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Research & Development Center
May 22, 1973

BRAKE AND CLUTCH EMISSIONS GENERATED DURING VEHICLE,QPERATION
Michael G. Jacko, Bendix; Robert T. DuCharme, Bendii; and
Joseph H. Somers, EPA (Presented at the 1973 SAE Wational
Automobile Engineering Meeting, Detroit, May 16, 1973).

SUMMARY
by J. W. Axelson

Cmission collactors were installed on the right front disc brake
and the right rear drum brake and on the dry clutch assembly.
The left brakes were left in their normal. configuration and were
used to nonitor 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 sump material; and the debris on the hrake surfaces. Optical
micrecscopy with phase contrast at 400X and transmission electron
micreccopy at 22,000X were used to identify and measurce the
amounts of asherntos.

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

It was estimated that 51,500 tons of asbestos are uscd in friction
materials annuvally and about 37,000 tons arc actually worn awvay.

Knowing the asbeutos cmission in ugws per mile it is cossible
to calculate the Lotal annual asbestos emission per year.
This comes to & total of 153,200 nounds (79.1 tons) but only
3.2 per cent or 5060 pounds (2.53 tons) iz airborne. Over
99.7 por cent of the total asbestos wear is converted to
olivine ox forsterite. '

tote :

Butrapolating the Ford data of only 0.0023 per cent of lining wear
appeavrirg as asiuztes fiber, the toirl Friction wear catimated by
Bendix 2€ 61,800 toenz would give an asbestos emission of 1.42 tons
(2840 ;ounds) which is a little more than onc half of the Bendi
value,  This in not Lad agvecment considoring eche wide difforences
in tesi procodurces and type of caloulations.
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3. 3. Koeh

3reke Dacomposition Products
2ublie Health Service

During 2 reec2nt wetlng on :5bestos and health at tie Publie Health Servics,
I laurned tuat fas ublics Foeltk Service had performed draie wesr suuilas
atilizing dmaxmeter squimnent 3% the Americnn Braie Zhoe Company in
“haborii, YNew Jarsey. Thase data were reporuad cn orll 3, 196G, to e
Aseisdcant To the Thief for Jnidemiclogy anid ?4izld Studiles, Dzpartmeant of
daalch vy Jersmian Lymea, Senlor Senitary ifiocer, .aginearing Usotlcno,
Sescerca and fecandlcal Jervices 3ranchi. Brierly. (0@ resuinsd sacwad
srecsically so fibar (n ihe Jdecompesition nrcduco ot ‘tast samparniures

Jp <o spproximately #CU-50CR. Sample avaluaticn wes Dy alectiron

nicmgm‘.ph. ’

on the 'test semseracuse approximated 7CCF in ac-callad dande stess,
b2 overicad ccmulilicn cwperenily detériorazed 22 vresin ocbd zermitting
fihor to be rivped oud oF tae brake inatend o deing womm otf.
sypradomaiely 15 ser cenu of toe Tiber s wisibie in shis daoommoslition
smserisl. The resuwivs -re sumarized velicd.

~me Oof 3rala Tegt Conditicn
Jise orese nceal, aity driviag
3us btraad normal eity driving
L0 Drogs 1C0-¢COF
~utc bruxe G200
~uto braxe cCC-TCCP
UL elusen scrmnl eity driving 2
Lus orasa 450-55CF 2
AULG Drmike LOO~600P -0 (Zew libars)
Lute drage 1C0-3C0F 0
2us brake 150-550¥ 0



3. <. Koch 2= Teceaber 30, 1366

.ir., Lynch believes that the results cleerly indicete that wesr of brzine
lininas 18 act a siznificant factor in contributing fiber to tha atucgphere.
te intends to pwblish his data as 4 brief note very shortly. T hova favited
hinm to visit the Research Center o reviev ocur resulis “43h you nd anvre
iadicetad that we would give him permission to juccte cur Jigures.

I Walieve that publication under the auspices ¢ 2 &

suverarent sbormutery

would e far more benericial than by Johns-rieaville. I cicll actir yeu
18 $cen as 2 firm date hes been established for thius vigit.,
e DAL
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en: P, L. Pvndsees
C .
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General Headguarters
Aoxril 21, 19367

F. L. Pundsack - Pinderne

Brake Lining Wear Dust
Your Letter of 3/14 to F. J. Sclon
Your File 2593

Confirming our ohone conversation of this moraing,

I aonrove your recommendation that we collaborate with
the U. S. Puklic Health Service throuch tie release of
information from this study.

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

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

findings »narallel ours very closely.

The bnotogranhs which you recuested be returned are
attached.

H. M. Jackson

¢2: P. J. Solon

AT
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Research & Engineering Center
March 27, 1968

J. Solon DH
H. M. Jackson DH
K. V. Lindeill - Asb
¥. L. Pundsack

H. G. Koch

J. Leineweber

Brake Lini Deceomposition

I thought you would like to have a copy of Jerry Lynch's draft of a
paper on breke lining decomposition which is to be submitted for pub-

lication in the Journal of Air Pollution Control Associetion.

S. Speil

SS/rs
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Hr. 3. . Lynea
t. of Health, -2- April #, 1962
Zéusatvion X% Walfare

P
PR
“-

-

I wea unadle to reach you by phone today, dut did speak to Howard Ay.r.
dm suggested tho poesidllity that you might want to delste che lagt oight
vords. However, since you probably do want to reforence Dr. Cralley's
prescantation, I might suggesat that you use some slight medifi:ation, such
a5, "when compared with sources of free fibsrs, oth:r than asbestos’ or,
1238 desirably, and I do not think what you mean, “when compared with
oth.r sources of free fibers, in addition to asbestas .

I hope that you will be atle to modify this last jentencs, especially in

view of your departacat's 2fforts to preveatl amy possibvla amisuse of your
words.

