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FIG. 3 is a view of the asbestos sheet 'b'o_f"F‘IG".'l biit
being binder saturated. - ) B

- This invention comprises. jmp;d\;ed. .fr'ictidli ‘ \co’mp()s"i;
tions and .products. thereof. embodying ‘effective amounts
of a specific physical and chemical form of minera] perlite,

-Manville Corporation, New York, N.Y., a corporaticn g
. of New Yerk . . .. - o omooTn viz., particles.of an expanded perlite maferial comminuted
S Filed b, 21,1963, Ser, N6 26029017 or ofushed fo 2 relafively fine particle classification and in
B aims. * (CL 117—12 ) o turn of a relatively high bulk density. T
" THis invention rehbtes to friction triéte"rié]é and more t lferllite ..‘compr.isgs '% \%)lcan(sic glaés‘m»ater.ial ha'vij}g a
pé”rticularly to- improved compositions for f;'ic_tion'ma‘- 10 1}’2,%;375 oﬁ;lli;):itglﬁ? OCE a?ur%lilrtla,s'/—jls()%g, %{,‘:Vzgg%tt %ff ;11111(051
terials and elements, .and to novel and enhanced asbestcs ;t}etal oxides, with s_mall'am.ognts of ‘oxides of iron, cal-
Shelet:tsisf(;r' ;aggqr:rt;oxé I;?e élt]eolf.ﬂ?tl}il;f?;t\zuer:t%iﬂtlg sparr(r)l:_.ae : 'gmsntly’ alrjld magx;lesmfm, and in its crude or raw state about
. CL of tn L1 1ae a 5% by weight of entrapped water. Due to. its water
HOV;é ?OmPOfSiftiPﬂ.'C_f ma&elrial having.a highhand uniform . content, perlite, when sul%gcted to relatively high tem-
coefficient of friction and low wear rate without a corre- peratures of about 1600 to 2000° F.’ undergoes a soften-
?pozldmg mcreasec! degree ?f wear on coacting metal sur- ing and rapid expansion or over-all distention forming a
faces such as .bra}\e drums; leltCh plates, pressure plates cellular particle er product of very low density, as for
and flywheels; or automatic transmission drums or steel example down to about 2 1bs./cu. ft.” Suitable means and
spacer plates. . B .. gq details for the expansion of perlite and the characteristics
It llsfa'lstq a primary 3‘13]5“ (f)f thlfi Hfl‘feil_tlonl*to %ro.wde of the material are sét forth in United States Letters Patent
novei iriction compost ions of good irictional an wear No. 2,550,877 and No. 2,625,512.. .In its expanded cellutar
properties which are not aggressively abrasive .butﬁex— ~ form, however, perlite comprises a wholly unsatisfactory
hibit reduced wear with 2 mild, optimum polishing effect component for. friction materials.. In addition to failing
e e o £ e s clk o el by e 5t Loy comibue ot b s ey
L e ) on ] -9 of friction materiais, a signl cant property of expande:

el v gl o st aras St g sl e b
i » an varnis. 2 11~ ture and collapse upon the application of molding or fric-
n:al decomposition or polymerization of cil, rubber, resins, tion contacting pressures whereupon a brake or. transmis-
ete. . : : sion element embodyi iable :amount of ex-
It is also a primary object of this invention to provide 30 pand:d perlite wou¥éngu§§grg?p;ecloss e‘cr)afmdiunrllgn(;ioﬁ};l
novel friction compositions having good frictioral wear stability and the creation therein of voids resulting in a
properties and mild polishing characteristics and which compressible or spongy, low density, and in turn ineffec-

