06
- Mnpdsy ' 0.12 | 0.35 0.24 G.li 0.20 Q.23 6‘25
o .M003 t - 0.02 - G b - g - - -
Nio . d 0.10 | 0.l ¢ c.ab 0.2 0.17 0.21 (" 0.22
Ta0b \ . 3.3 0.0 | 1.2 0.08 1.7 0.08] 1.7
- V20, ' <0.C01| 9.C0L4{  ©0.0013 |<0.001 <C.CoLl |<o.001 <0,001
Loss on drying at 105C 2.7 2.0 2.1 0.7 0.6 i C.h M1l

-
. %*The composites are dust suamples Trom the brake assembly and the bex.

Analysis of Drum Filirgs {(in per cent as received)

Iron - majior

Or - 0.058
cn - 0.17
Mg = - 0.0013
Mo - 0.33
Mo *~ O.0NE
Nt - C.10
;81 2 2.s .
.11 - 0.C26
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SpechOL*iph]L analysie shows tnat each dust sample collected ig contaminated with
an appreciable amecunt of iron, rartinula*Ly Sanple A and composite of Phase I. The
iren content of the brake linings is at most several per cent by inapcetion of the
formulation. It Is estimated that there 1s roughly & 2%-35 per cent iron pickup
from the drum and from the area of the brake backing plate. The iron pickup is
abnormally nigh ih Sample € and the cemposite of Phase T. 7The minor constituents

found 3n the dust samples confirm the from pickup based cn analysis of the drum

.. filings. )
i

i'he chiaf sourece of %the ~hroxLum. lead, end titaniuvm contaminotlon is from the
stencil inks used to spray the iuner walls of the btox. X-ray analysis shows that

: PbCrOy and Ti0, are comporcnts of the stencil. ink.

The retia of ¥g0/S1i0p in ench of the dust semples 15 essenlially the same a5 the
ratio for chrysotile. The amount of SiCs and the MgQ is reduced proporticnally, in
most cases, besed on fncrease of the Fe203 content from brake drum ccentamination.
X-Ray

The following X-roy powder diffractometer dlegrams were obtained and identified:
. £

; .
Gamnind ' Identification
Fhaze i, Sample 2 t - lead chromate {PbCrOy}
Prase I, Semple & halos

Phase T, compoasite "~ halos

Phase II, Yomple L halos

.Phase II, composite halosg

Fnasc'III, Samcle L : - Tersterite {3 Mg0.SiCp)

mngnetite {FepO3)
chrysotile - possible traece

Phase III, composile _ 3 - . forsterite
Stenell ink {white) ; 7102 {major); tale {minor)
Stencil ink (yellow) 1 lead curemiie (PbCroy)

' Thc broad Nales cn ﬁ:urramq cff the four ssmples indicate a conulderable amount of
Cinely c;v*dﬁd cr ﬁmbrpnou meberial.

m ﬂ

[iCs ard FOCYOy zre contuminants from siencll inxks as conflraed by spectyographic
nalysis. This is shown by the high level of lead, chromitm, and titanium,

. Infiared

The lo!lowing infrared spectra were obtained:

" Chars No. Sampie - Tdent:ficaticn

v-238L . - Fhase 1, Somple 2 smorphous gilicn or silicate snd trace

of orpanices

. L ' ) -~ o
U-2502 - . Phase I, Sample 6 amorphous siilca or silicate and trace
. ' of organics .

Crr_nsRD Mlomma T - . SN
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Chart No.. | Sample Identification
-U-258h. E i Phage II, Seample 1 amorphous silica ogr silicate and trace ol
' . . i 8 arganics
U-2585 ! Phase II, conposite amorphious silica or silicate and trace of
' organics :
.U}2586 ‘ " Phase 1[I, Sample 1 forsterite and trace of organics
UTQSST . Phase II1, compasite forasterite and traze of organics
u-shhe - stencil ink (white) acrylic resin and TiO?
CUeB6R3. stencil ink (yellow) acrylic resir and a phthalate
, :
. U-26hl alcohol solubles of phthalate plasticizer
' © Phase I, Sample 3 .
U-26u5. : glconol sclunlea of phthalate rlasticizer

_ﬁh&se I, Sample ©

U-£5L6 : aleohol solubles of " phthalate plasticizer
- Phase I, Sample Y4 '

U-2647 - ' ..2lcchol solubles of phthelate plasticizer
Phase TI, Sample 1

. U-P6hE MEK sclubles of phthalave plasticizer .