Vory truly yours,

Dr. Sidiney Speil, Diractor
Corzorate Resoearch & Tevelopment

58/rs

{x
[r]
vo

¥r. Howard Ayer -« HEW, Clocionatl
Or. Lewis Crallay - HEW, Clacinnsti

-

-~

P
see: H. M. Jackson - DH” F. L. Pundsack
J. Solon - DH H., G. Koch
X. V. Lindell ~ A2D W. C. Streidb

“w. P. Raines DH E. M. Fenner
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6.5 Mi Johns-Manville 7
L ]
Rascarch & Lngincering Center

£ ) Box 159
, Maaville, N 3. 08834
(2011 722.0000

September 6, 1972

br. M. G. Jacko

Materials and Processes Department
Bendix Rescarch Laboratories
Southfield, MI 48075

Dear Dr. Jacko:

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

Sample No. 1 - Vehicle Test 1

J<M HNo. 4123-58-1 Detroit Traffic Schedule
Right Front Brake
Surfaces Samplec

Sample No, 2 - Vchicle Test 1 _

J-M No. 4123-58-2 Detroit Tratfic Schedule
Right Rear Brake
Surfaces Sample

Sample¢ No. 3 - Vehicle Test 1

J-M No. 4123-58-3 Dectroit Traffic Schedule
Right Rear Brake '
Airborne Sample

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

No. 1 No. 2 No. 3

Initianl Samplce Weight (mq) 50.78 46.50 45.70
Weight of Ash After Tanition @ 400C (mg) 43.50 21.10 30.20
Weight Loss on Ignition 14.43% 33.1% 33.9%
Total Fiber in Sample (micrograms) 2.54 0.98 2.73
Percent Fiber in Original Sample .0.005 0.002 0.006

We were unable to determine the clement distribution because
our cmission spectrograph has been disassembled for our move
to Denver,



September 6, 1972
Pagye 2

—

If you have any questions regarding these samples or pro-
cedures you can contact Dr. Speil. He will be available
through the month of September. After that time you can
contact me in Denver. Our mailing address and Qg}ephone
number in Denver will be: ’

Johns-Manville Corporation

P, 0. Box 5108

Denver, Coloradoe 80217

Phone: (303) 770-1000

Vexry truly yours,
Vil
_}"'If. 2L Lae & €L n-
J. P. Leinoweber
mp

cc: Dr. S. Spcil ¢~
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Research & fngineering Center
September 30, 1966

K. V. Lindell, islestos
Hazardous Dust

Upon our retwn from Aspbestoa, S. Speil and nyself met with Dr. Ken Smith,
de Gs “ocit, Research tHaneger of Packings and Frietion Materisls, and other
nenvers of the Basic Research group to discuss the status of the progran

on brake lining dusta. 8ince this vas a subJect we discuseed briefly with

you, I thought you might be interested in a few of the easential detalls
and conelusious renched at this meeting.

The breke lining dust gample was collected by wearing a brake agsinst o
broke drum with the whole agsembly enclosed in a boxlike apparatus. As

the brake was worn, 150 efm of filtered air wos drawn through the system
and the airborne dust was collected on a Millipore filter. Dust remsining
in the breke druz was also collected. The alrborne dust was 1llustrated

in the electron ricrographs which we left with you the other day. X-ray
analysis ghowed this materlal to be amorphous with no crystalline structure,
althoush by speetrographie enalysis there was sufficient Mg0 and 510, in

the proper ratios to account for the original chrysotile in the broke lining
cotpesition. Rubbing out the azglomerate masa and examining this under an
electron microscopc showed evidence of some small fibers reduced to their
ultimate £ibril dianeter. The amount of such fibers is difficult to
nacertain, but tests are under way to get the best guesatimate. Gos
analyges of the fumoes given off during these tests have not been gucceasful ,
and we have not been able to determine ag yet whether any heavy organic
£u3es vere present in the effluent air.

Tou probably know that Dr. Ken Smith had previously submitted samples of
brake dugst collected from the druag of other pilot plant teosts., This
Reterial had becen sent to the Industrinl Hymiene Foundation in Pilttsourzh
for intratracheal animal tests under the directlon of Dr. Taul Grosz. The

results of these orisinel tests should be completed by November to pee if
"agbestos bhodies" are cvident.

Dr. Smith planned to submit samples of this new alrborne material to the
same location for additional tests. DUr. Srith cdviged me that he had
dlscussed this motter with Dr. George W. Wright, Director of Medical
Reseerch, St. Luke's Hoepltal, Cleveland, and as I understood from you,
a member of your acientific committee on occupational health, Dr, Smith
nald that Dr. Wright was in agreement and approved of the Pittsburgh
locition 23 the besat plaee to conduct these teatg. Speil and I pessed
along to Ur. Emith your Inntructions that the Scientific Council should
be used to determine the best location for such studies, and apparently
this has been done with the proposed program.



oo Vo Lindell, Adbenton 2~ Bmptembar 30, luub

IL vas agreed ol thls veeting that the technique used to collect the broke
dust cemple should be deseribed and 1llustrated to rmembers of the liyglene
Foundation and any othera you feel should bo included from the QAMA
Occupationnl ilealth Institute or Scientifie Council. In this way, the
technique of sampling as well a3 the nedical results would be understood

end epproved by an outside agency. A sinilar spprecach would be taken on
new nicthods of identification which might be developed.

Samples of alir dust ccllected in Detrolt under the direction of

Dr. A. J. Vorwald (Wayne State University) will be sent to Research for
cxamination to determine 1f asbestos fibers are present in particulate
matter collected from the atmogphere, snd if it is, how much is present.

You probably are familiar with most or all of the above, but I am taking
no chances of a breakdovn In communications in this important matter.

W. C. Streit
ch
ce: S, Opeild
Flle
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Besearch & Engineering Center
Becenber 13, 1963

D. Balley

€t ten Brake Lining Wear Bust
- 2N . ,r, .;" ’!ﬁs*h‘

Tou will recall that during his recant visit to the Resesrch Cenmter, Dr.
Ko W, Smith mentioned & recent theory that asbestos fiders freed in the
",yuging bf brake linings might have soms pathological effects. Mr. Koch
ﬁm,bmm vear dusts from thires cars énd I would eppreciate your eXx-.-.
¢ Suinlog these mierosaopically 10 see if you can téentify ssbestos fivers
o el § e atteaniag a vork. ewet (1D $345) Yo cover this
A 2T A 1k ,,ff }‘ . "}::_qu IR ae i‘"‘;f:j-:* \
S al30 sttashing the pertinent eoérupqnhnoe and would 1ike to'eall
3 Your attention to Dr. Sxith's request for the material remining after
wmﬂm‘,ﬁ :”‘)‘“‘“;‘ w vlnig J® apiin pt gn S L °:" .
EAERASALE SR L WIS 4 IR A
Would you please let ms know vhen you have coxpleted your exsmination,
&t wvhich tims we can again get togetder with Do, Suith to determine if
any additicoal work is required.

W. C. Btreid

co: K. W. Sxith, G
4. C. Guith (
L. B. Nair
» L. Pundsack
%. @. Xoeh

PRODUCED
JM - 83
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Streib Research

Kbch‘s letter to me of |
I am forwarding the o
o you for analysis,
‘I wonder if you could

You' have received h'oopy of H..G.
FNovember 27; 1963, ‘on this subject.
three envelopes containzng the dust t
-.As" discusgsad on my recent: vxsit,
have this duat: analyzed to. aee ‘1f there are any free ang

..recognlzable asbestos fibers in‘it? If there is any dust .

.-.deft over,: ‘eould you please ‘retain it for I might like to
5 have 1t ‘used by ‘our research pathologist at the Industrial
, -Pittsburgh? T

. * . s
‘ . . .

fey - ‘ . .\, . . -

:

11 shall be very plea é.to’viéit’you”egein at the Center to
;dlscuss the :?sults of your tests when obta1ned.