possess a pronounced wicking effect without exhibiting the tive friction product. :
typical corresponding disadvantage or prohibitive attribute .. 1t has been found, nevertheless, that when its expanded
of sponginess or lack of d1rr_1ens10§al stabxlaty wh.ereb_sll the particles are comminuted or the cellular structure thereof
c:om_pom'tlonfs1 qf thlsdmvent_lon take up an retain Ouls tOIi erushed and r'educe‘c_l to rel.atively fine xpar‘tlcl.e’size.s, p’erlite
lubricating fluids and upon meetm% a ITOOpem'ﬂng meta can be combined with or incorporated -within typical fric-
surface, as in ~con,tactm1g 'arfwet clutc or .transmlssixon tion compositions, materials, or products and that it im-
e wie e mea s s g8 SOnPL g s iy, or ot e ary o o
structure sufficient oil to prevent drying or a dry contact. gié;o;;f gerfgrcrlnzncgningﬁﬁirii:ath: an:\?lntglge:nlﬁa;czlé
It is a further object of this invention to provide a new qualities enumerated in the foregoing objects. Effective
friction material and/or novel component therefor which and normally suitable amounts of the commiinuted ex-
o, o mps e fraln e, s ) s i e el sk
) L 1 : 5, mately 5 to %» by weight of the over-all friction com-
:irggott’lll:{esan;in 302?;0 tlﬁr esl:ﬁgnisgfl&n i£alllf rrltzfgll tlfj ?ngfllé:; posétiondwith about 10 to 30% by weight thereof typically

=S, a ‘ Pt preferred. . o )
of a variety of compositions and/or constructions for - Effective comminuted expanded perlite particle sizes for
f_lther brake or transmission, both wet and‘ dry, applica- 5o the practice of this invention average substantially all with-
ions. . L. . . in the range of about 1 to 50 microns, preferably about
II1t is Ecli Stﬂé f?rthequeo?]f:;tgrf' ;glsc :Ilr‘l’;gtsll‘:g “t:aggf‘;lgg 1fto 41‘0 mict;)ons, zrllg ir/x »tur? a re,lativgly higsh ‘bgl(l)( l<li)en/sity
enhanced asbestos shee 1 of at least about s./cu. ft. up to about 15 to s./cu.
millboard for the manufacture of friction elements and ft., and typically about 10 to 12 lbs./cu. ft. Typical and
improved resin saturated friction products thereof which 55 suitable commercial expanded perlite materials for the in-

have uniform and smooth, “alligator” or ripple-free sur-
faces of good dimensional integrity and resistance to com-

vention include those having the following essential char-
acteristics of density and size classification: -

pression, and a highly vesicular structure and high bulk
with good resin saturation capacities. Density, W8./et. T oo ccomemecnioiemnio| 12 12 25
These and other objects of this invention will become 60 -
more apparent from the hereinafter detailed description. Particle size distribution: )
In the drawing: POl wE |
FIG. 1 is a schematic fragmentary cross-sectional view ?gi; ?i-é }4‘-?
of a porous asbestos sheet containing perlite and having 8-6 microns. . 17.4 14.0 14.5
a high capacity for binder saturant; ] 65 & IlOrOnS oo | 2 HE Y
FIG. 2 is a view similar to FIG. 1 but of a multiply 2 mierons - _ 4.5 |- 4.7 14.4

sheet product; and
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The novel concept of this invention, the application
of comminuted expanded perlite, applies to typical fric-
tion compositions, materials or products comprising as-
bestos fiber in one form or another in effective propor-
tions as, for example, broadly of about 10% to 90% by
weight, or more frequently about 20% to 70% by weight,
and typically in many compositions within a range of
about 30% to 60% by weight; and containing an organic
binder exemplified by the relatively heat resistant or
thermosetting resins and/or rubbers or elastomers in
amounts which may range as great as 5% to 60% or
more, but more commonly about 10% or 20% to 50%
by weight, together with one or more filler materials of
assorted compositions and characteristics employed in
friction compositions. These friction products include
elements or components for use either as brake linings,
clutch facings, and transmission bands or discs, both
wet and dry in operation, of a variety of constructions
or structures including woven and felted linings and fac-
ings of impregnated asbestos and/or cotton cloth, semi-
molded woven bodies, molded-type linings and facings in-
cluding dry mix, sheeter formed, and those fabricated
from millboard or paper. )