Phase I, composite

. B i
u-2hly o MK solunlds of phthalate plasticizer
o Fnase III, corposite

Tha infrareg spectra shoﬁ that in the first two rhases, snorphous silica oy silicate
and small =amounts of orgonic material were detected in the dust samples. In Phase JII
(550F), forsterite was formed by the dehydration of the chrysctile and subsequent
transformation to.forster;te dre to heat. The prescrce of forsterite indicates that
“he. teémperaturs of the brake system in Fhase IIT was at least €COC.

In addition te zonitamination of the dust samples by inorgenic eamporents of the steneil
inks, .ap organic component, a phthalate plastizizer of the 1nk, was also dstecied in
mast’ of. Lha dust samples. Acrylic resin was not debected,

S
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Pvrciysis Gas Chromategraphy { fPuu

-

A samples were, pyrolyzed under ideniticzl condivions nad the fIPganLS vere analyzed
. by gas rthromatography. The chromatograms of the submitted samples were c0mpared with
the prinary and secondary brake linings.

' 4

‘' The original brake linidgs showved idnrtical caromatograms. The only identifiable

. organic constituent in the pyrograms was cashevw resin. Samples 2 and © of Phase I
showed nb evidance of cashew resin. The composite of Phase I showed the cashew
resin rlus & nuniger of other smaller frapments probably aryl-type components.

In Phase II both samples showed the large cashew fragment; the composite contained
more than Sample 1. In addition, the composite showed a significant amount of one
other. fragment of much lower molecuiar weight, nol common toc Phase I.

Both samples of Phase III showed almest identicel chromatcgrams consisting moinly
of the large cashew {ragment.

Light Microscapy |
1he major con°t1+ULnL of all samples s a smoky brown to opaque material which appears
to be essentially urorphous They oceur in flakes and masges ranging in size frem
less bilan one micren to over 200 microns. A *race of carbonabe was noted in eech
sampie.. A trace of duartz was Tound in Phase I, Sample 1 and compesite. FPhase II
composite showed a trace cof glass fiber.

Eleztron Micyosiloly

Hlectran m*crOV*aphs at a.tectal magnifieaticn of 30,0CC X are attached to this raport.

| ™~ samples were prépared by a rubbing out technique toc break up loose agglaomerzles.
The micrograpns show aggregates made up of very fine material, a few sclid particles
and traces of chrysotile fiber. (See Figures 1 through T)

The per cent of chrysotile fiver was determined by o medified poirt counting methed
used. for cetermining smcdnts of fiber in water samples. Tha counts from the electron
plates were made by the Packings and Friction Material Department.

: \
The results” are as folloys:

il

512 : Per Cent Chrysotile

Phase I, Sample 2

G.531
- Phase I, Sample 6 0. 065
" Phase T, compasite C.64
Prase I'7, Sample L 0.087
Fhase 11, composite 0.255
Prase IZI, Sample I 0.551
~.Prase III, composite. 0.3%0
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Research and Engineering Center
December 13, |966

A. C. 3mith

Asbestas~environmental Problems
Status Report Cctober-November |966

Packings and Friction Materials Division

Study of wear products from friction materials (J. Dec)

During the pericd Octobar | through November 30, |366 the wear dust collected
from the special dynamometer enciosure was analyzed in detall. The resulTs
were unexpectad [n that asbestos flber could be detected only by the elscrtron
microscope which indicated a maximum of 1.4 per cent by waight fibrous
debris. Thls is in contrast to about 70 per cent by weight chrysotile fliber
in the original friction material.

David Sinclair has accounted for the difference in fiber content by suggest-
ing that high surface temperatures and severea abrasion convert the asbastos
tiber info an amorphous mineral. He further demonstrates mathematically
that the very high temperatures (2000F) reauired to treak down fiber to this
extent could be generated at the contact surface of a friction material even
during "mild" braking in which the apparent temperature does not exceed 200F.
Thts derlves from the tact that the true area of contact in the friction
couple .is about one per cent of the apparent area.