PRODUCED
M - 83

¢ o g s




Research and Engineering Center
November 27, 1963

Flle: 456-G
Dre K. We Smith - GH‘/
Brake Lining Wear Dust

I am enclosing three envelopes containing dust removed fram the brakes
of the following cars:

Car Iining Mileege
Camet PC-2308/PC~3049 1266 miles
Newport PC-594 /Td=1618 540 miles
Chevrolet Inlite equimment 9900 miles

You will f£ind that the dust comsists partly of ferrous particles,
presumably abrasion products frum the cast iron brake drums. The
remainder should be predominantly abrasion products from the brake
lining themselves, We can supply information on the camposition of
the brake linings used in the first two cars. The third car wvas
equipped with competitive lining, a composition aoct known to us, but
undoubtedly econtaining asbestos fiber.

H. Go Koch
~

ek /GK j?‘/
ce: W. C. S*t.reﬁ.‘:"-~

) Ce Le Meserve

PRODUCGED
JM-83 .
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JOHNS-MANVILLE RESEanCH Repot. . U56-7-86
AND ENGINEERING CENTER Date January 20, 1964

IM CONFIDENTIAL. Not for general distribution or republication.

Tite: PETROGRAPHIC AKD XY-RAY IIFFRACTION ANALYSES OF ERAKE LINING WEAR IUSTS
Requested by: W. C. Streib - Request Bo. FD-345

SRMARY ‘

Three ssmples of brake lining wear dust were examined petrographically to determine
vhether chrysotile fiber can be distinguished in this type of material. Two of the
saxples vere also examined by X-ray diffrsction for confirmation. The samples were
from the following brake lininga:

;1.; 1963 Comet
2) 1963 Pontiae
3) Chevrolet 6, Inlite Lining

Petrographic exmmination showed the following:

The dust from the Comet lining contained an organic binder, plus emall percenmtages
of quartz, megnetite, carbonstes, talc, and (rarely) & few chrysotile fibers.
Chrysotile in sizes recognizable under the microscope constituted less than one
per cent of the total.

The dust from the Pontiac lining appeared similar to the one from the Camet lining,
shoving the same components in camparable smounts. Only sn occasional bundle of
chrysotile fider could be detected after prulonged examinstion of seversl slides.

The Chevrolet brake lining dust differs somevhat from the others, in that it contains
Poasibly 10 per cent quartz. Talc appears to be sbsent. A small smount of graphite

appears to be present, but was not positively {dentified. An occasional small bundle
‘of chrysotile fiber was noted, as in Samples 1 and 2. ]

X-ray diffraction results:

2 Comet Lining w wveak pattern
tale Qe . trsce
D ite L, .__WO
t from Inlite Lining iren ) . e .
> R magpetite *%%::@35‘“

The "trace” of chrysotile detected by X-ray diffrection in the Comet lining é&ust
could possibly smount to as much a8 5 per cent of the total. This would ind{cate
that in eddition to the occasional fibers seen microscopically, there msy be scme

Nowbook No. 2610, p 52; 2064, p 88 o File b56
“RODUCED

—_ - . - A~ ot SRR =it ey . com.
- : B MMM Coniopmiotote, Smie e prc e e v 3 O oo e o SRR w-&;—-...,_,m
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JOHNS-MANVILLE RESEANCH Repon . U56-1-86

AND ENGINEERING CENTER Sumnary Pege 2

IM CONFIDENTIAL. Not for gencral distribution or republicarion.

finely divided and possibly coated fibrils not recognized under the light micro-
scope. Failure of X-ray diffraction to detect mny chrysotile in the Chevrolet
lining dust sets the chrysotile content of this sswple as well below 5 per cent.,
The Pontiac lining sample was not examined by X-ray diffraction, but the incidence
of microscopically recognizable chrysotile in this sample is of the same order as
in the Comet ssmple.

Contents: Summary only.

F. L. Pundsack

X-ray Diffraction by .
(%. P. %ﬁf ;

ce: K. W. Bmith, GH— ... . C. F. Rasgweller,
- A. C. Smith (3)

F. L. Pundsack

W. C. SBtreid

H. G. Koch

D, Bailey

JO ?0

Library (2)

Approved w_m Reported w_,éz%o- oy,
D. <y

. PRODUCED
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JOHNS-MANVILLE RESEARCH © Report No, 156-2506

WD ENGINEERING CENTER © Da decemver 19, 1968

2Tne ' STUDY OF WEAR DUST FROM BRAKE LIWING
Project. 2550 )

SUMMARY

S .
Brakq llnlng wear dust was collected on a membrane filter mounted in a box
which surrounded a breke run on an inertia dynamometer. In addition to
chis airvorne fraction, the durt that settled to the floor of the box and
that which remained within the brake was also collected. A total of 6-1/2
 grams of dust was collected frem 2150 stops during a total time of about

_ 110 hours. The 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 (about 10 per cent).

~ The a.rborne dust was examined by light microscope, electron microscope,

. . %~-rays and other means. Asbestos 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, although the lining contaeins 70 per cent chrysoctile fiber.

. ‘ : }

This result is accounted for by the high surface temperature and severe abrasion

during even the mild braking of these tests when the average temperature did not

exceed 2000F. Calculations show that the surface temperature at the true area
of contact (1 pericent of the apparent area) can reach 2000°C or more. It is
 concluded that most of the fiber is converted to an amorphous mineral by 1ntense
heat and fine grlndlng.

1t is recommended that samples of the particulate matter in the atmosphere be

collected at suitable distances from highways and the sample examlned in the
1electron mlcroscope for asbestos. :

Contents: Summary , Introduction, Experimental Method, Results, Apﬁendix I (cal-
culations), Appendix II (Tables 1 and 2). Appendix III (Figures 1-%), and

Appendix IV (References).

}

A . : Reported by:
’ ] David Sinclair
’ ‘ Basic Physics Section
a=s
. ' i .
" ce: - F. J. Solon, GH : A. C. Smith (2+8)

"K. W. Smith, MD -GH S F. L. Pundsack
I ‘ Att: S. Speil

N o . J. Dec

‘ o H. G. Koch

. W. C. Streib

' o H. W. Cilvert
H. F. Remde
D. Sinclair
Library (2).

‘Notebook 723, p 1kl. o | File 456
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INTRODUCTION

Labbratory measurements were made to determine what type of particulate matter
and gases are given off when a brake lining is worn during operation.,” The wear
of the drum,-usually cast iron, is necessarily included. Of special interest is

~the airborne dust expelled into the atmosphere from the moving brake. Previously,

some pbservations had'been made at Johns-Manville Research and Engineering Center
on dust removed by hand, from a labbratory brake,l but this is the first time, to
cur knowledge, that any observstions have been made on the airborne fraction.:

A search of the literature revealed no measurements on brake lining wear dust,
. although the rate of wear is sometimes given.2+3 Recently, numerous articles‘ha5

have. appeared calling attention to the widespread use of asbestos in materials
stch as brake linings, floor tile, roofing, asbestos-cement products, etc. It

'is ustally assumed that as these materials wear, much of the asbestos fiber is

dispefsed into the atmosphere, thereby contributing to air pollution and creating

. .a health hazard. This is understandable, since the asbestos content of these

materials is often high, 70 per cent in the brake linings used in these tests,
and asbestos is commonly considered to be indestructible.h However, we know of
no measurements made to ftest this assumption or to observe the amount of asbestos
in urban atmeospheres.

The present tests show that dﬁring the wear of brake linings Very little asbestos
fiver is dispersedtinto the atmosphere. Examination of the airborne dust by

_light microscope, electron microscope, and X-ray diffraction showed very little

of the original chrysotile fiber. Nearly all the fiber appears to have been con-
verted to an amorphous mineral by the severé ebrasion and intense heat generated
during brake operationm A point-count made on eight electron micrographs gave an
upper limit of 1.4 per cent fiber in the airborne dust.

" .fhis is not surprising when . one calculates the amount of energy dissipated while

operating a passenger car brake. - It is shown in the appendix that the heat generated
raises the temperature of the surface of contact between brake lining and drum to
about 2400°C. This high temperature occurs on the surface of the lining at the

‘regione of actu&l contiact with the drum, much less than the apparent area of contact.

Thea: regions of contact are worn away during rubbing, so that the actual contact

‘ éontinually shifts to new regions. As a result, the wear particles of asbestos,

resin6 etc,, are heated to a very high temperature for a very short time. Bowden and

- Tabor™ observed many incandescent hot spots during the rubbing of metals on glass.

EXPERIMENTAL METHOD

o T .
' A wooden box, approximately a 1-1/2-ft cube with a Lucite top, was constructed to

fit around a 1961 Ford brake mounted on the C inertia machine in the Friction Materials

.Researcﬁ Seétion pilot plant. Figure 1 is a photograph of the box mounted on the
bral e. The left rear side has a conical air inlet which carries a l-ft-square Flanders

fiber glass filter .on the entrance, and tapers to a L_in.-square opening at the outlet
intq the box. The right front side of the box carries two 8 x 10-in. filter holders
for Gelman membrane filters. These holders are connected through flexible hoses to

‘a 7-1/2-np industrial vacuum cleaner {not shown). When the vacuum cleaner was run,

about 150 cfm of dust-free air was drawn through the Flanders filter, over the brake

_and out’ through the membrane filters to collect the airborne wear dust.

The pressure drcp across the membrane filters was about 1§—cm Hg, measured with the
mercury manometer shown standing on the box at the right, connected to a petcock
on the exit side of the filters. 'The pressure drop across the Flanders filter was

sbout 3/4-in. HpO, measured with the water manometer shown on the left, connected to

a tube through the side of the box.
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Since the interior of the box was under a negative pressure of 3/h-1in. 150, it

was necessary to seal the Joints and screw holes.against entrance of dusty ambient
air. This was done on the outside with DUXSEAL and on the inside with contact
adhesive. ' The interior of the box and the parts of the brake and mounting within
the box were painted white to show up any wear particles that settled out. The
stationary hubs. at?each end of the brake drive-shaft were sealed to the ends of the

- box witht 11/16-in. rubber sheet and rubber cement.

. [

Fr.gure Q'ShOWS the suxiliary equiﬁment used to measure the relative rate of evolution
ot vear. dust during and after braking. At the left rear is seen a Sinclair-Phoenix
aerosol photometer connected to the side of the box through a petcock. In the left
roreground is a logarithmic amplifier connected to a Varian recorder on the right.
Dusty air was-drawn continnously from within the box and through the photometer at
a.rese of about 1 cfmn by means of a 1/6-hp Gast pump. Since this rate of air removal
is ‘about.0.7 per cent of the total air flow, its reduction of the amount of dust
collected on the membrane filters is negligible.

Figure' 3 shows the type of record obtained during stops from 35 and 50 miles per hour
at 10 to,12 ft/sec® deceleration at intervals of 2-1/2 minutes, Two of the stops were
from 50 mph as indicated and the others from 35 mph. Usually a more or less regular

 pattern occurred in which the dust concentration fell to near zero between each of

seveﬁnl stops and then remained -at an intermediate level for a couple of stops.

 The marks numbered 2: 3, and b are calibration points for the logarithmic amplifier.
- They are obtained by ‘interposing neutral optical filters of known light transmission

v

into the photometer light beam.

Figure 4 is the. resultant calibration curve which shows .the approximate logarithmic

‘relationship between chart reading and dust concentration, the latter proportional to

;¢ ‘ttered light intensity. For example, a chart reading of 50 corresponds %o & dust
concentration about 100 times that for a reading of 5.

Dust was collected during 2150 stops, most of it on two membrane fitters. The average

temperature of the brake lining was kept at 175-2000F and was measured with a thermo-
cOuple‘set‘in a hole in Ehe lijning about 1/16 in. below the surface. The temperature
was kepv low, in-order to simulate average braking, by increasing the time between

- stops to 3:to 4 minutes when overheating commenced. As indicated earlier, this tempera-
" ture is falr below the iﬁstantaneous surface temperature (see Appendix I ).

§

r 'RESULTS

Thrse fractions of wear dust werefcollected:

1. Airborne dust collected on membrane filters: 2.7l gm;

s .

" 5. Dust removed from within brake after completion of test: 3.54 gm;

N

3. Dust collected from within box after completion of test: 0.214 gm.

iThese'fragtions all include some cast iron worn from the drum, about 1 gm total. The

samhles were analyzed for ignition loss, by light and electron microscope, X-ray
spectrometer, emission spectrograph, infra-red spectrograph, and Coulter particle
size “analyzer. In addition, air samples were withdrawn from the box during braking and

.. ‘analyzed by the Gollob Analytical Service., Table 1 shows the results pbtained.
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Table 2 saows the composition of linings used. It is seen that the finished lining

is sbout 70 per cent chrysotile fiber after the waier and other volatiles are driven off.

The total weight.bf sample collected, 6.46 gm, is much less than the measured weight

loss of the brake shaws and drum: primary, 4.0 +1 gm; secondary, 7.0 tl; and 2 :1 gm.
However. the accuracy of' these weights is questionable because of the heaviness of

the shoes and the drum.: We feel certain that negligible loss of dust occurred during
the test?, so that we cannot account for the discrepancy.