From this work it would appear that the fear of iarge quantities of asbestes
fiber being introduced into the atmosphere as part of the wear dust of

friction materialis is unfounded., However, the tests to determine the bio-
logicatl effects of such dust, regardless of its fiver content, are not complete,
and we are therefore not in a posiftlfon fo draw final concl{usions.

arr—

Pipe Divislon

A, An inexpensive inner coating for TRANSITE pipe (J. H. Swensen)

A development program (Project P-22) is under way to deveiop an
"Improved Sof+ Water Coating for Potabie Water Pipe." The present
coating, based on asphalt, has become more and more unacceptable

due Yo taste and odor problems, Efforts are being directed toward

3 clear coating which will not affect water quality. Polyterpene-~
type coatings have looked promising a2|+hough their U¥ resistance

now appsars to be less than satisfactory. A ceatlng developed within
this program wit! have to be inexpensive and may fi!tl the needs for

a general TRANSITE pipe coating. |t Is hoped that the improved soft
water coating can be commercialized in the first quarter of 1967,

B. Effect of water flow through TRANSITE pipe

A layout of a system for studying the effects of flow and water
composition on TRANSITE pipe has been prepared, and an assignment
has been placed on the Engineering Cepartment. Probably this system
will not be operational until the second quarter of 1867.

{IRDUCED

-8
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A. C. Smith “2= December 13, 1966

Fiber Glass Insulations

Residue from flow of alr through fiber glass ducts, etc.(G, [. Hannes!}

Initial tests run by the Kettering Institute with Owens-Corning Fiberglas
duct indicated no measurable release of fiber into the air stream. Much
more extensive tests are under way now in the O-C laboratories under the
supervision of the Kettering institute, Johns-Manville duct liners and
duct board are part of these fTests, which will include & variety of air
fiow conditlions, Complete data will not be avaitable until about March |,

Building Products Division

A. Degradation products of asbestos felt built-up roots (J. Q. Trice)

The instrument Deveiopment Company of Reston, Virginia, a division
of Resources Research, Inc., is preparing a preliminary engineering
drawing and specifications for equipment which they propose for the
actual weathering and collection of materials. Briefly the environ-
mental chamber will| consist of four components: <{(a} +the mechanical
chamber, (b) the radiation system, {¢) the air handiing system, and
{d} the |iquid handling system. Detailed information will be avail~-
able frocm the Instrument Development Company by December 5.

We now batieve that the actual samples- for weathering will have to

be prepared coutside the environmental chamber because of the high
concantration of material thrown from tha hot asphalt and from

working with the roefing felts. After the samples have been prepared,
one will be-exposed in the environmental chamber and a second exposed
on the roof of the Research |aboratory so that at least visual observ-
ations can be made comparing the performance of the two sampies.

Materlals produced or released during the weathering process will fall
into three categories:

{a) particulate - which will be collected on membrane fl|ters
(b) water-soluble = which will be picked up by the wash water which
must also be put through a membrane fi!ter in

1967.

order to collect solids which are remeved by washing
(¢c) . .vaporized materials - which will be collected at the low temperature

traps in the air clrculating system.

B. Degradatien products of asbestos-cement materials

A program for sampling and testing materials has been drawn up.
The tesT program wi!l Include an examination of fisld-exposed materizl

which has baen In service for many years as well as laboratory exposure

of products. |In the case of field-exposed products, since shingies
are partially exposed and partlally covered in use, it is possibie for
us to obtain good reference sampies and analyze the changes that have
occurred to the exposed surface.

A preliminary examination of some vertically exposed norma|-0ured products

atter {ong exposure shows the following. Y

g

e
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A, C. Smith =-3=- December 13, 1966

Thickness
decrease durinc

Source of Samples Products Expcsure Perlod exposure, inche
JM office builtdlng,

Manville, New Jersey Dry process shingles 1918-1964 0.003 to 0.020
JM piant,

Nashua, New Hampshire Dry process shingles pre-1926-1566 0.001
JM pianT, :

Nashua, New Hampshire Fliat TRANSITE 192] 1966 0.006
JM pilant, :

Nashua, New Hampshire Corrugated TRANSITE 1924-1966 0.012

The smal| amount of weathering exhibited by these products points
up the need for very precise measurements in this test program.

5. Flooring Division

Wear prodhc?s from flooring materiats (J. Q. Trice)
Experimental work has not yet been started ian this program.

6. General Company Research

Organic material in asbestos fibers (F. L. Pundsack)

Cape S Blue, packed In paper bags and In jute bags, was obtained from the
Manvi!ie Pipe Plant, and the organic content extracted. The blue fiber
packed in jute bags contained up to sixty (60) times as much organic mate-
rial as did the fiber packed in paper bags. Jeffrey chrysotiie packed in
paper bags and In jute bags ls being analyzed in the same way, and date wll|
be avaiiable scon. '

We are working wlth a company named Analtech to develop methods of [dentify-
ing a!l the frace organic substances present In asbestos.