.
A

N

Lo
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APPENDIX I

Calculation of surface temperature of lining.
S . . \

These‘téSts simulate a front wheel brake of a 1961 Ford, designed to decelerate

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

the kingtic energy of tiis mass is 106,000 ft-1b or 136 Btu. At a deceleration

of 10 ft/sec2 thls heat: is generated'during a stop of T7.35 seconds' duration.

During the first second, the avernge rate of heat generation is 34,6 Btu per second

= 8.72 % 103 cal/sec. This heat is generated over a total lining area of 52. 5 sq in.

(21ix 2-1/2) rubbing against ¢ast iron.

"Bowden,and T,abor6 give a method which allows & calculation of the true area of contact.

Theivr experiments on metals showed that the actual area of contact is directly pro-

pértional to the load. As the load was increased, the points of contact* flowed

plastica.ly. until the areas of contact was sufficient to support the load. In the

case of less ductile materials such as brake linings, the points of contact would

be crushed until the load-bearing area was large enough so ‘that the crushing strength

was no longer exceeded,
: ‘ o

For metals, Bowden and Tabor found that the yield pressure is three times the tensile

strength. We make the same assumption for brake linings. dJohns-Manville Research re-

port L56-T-Lk, received from A. J. Taylor, gives a tensile strength of 1590 psi for &

lining similar to thadt used 1n these tests. The yield pressure is then Ppm = 4770 psi =

6.87 x 10° 1lb/sq. ft.

According'to the ﬁéfinition of the yield pfesshre, Pp = L/a, where L is the load and

a is the real area of contact. The load on the lining may be calculated by equating
‘the torques about the axle of the simulated car.

Phe’ torque on the‘tlres is .
mdR = 1270 x 10 x 1.09/32.2

Here, m

mass declefaten = 3%,5 per cent of total mass of car = 1270-1b mass. .
d = deceleration = 10 ft/sec® = (10/32.2)g

3 S ‘

R = rolling radiug = 1.09 ft

‘The %torque on the brake lining is

T
palr = 0.4 x L x 0.463

Here, A4 = coefficient of friction = 0.4
L = load
r = drum radius.= 0.U63 ft

)

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

B )
. ¥The roughness of ‘even the smoothest brake lining (10-microinch average) is about
2500 times molecular dimensions.

«
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The real area-of contact is given by tHe ratio of the load to the yield pressure
& = L/py = 2320/L770 = 0.487 sq in. )

‘Since the apparent area of contact, A = 52.3 sq in., the per cent real contact is
0.93 pe:y cent. The per ‘cent real contact is alternatively givem by the ratio of

¢ the applled pressure to the yield préssure.

v

Tie. equation used to calculate the temperature is given by Carslaw and Jaeger.’a
The maximum tempersture of a strip* (the lining) sliding over a semi-infinite

medium {the drum) is given hy

2/ 21

T U —
J/77¥ Ked

max
, 3 2 .
q = 2.(8 x 10~ cal/sec. cm = rate of heat generation per sq cm of real contact area
.1 =.26.8 cm = 1/2 length of lining
K = 0.111 cal/cm-sec,9C = thermal conductivity of drum

_vc = 0.1189 cal/gm°C = specific heat of dfum

= 7.5 gm/cm3 = density of drum

\

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

Ihyese values givé T max ZthOC near the beginning of a stop from 50 miles per hour
‘at 10 ft/sec2 decleration.

Tor a stop from 35 mph, the maximum temperatﬁre would be about 2000°C.

j A ' ' .
".

[

, *The equation is derived for a moving heat source. Since the conductivity of the
lxnlng is l/8hth that of the drum, the lining may be treated as a heat source.
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- Titler "J/EAR PRODUCTS FROM BRAKE LINING - Noture of the Material

Requested by: H. G. Koch (F-381)

: o . SUMMARY
. ! ‘ . ;
A . . - ;'l
. “Alrborne brake lining wear dust was collected on a Gelman filter membrane mounted in
- an air tight enclosure (box). The enclosure: contained & brake assembly which was
connected to .an inertia dynamometer. Wear dust was. collected at three different
. lemperatures (phases). The average temperature of Phase I was 175F; Phase II, 330F;
- - and Phase IIT, 550F; simulating various traffic conditions. In addition, wear dust
was collezted from the brake assembly and the inner surfaces of the scaled box.

In Phase I a series of sets of stops were made. The airborne dust was collected at
‘the end. of cach set of stops. Only one set of stops was made in Phases II and III.

LA maferiai balance study wab made between the weight loss of the brake shoes and drum,
~ and the amount of -dust collected from the three sources. The airborne portion was
approximately U8 per cent of the total dust collected from a total of 2926 stops.
This value is high becausc all dust samples were contaminated with iron and to a lesser
degree with stencil. ifk vsed to spray the inner walls of the box. The source of the
iron is from the brake drum and from areas on the brake backing plate where ‘
appreciable metal wear was noted. Analyses show that most of the contamination occurred
durins Phase I. The actual amount of dust collected was about 30 per cent higher tharn
the weight loss of -the brake shoes and drum because of the metal wear of the backing
plate which {s not weighed. The amount of dust collected from Phases II and T[T was
. 17hont U5 per cent of the wéight loss of the brake shoes and drum. This difference is
partially attributed to the loss of vater of crystallization of chrysotile and
volatilization of organic material.

f Chrysotile fiber was detegted only by the electron microsccpe technigue. The maximum

. ‘concentration of fiber in the airborne dust was found in Phace ITI %o be 0.55 per cent.

, On the dium and in the box composite the maximum fiber content was 0.65 per cent
_ ._.{Pnase I).
e to the severe abrasid% and heat generated in the braking operation, the bulk of
the fider (70 per cent of the lining) was converted to an amorphous silicate. The
amorphous silicate formed,appreciable amounts of forsterite in Phase III, indicating
“hat surface breking temperatures reached at least 60OOC.

 Tne only organie constituent ectually identified in the wear dust was cazshew resin.
Addition:l smaller components were detected but not identified. A phthalate
plasticizer, a contaminant from:stencil ink, was present in all samples examined.

A}

i Notebook” 1o, '3656, pp 27-31; 3613 pp 80-P1; 3605, p 99; 3612,  File 456 (211)
: ' D 125: W6Ak. n AL ,
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Thic 'study is a continuation ﬁnd éxpansion‘ofvthc work begun by Dr. Sinclair. (Sce
" Report No. 456-2506.)
: I

. - : v
' For'detaiLS‘see‘"Results of Analysis" of this report and Memorandum M456-386.

1

* Contents: Summary, Materihls Submitted and Methods of Analysis, Results of Analysis
and Photomicrographu (Appendix I).
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'1;', IMATERIALS SUBMILTED AHD METHODS OF ANALYSIS

N

Materials Submltted

LaBo:atory Index No. 4 Description
Aé?-hh~l - J , - Airborne dust Sample 2, Phase I
”AéfvhhvKn_ '» g .“f Airborne dust Sample 6, Phase i
R : .

i »A97-hh-3‘ ; | | Composite dust from drum and box, Phase I
>A9T~hh-h' s Airbofne dust Sample 1, Phase II |
 A97-hh-5 | o Composite dust from drum and box, éhase II
A97-Wl-6 E : . Alrborne dust Sample 1, Phase IIT
A97T-bh-7 Composite dust drum and box, Phase III

. :
Only’ the above samples wege analyzed and the drum and box samples were composited.

3

Methods of Analysis ' '

The hmcuntAof airborhe dust was determined by weighing filter membrane before and
after collection. All other dust samples were collected by vacuum and welghed,

The samples were submitted for the following analyses or examination: spectrographic,
X-ray, infrared, microscoplc, and gas chromatographic,

, | Th~ amount of chrysotile fiber was determined by the point count method that has

Materia® Balance .

been used for determining the amount of fiber in water samples. :

RESULTS OF ANALYSIS

t

50nly in Phalse I were sets of dust collected at various stops to duplicate previous
.work. The remaining phakes had only one set of stops. The data for Phase I is as
follows: .

Run Ho. ‘ | Net Stops Grams of Airborne Dust Collccted
1 | 6-{oil leak) --
2 136 ' 0.2520
3 167 0.3330
N - 139 . 0.2460
5 ) | 439 1.5036
6 N - 1259 . 3.6067
. Total’ 2186 . 5.9013
‘Weighﬁ of dust from brake assembly 6.3930
Weight of dust in box ‘ : 2.9630

‘Total dust collected in Phase I *15.2973 groms
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‘It is Lthous that Phase,I is heav11y contﬁmlnated

. loss of th4 brake shoes

" lining.

M0 ERGHIEEMG CENTER 2
Thevﬂo;léging table contains data from the three phuscs:
r "Phase I Phase IT ) Phase IIT
'Tenperéfare ' i 175F 330F 550F
5 Number «f stops 2146 720 60
. Total dust collected (gms) i '15.2973 1.7256 8.7435
AlroornCIdust collected {gms) . - 5.9413 1.3561 5.1218
Per'cent airborne dust collected 38.8 “78.6 58.6-
L08s in welght of primary shoe (gms) 2.805 0.855 5,420
‘Loss in' weight of secondary shoe (gms) 8.390 2.210 12.370
Ldss in weight of drum shoe {gms) 0.605 0.880 0.976
Total loss in weight of brake assémbly 11.800 3.945 18.766
total dust collected jx 100 129.6 43.7 16.6
weight loss of assembly
¢
Totg;:
- ? : )
Airborne dust ' 12.4192
All dust - 25.766L .
Per cent airborne dust L8.2 ’ '
Loss in weight of.brake - !
assembly 3hk.511
) 1 N . ’ ‘ ‘ . /
total dust collected X 100 4.6

weight loss of assembly

3

About 30 per cent more total
dust was -collected than the waight loss of the brake shoe and drum. The total dust
collected in Phage II and III is 43.7 and 46.6 per cent respectively, of the weight
and drum. The reason for the lower values is, in part, due
w0 the- dehydratlon of tjc chrysotile and decomposition of orgunic components in the
Details of the contamlnatlon are found further in this report.

‘Itvis‘interestlng to notp that the secondary shoe wears from 2 to 3 times faster

than the primary shoe. Discounting contamination, the amount of airberne dust
collected per stop is 2.8, 2.4, and €5.3 milligrams per stop, respectively, for
Phases I, II, and III. The rate of accumulation of airborne dust is about 30 times
greates-at SSCI than for cither of the lower temperatures.

1
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Spectrographic Analysis (per cent in dry basis)

B . | Phase I Phase 11 Phase TII
Sample No. ‘ ' , 2 I 6___ [CompositeX| 1 IComposite* 1 [Compositer
Igrition loss at 800F | 30.8 | 11.4 20.2 19.0| 15.7 16.9| 15.8
Mgd (approx.)' C17 9 ; 16 24 21 20 25
;SiOQI(apﬁrox,) o 17 9 1Y oh 21 21 25
Fep0q (?pprox.).by diff. 25 67 L6 31 36 39 28
Al204 - 0.70 | 0.ko 0.ko 0.6  0.63 0.67| 0.76
B03 ! - - . - 0.15 | - -
. BaQ - , ' 0.2k 0.22 0.2k 0.39 0.30 0.29 0.30
o Ca0 . ; 1.0 0.9 | 1.1 1.6 1.7 1.7 | 2.5
Crp03 Co - 2.8 Ok | 0.k0 0.1 0.k 0.21| 0.4
PbO L 1.7 | o.31 ‘; 0.50 | 0.12  0.30 | o0.ko| o.u2
cuo . o ". », 0.03 | 0.07 ©0.30 0.03  0.06 0.016 0.06
Mnp0y ; 0.12 | 0.35 0.24 0.1  0.20 0.23| 0.25
‘M003‘> | | - 0.02 | o.u - = - -
Mo, 4“. - J 0-10 | 0.1k 0.18 0.20  0.17 0.21|" 0.22
CTi0h “‘ 3 : 3.8 | 0.70 1.2 0.0§ 1.7 0.03 1.7
~'vzo5 C ! <0.00L| ©0.0014{. 0.0013 |<0.001 <0.00l |[<0.COLl <0.001
‘Loss on dryingat 105¢ | 2.7 | 2.0 | 2.1 |o7| 0.6 |ou | wmna

, f
. XThe composites are dust samples from the brake assembly and the box.

Analysis of Drum Filings (in per cent as received)

. . i
Iron - major

. Cr - 0.058
" Cu - 0.17
Mg~ - 0.0013
Mn - 0.33
Mo* '~ 0,028 ,
Ni - 0.10 o
. 81 <2.5 '
.Ti - 0.026
C.013
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Specirographic analysis shovs that cach dust sample collccted 1s contaminated with
an appreciable amount of iron, particularly Sample 6 and composite of Phase I. The
iron content of the brake linings is at most several per cent by inspection of the
. - formulation. It is estimated that there 1s roughly a 25-35 per cent iron pickup
©~ from the drum and from the area of the brake backing plate. The iron pickup is
abnormally high ih Sample 6 and the composite of Phase I. The minor constituents

. found »n the dust samples confirm the iron pickup based on analysis of the drum
v. filings. . t
B R |

4

The chief source of the chromium, lead, and titanium contaminction is from the
stencil inks used to spray the inner walls of the box. X-ray analysis shows that
- PbCr0y, and TiO, are components of the stencil ink.

The ratio of MgO/SiOg in each of the dust samples is essentially the same as the
ratio fur chrysotile. The amount of Si0o and the Mg0 is reduced proportionally, in
most cases, based on increase of the F9203 content from brake drum contamination.