(t may be of interest to note that in 1965 in the United States approxim~
ately five (5) times as much benz(alpyrene was released in the form of
cigarette smoke as was contained in all the asbestos used in this country
for al! purposes in the same year. incldentaliy, more than one-half the
benz(a)pyrena associated with asbestos was contained in the approximately
40,000 tons of Imported blue fiber.

F. L. Pundsack

ae

cce F. J. Solon - GHQ
K. W. Smith,MD -GHQ



Research & Engineering Center
January 25, 183487

A. C. Smith SN

ASBESTOS - ENVIRONMENTAL PROBLEMS
STATUS REPORT — JANUARY 24, 1367

.

1. PACKINGS AND FRICTION MATERIALS DIVISION

A. 5Study of Wear Products from Friction Materials {Dec)

As indicated in the report dated 12/13, only 1.4% of the
wear dust collected was asbestos fiber. No information has
yet been received regarding the dust samples submitted by
Dr. K. W. Smith for'biological testing. WNo additional
sampling of wear dust is planned until information on
biological effects is obtained.

2. PIPE DIVISION

A. An Inexpengive Inner Coating for TRANSITE Pipe {Swensen)

A polystyrene ccating has been formulated which has shown
more than the required resistance to ultra-violet and which
meets the AWWA requirements for water-pipe cocating. Long-
term adhesion has been satisfactory to date {two months
exposure). A Commercial Recormmendation w111 be issued con
or - about February 1S5.

B. Effect of Water Flow through TRANSITE Pipe (Swensen)

Plant Engineering has estimated the costs of constructmng
a system to study the effects of flow and water compOSltlon
on TRANSITE pipe to bhe approximately $280,000. In view of
the high estimated cost, the proposed program and system
are being revised.

P

3. FIBER GLASS INSULATIONS

A. Residue from Flow of Air through Fiber Glass Ducts, etc. (Ham

As mentioned in the December 13 report, the extensive test
program is continuing. Data will be available about March 1.

4. BUILDING PRODUCTS DIVISION

A. Degradation Products of Asbestos Felt Built-Up Roofs (Trice)

Based on specifications and quotation from Instrument
DeVelopment Co., Reston, Virginia, an appropriation request
in the amount of $25,000 will be submitted by January 27
for an’ environmental chamber. This appropriation will be
accompanied by a detailed program and an estimated total

¢ . e ‘ugAED
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A. C. Smith i -2- ' . January 25, 1967

6.

cost. Delivery of the chamber is promised for 16 weeks
after receipt of order. '

Degradation Products of Asbestos-Cement Materials (Trice)

Samples of Steam Cured TRANSITE (COLORLITH) showed a
decrease in thickness of less than 0.003-in. after at least
12 yéars vertical exposure on the REC test decks. (Normal

Cured products showed a decrease in thickness of 0.001" -
0.020".)

The program of finding and examining exposed samples has
been expanded to include wet and dry process as well as
normal and steam cured samples. : :

FLOORING DIVISION

A.

Wear Products from Flooring Materials (Trice)

A program is being prepared to utilize a modification of
the type of envirommental chamber being recommended for
the asbestos-roofing program (Item 4A above).

CORPORATE RESEARCH

A.

Organic Material in Asbestos Fibers (Speil)

Research Memorandum #M411-489 (12/28/66) presented a review
of the literature concerning the occurrence and properties
of benzopyrene in the atmosphere from smoking, exhaust fumes,
overheated tar and asphalt, the general burning of rubbish,
coffee roasting, ete. The outer layer of a "well done"
charcoal-broiled steak was found to contain a substantial
quantity of benzopyrene.

Samples of asbestos have been sent to Case Institute of
Technology and Mount Sinai Hospital for experimental work
theg are conducting on their own.

Work has continued with Analteck Inc., on improving methods
of identifying trace organic substances present in asbestos.
Most recent information shows Jeffrey fiber from a paper
bag to contain 19-31 mg organic material/100 gm of fiber,
whereas samples from a jute bag showed 4 mg at the center
and 16 mg adjacent to the surface of the bag -- the reverse
of information obtained with Blue fiber. Additional tests
are in progress.

We cooperated with the Veterans Administration Hospital,
Hines, Illinois, who are studying the relationship between
asbestosis and mesothelioma, where their work with mice
showed heat-treated asbestos gave a more toxic reaction
than unheated ashestos. - rw'waED

s
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Hamster Iung_tissue samples submitted by'the Health
Service Institute, Fairleigh Dickinson University,
examined by electron microscopy, showed the presence of

. both amosite and chrysotile asbestos.