X-Ray

» : 1
The. folloving X-ray powder diffractometer diagrams were oblained and identified;

2 * .
Sampl.< ' ' Identification
Phase I, Sample 2 ‘ ‘ lead chromate (PbCrOy)
Phase I, Sample 6 . halos
Phase I, composite " halos '
Phase II, Sample L halos
Phase II, composite ' halos
Phase :III, Sample-l g . o forsterite (3 Mg0.Si0»)

o magnetite (FepO3)

chrysotile - possible trace

‘Phase IiI, composite - 3 -, forsterite

v )
Stencil ink (white) i Ti02 (major); tale {minor) .
Stencil ink (yellow) t lead chromite (PbCroy)

' The broad alos on diagrams of the four samples indicate & considerable amount of
~rinely divided or amorphous material.

TiOp and PbCrll are contaminants from stencil inks as confirmed by spectrographic
analysis. This is shown by the high level of lead, chromium, and titanium.

. Infrﬂzgg

The fo?loWing infrared spectra were obtained:

" Chert No. Sample : ‘ Identification
U-2581 . - Phase I, Sample 2 amorphous silica or silicate and trace

of organics

U-2532 - . Phase I, Sample 6 -amorphous silica or silicate and trace
: - ‘ of organics .

Phase I, coamposite amorphous silica or silicate and trace
: ' of organics

: ~U'-2583
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Infrared (cont'd)
. ’ \ '
, Charthg;. , Sample Identification
U-2584 L Phase II, Sample 1 amorphous silica ¢r silicate and trace of
' . . organics '
' U-2585 ot PhasevII, composite amorphous silica or silicate and trace of
' | organics .
i
U-2586 ' - Phase III, Sample 1 forsterite and trace of organics
Uj2587 Phase III, composite forsterite and trace of organics
U-26h2 stencil ink (white) acrylic resin and T10,
© U-2613. stencil ink (yellow) acrylic resin and a phthalate
] .
- U-2€hl alcohol solubles of phthalate plasticizer
o Phase I, Sample 3
U-26h5 8lcohol solubles of phthalate plasticizer
o Phase I,.Sample 6
U-2646 alcohol solubles of ~phthalate plasticizer '
- Phase I, Sample L . '
U-2647T . alcohol solubles of phthalate plasticizer
- Phase II, Sample 1
C U-2648 MEK solubles of phthalate plasticizer ..
» Phase I, composite :
‘U-2649 MEK sfoluble‘s of phthalate plasticizer

The'infrareg spectra shoy that in the first two phases, amorphous silica or silicate
and small amounts of organic material were detected in the dust samples. In Phase IIT
(550F), forsterite was formed by the dehydration of the chrysotile and subsequent
transformation toﬁforster;te due to heat. The presence of forsterite indicates that
“he. temperature of the brake system in Phase III was at least 600C.

‘In addition to contamiration of the dust samples by inorganic components of the steneil
inks, ar organic component, a phthalate plasticizer of the ink, was also detected in
most’ of. the dust samples. Acrylic resin was not detected.

A}
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Pyroiysis Gas Chromatography_ (PGC)

All samples were pyrolyzed under identical conditions and the fragmeqta vere analyzcd

.. . by gas chromatog;aphy. The chromatograms of the submitted samples were compared with

the prlmary and qecondary brake linings.

The original brake linings showed identical chromatograms. Theé only identifiable
organic constituent in the pyrograms' was cashew resin. Samples 2 and 6 of Phase I
showed né evidence of cashew resin, The composite of Phase I showed the cashew
resin plus a number of other smaller fragments probably aryl-type components.

;Iﬁ Phase II-bothbéamples showed the large cashew fregment; the composite contained

more than Sample 1. In addition, the composite showed a gignificant amount of one
othe* fragment of much lower molecular weight, not common to Phase I.

Both samplea of Phase III showed elmost identical chzomatogramu consisting mainly

of the large cashew fragnent.

Light Microscopy

! .

" The ma jor constltuent of all samples is a smoky brown to copaque materianl which appears

to be essentially amorphous They occur in flakes and masses ranging in size from
less than one micron to over 200 microns. A trace of carbonate was noted in cach

sample. A trace of duartz was found in Phase I, Sample 1 and composite. Phase II
composite showed a trace of glass fiber. ‘

Electron Microscopny

L

Electran micrographs at a.total magnification of 30,000 X are attached to this report.
"he samples were prépared by a rubbing out technique to break up loose agglomerates.
The micrographs show aggregates made up of very fine material, a few s0lid particles
and traces of chrysotile flber (See Flgures 1 through 7)

The per cent of chrysotile fiber was determined by a modified point counting method

- used. for cetermining amounts of fiber in water samples. The counts from the electron

plates were made by the Packings and Friction Material Department.

. .
The results‘arevas folloys:

Samplae . : Per Cent Chrysotile
Phase ‘I, Sample 2 ! 0.531
- Phase I, Sanple 6 0.065%
' Phase I, composite 0.65
Phase IT, Sample 1 0.087
Phase I[, composite 0.255
Phase III, Sample 1 0.551

- Phase III, composite 0.3%C
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A. C. Smith

Asbestas-environmental Problems
Status Report October-November 1966

. Packings and Friction Materials Division

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

During the period October | through November 30, 1966 the wear dust col lected '
from the special dynamometer enclosure was analyzed in detail. The results '
were unexpected in that asbestos fiber could be detected only by the electron
microscope which indicated a maximum of t.4 per cent by weight fibrous

debris. This is in contrast to about 70 per cent by weight chrysotile fiber

in the original friction materiat.

David Sinclair has accounted for the difference in fiber content by suggest- !
ing that high surface temperatures and severe abrasion convert the asbestos
fiber into an amorphous mineral. He further demonstrates mathematically
that the very high temperatures (2000F) required to break 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. '
This derives from the fact that the true area of coatact in the friction :
couple .is about one per cent of the apparent area.

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

friction materials is unfounded. However, The tests to determine the bio- :
logical effects of such dust, regardless ot its fiber content, are not compliete, |
and we are therefore not in a position to draw final conclusions. ’_~i

2. Pipe Division

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

A development program (Project P=-22) is under way to develop an
"Improved Soft Water Coating for Potable Water Pipe." The present
coating, based on asphalt, has become more and more unacceptablie

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

a ciear coating which will not affect water quality. Polyterpene-
type coatings have looked promising although their UV resistance

now appears to be less than satisfactory. A coating developed within
this program will have to be inexpensive and may fitl 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 Department. Probably This system
will not be operational until the second quarter of |967.

FBUCED
£3-83
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3., Fiber Glass Insulations

Residue from flow of air through fiber glass ducts, etc.(G. J. 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 0-C laboratories under the
supervision of the Kettering Institute. Johns-Manville duct liners and

duct board are part of these tests, which will include a variety of air

flow conditions. Complete data will not be avaiiable until about March !, 1967.

4. Building Products Division

A. Degradation products of asbestos falt built-up roofs (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 materiais. Briefly the environ-
mental chamber will consist of four components: (a) +the mechanical
chamber, (b) the radiation system, (c) the air hand!ing system, and
(d) the liquid handling system. Detailed information will be avail-
able from the Instrument Development Company by December 15.

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

be prepared outside the environmental chamber because of the high
concentration of material thrown from the hot aspha!t and from

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

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

(a) particulate - which will be collected on membrane filters
(b) water-soluble - which will be picked up by the wash water which
must also be put through a membrane filter in
order to coltect solids which are remeoved by washing
{c) . vaporized materials - which will be collected at the low temperature
traps in the air circulating system.

B. Degradation products of asbestos-cement materiais

A program for sampling and testing materials has been drawn up.

The tesT program will include an examination of field-exposed material
which has been in service for many years as well as laboratory exposure
of products. |In the case of field-exposed products, since shingles
are partially exposed and partially covered in use, it is possible for
us to obtain good reference samples and analyze the changes that have
occurred to the exposed surface.

A preliminary examination of some vertically exposed normal~cured products
after long exposure shows the following. : i
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Thickness
: decrease during

Source of Samples Products Exposure Period exposure, inches
JM office building,

Manville, New Jersey Dry process shingies 1918~1964 0.003 to 0©.020
JM plant,

Nashua, New Hampshire Ory process shingles pre-1926-1966 0.001
JM plant, ‘

Nashua, New Hampshire Flat TRANSITE 1921 =-1966 0.006
JM plant, :

Nashua, New Hampshire Corrugated TRANSITE | 924-1966 0.012

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

5. Flooring Division

Wear prodbcfs from flooring materials (J. Q. Trice)
Experimental work has not yet been started in 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
Manville Pipe Piant, 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 chrysotile packed in
paper bags and in jute bags is being analyzed in the same way, and data will
be available soon. '

We are working with a company named Analtech to develop methods of identify-
ing all the trace organic substances present in asbestos.

It may be of Interest to note that in 1965 in the United States approxim-
ately five (5) times as much benz(a)pyrene was released in the form of
cigarette smoke as was contained in all the asbestos used in this country
for all purposes In the same year. Incidentally, more than one-half the
benz(a)pyrene associated with asbestos was contained in the approximately
40,000 tons of imported blue fiber. '

F. L. Pundsack

cc: F. J. Soton = GHQ
K. W. Smith,MD -GHQ
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"A. C. Smith .

ASBESTOS - ENVIRONMENTAL PROBLEMS
STATUS REPORT - JANUARY 24, 1967

1. PACKINGS AND FRICTION MATERIALS DIVISION

A. Study 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. WNo information has
yet been received regarding the dust samples submitted by
Dr. K. W. Smith for blologlcal testing. No additional
sampling of wear dust is planned until lnformatlon on
biological effects is obtained.

2. PIPE DIVISION

A. An Inexpensive Inner Coating for TRANSITE Pipe (Swensen)

A polystyrene coating has been formulated which has shown
more than the required resistance to ultra-violet and which
meets the AWWA requirements for water-pipe coating. Long-
term adhesion has been satisfactory to date (two months
exposure). A Commercial Recommendation w1ll be issued on
or . about February 15.

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

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

»”

3. FIBER GLASS INSULATIONS

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

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
¢ . 10'\«1;‘\:
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cost. Delivery of the chamber is promlsed for 16 weeks
after receipt of order.

Degradation Products of Asbestos-Cement Materials (Trice)

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

Cured products showed a decrease in thickness of 0.001" -
6.020".) -

The program of finding and examlnxng 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 environmental chamber being recommended for
the asbestos-roofing program (Item 4A above)

CORPORATE RESEARCH

A.

Organic Material in Asbestos Fibers (Speil)

Research Memorandum #M411-489 (12/29/66) 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, etc. 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
they.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 Admlnlstratlon Hosp1ta1
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 asbestos. . rﬁml CED

. Js.‘i - 83
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Hamster lung tissue samples submitted by the Health

Service Institute, Fairleigh Dickinson University,

examined by electron microscopy, showed the presence of
. both amosite and chrysotile asbestos.

-t

W \V\

W. M. MacAlpine

B. Burnett, GHQ
J. Solon, GHQ
W. Smith, GHQ
L. Pundsack
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Tiber content by point-count method. {The measurements vere made by J. Lc‘_vln‘.

of Friction Materials and the vork vas supervised by D. Bailsy,) N
The percentage of fibers in a total of 2645 upits counted, ss calculated on”t”

volume basis ts to 1.l per cent. Units counted as fiber ranged from about
200K to about 600X in diameter, and from 600k to abaut 1.3 sicrons in length.

Electron 4iffraction., An electron diffraction pattern of a single fiber in .the
eir-borne sample of brake wear dust wes obtained. This pattern coincides with
electron diffraction patterns which were obtained from single chrysotile fibers.

Discussion

.

The values obtained by the point-count method as outlined indicate that lass than
2 per cent of the air-borne sample examined occurs as small fib rs. These fibers
are of the order of 200X to 683 in dfsmeter and range from 600X to 1.3 microms

in length. HNote also that scmevhat longer fibers occur in brake wear dust that

was not rubbed cut. For example, a fider 3 microns in length 1s shown in Fgure 1,
an electron micrograph of brake vear dust that vam not rubbed out. Pibers of thie

length are of rare occurrence in the samples examined, and are usually attached to
particulate material, s&s in Figure 1,

Samples obtained from the drum and the box vere found to be comparable to the air-
torne sample in general appearance and fiber content.

Cn the dasis of an electron diffraction pattern obtained from a fider in the air-
borne sanple of brake wvear dust exanmined, and found to coincide with an electrom
¢iffractica pattern cbtained from a known chrysotile fiber, it is apparent that
scne or all of the fibers in this sample of brake vear dust still retain the chrysc-
tile structure. Thus, based on the methods used, the smount of chrysotile fiber

that can be recognized as such in this sample does not exceed about 1.4 per cent
cn a volume basis.

Reported by:
D. Balley
Basic Chemistry Research Section

C Do -0WQ - K-k
cc: A. C. Smith (2 -~

r. L. Pundsack -\)'BO‘Q"\ = -
H. P, Remds

Do Sincl“r

S. Speil

G. Reimschussel

D. Balley

Library (2)
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Figure 1. 3rare Lining wear Dust. Material asheil at L2T9C, suspended
in water and 4ariel cn fcrovar substrate. {Not rubbed out.)
Magnificaticn 2J,000X%
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Figure 2. Electroa Mierograph of Brake 1ining Wear Dust (Rubbed out

and shadow-cast). R
oo 30,000X