B.
J.
W.
L.

NV

W. M. MacAlpine

Burnett, GHQ
Solon, GHQ
Smith, GHQ
Pundsack
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"0} pyse: BRAKE LIBING WEAR DUST - Evaluation by
5 requntet byt B Btuckatr
Q Rn‘s'gg‘ for Requast . ;~a: e S

. o

 To deterning hat bruporticn of the d

R S aeiae
" - Description of Yample

" Atr-borne A;.nmﬁlo of breke ilning vei.r dust collected
Bample Tecovared by removal of Geiman filter by cold MEK

Methods iyt . Tn el

Joer e : a .
. LAY . . . D
. Y EE

LR

. The saterisl waa exanined mlcroscopienlly in i

" contrsst. A portica of the sampla was rubbed out.

" gloctron grids, as outlined in Rasearch yeport W12 )
vare then shadov-cast. The rub-out technique breaks up
fractures solid materisl, It does to & cartain extent
fiber, but does not aplit indf{vigual rivrila. = ¥

et )

- Bignt election aicrographs of the shadow-cant material were o
VY eatal nagnificaticn of 30,000X (EM5 hT9, A to Hi.:. Also, tvg elect
of ruttad-out material th shadow-cast asd coe slectron Bl
.. materisl that hed not been rubbed oub wars taxen for comparisca; 2l
Caitfraction patiern of & suall fibor in the Tudd risl
Lay, wee ocvtalned, Two electron micrographs of alr-borne ®
Pl 4o this Tepardi ipigures 1 and ) N

IR o

“, 3% ¢ py sesns of @ trsasparent grid uith
... V'of shedow-cast material, & polat-cownt
.. content uu'ld.o_nmiud.',ﬁm alougated,
o' dimseter, but not eXcreding €00% in 4l
» .

algh

Electron microscouy.

unluago!uu‘ dvat ocours sa romded

200~ in dlmeter eTe slsc pressnt,

- structure woted in € otile. ° Ao
w 97‘. P 'ﬁ.
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Iber content by polntecount method. (The mensurements were mads by J, Lovler
of Friction Materials and the vork wes supervized by D. Bailey.) o RS

- Ty

The percentags of fibsrs {n & total of 2645 units counted, as calcwlated 06 &
vclume basis asougts to 1.4 per cent. Units counted as fiber ranged fromi about
200k to about 600X in dismeter, and from 600f to sbout 1.3 microma in length.

Electron d4{ffraction. An eleetren diffraction patiern of s single fibver {n .the
a{r~-borme sazple of bdrake vear dust wes cbtainmd. Thia pattern coincidaa with
elpctron diffraction pattarna which veres obteined from mirgle chrysotile flbers.

Discussion

The values obtalned by the polist-count welhod as cutlined indicste thay less whan
2 par c¢eont of the air-borne aample examined occurs as small fibers. These fibers
are of the crder of 200X to 600X in dismeter and rangs from 008 to 1.3 microns

in length. Heote alac that scmewhat longer fiberd occur in brake vesr dust that
vay nob Tupdbed out. TFor example, a fiter 3 mierons in length 1{s shown in Figure 1,
sn electron ticrograph of brake vear dust that was not rubbed out. Fiders of this

length are of rare ocrurrence in the samples examined, and are waually attached to
particulate material, as in Figure 1.

Sampien obtalued from the drum snd the boX were found to be comparsble to the sir-
tcrne aample {n general appearance and fiber content.

On the basis of an electron diffracticon pattern obtained from a fiber 1o the air-
sorne sapple of btrake wear duat examined, mnd found to colaclde with an electron
diffraction pattern obtalzed from a kcown thrysotile fiber, it is apparent that

scra o all ©f ¢he {lbers ir thiz ssmple of brake wear dust atidl retain the ehvysc-
tjla structure, Thus, based on the methods used, the smount of chrysotile fiber
+hat can be reccgnized aa such in thia sample does not exceed about 1.4 par cent

cn A vclume dasis,
() By
Reported by: .

U, Builey

Basic Chemistry Reaearch Secticn

C T Eoau —0MQ - WS
co: A C. Smith (2] —

K. T, Senda ‘
D, Sipclair

8. Speil

G. Reimschuaanl

D. Balley

Library (2)
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Fizure 1. Srare Lining wear Dust. Materisl asnei at LATC, suspended
in water and aried en fcrovar substrate. {Not rubbed gut.}
Yagniflcaticn £2,000X




Figure 2. Elactron Micrograph of Brake
and shadov-cast). .

linlng Wear Tust (Rubbed cut
EMS 4798