In addition to the presence of asbestos fiber in woven
or non-woven form, compositions of the foregoing type
of friction products require a binder phase of one type
or another to provide a strong, stable matrix which may
be provided either initially in a pre-mix with the other
components or subsequently impregnated into a prepared
body. ' Binders currently preferred comprise the relative-
ly heat resistant synthetic resins, particularly phenolic
resins, and/or rubbers or elastomers, preferably the more
heat resistant natural or synthetic rubbers such as buta-
diene-styrene copolymers (Buna GR-s), butadieneacrylo-
nitrile copolymer (Buna N), polychloroprenes such as
chlorobutadiene, or any other heat resistant vulcanizable
or curable rubber which will not pass through an inver-
sion or softening point during heat hardening cure, or in
use. As is common, the rubber or elastomer phase may
be fortified or stiffened with resins. Alse, although pos-
sibly not providing optimum conditions in typical current
installations, many of the older and now generally obso-
lete types of binders can be employed in the practice of
this invention, as for example vegetable drying oils, in
particular sulphurized drying oils such as linseed or tung
oil, coal tar resins such as cresol resins, high melting point
asphalts, natural gums, casein or starch products, etc.,
and combinations thereof. However, the thermal con-
ditions obviously encountered in frictional applications
due -to dissipation of energy as heat in braking, and toa
less'but significant degree in clutch of transmission oper-
ations, render it clearly apparent that the particular ma-
terial should cure to provide a substantially thermoset
or non heat softening binder phase. .

In addition to the essential comminuted expanded per-
lite and the basic asbestos fiber and binder phase, the
friction products of this invention further encompass com-
ponents.comprising one or moré of any of the well known
and usual fillers including inert bodies, added to control
or modify the coeflicient of friction, or to otherwise more
suitably adapt the friction material to its intended end use.
Such fillers, including those affording some effect or
simply inert masses, are employed in proportions rang-
ing up to about 80% by weight of the composition and
commonly -in ranges of from about 5% or 10% up to
40, 50 or 60% by weight. Common.friction material
fillers include friction modifying agents, such as litharge,
barytes, clays, zinc oxide, graphite, molybdenum disul-
fide, polymerization or heat treatéd products of cashew
nut shell liquid, carbon black or lamp black, coke, etc.;
metal particles or powder exemplified by lead, copper,
“brass, bronze, iron, etc.; hard refractory materials having
a high coefficient of friction including feldspar, alumi-
num oxide, silicon dioxide, rtile titanium dioxide, iron
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barytes, zircon and the like; organic materials and fibers
such as comminuted wood particles, assorted cellulose
fibers, cotton linters, leather dust, etc.; and a number of
other materials including, for example, mica, magnesium
sulfate, magnesium oxide, sodium borate, calcium sulfate,
barium chromate, red lead, iron oxide, diatomaceous
earth or infusorial earth, rosin, gilsonite, blood albumen,
etc.

While lending or imparting its unique attributes to fric-
tion components of a variety of compositions or con-
structions, comminuted expanded perlite has been found
to be exceptionally adaptable to and useful in friction
products manufactured or fabricated from asbestos sheets
generally referred to as paper and including single-ply
and multi-ply paper products such as miliboard. This
class of friction elements is typically constructed from a
pre-formed sheet of apt thickness formed of a major por-
tion of asbestos which is subsequently impregnated or
saturated with a permanent binder phase consisting of a
thermosetting resin and/or rubber in appropriate amounts
of normally about 40-75% by weight of the base sheet.
The base sheet, of course, must be of a nature as to take
up and retain such relatively high amounts of resin and/
or rubber saturant to provide an extensive strength im-
parting binder phase or matrix throughout the fibrous
mass and result in a hard, dense or compression resistant
and dimensionally stable body in addition to effecting
good friction and wear characteristics. Impregnated as-
bestos base sheet friction products have found application
as brake linings, clutch facings and transmission discs
and bands for both dry and wet or oil immersion opera-
tion common in current automatic transmissions. More-
over, as will be more apparent from the examples, the
qualities imparted through the incorporation of the com-
minuted expanded perlite in resin impregnated asbestos
sheet elements directly contribute to the enhancement of
this class of friction elements in each of the foregoing
applications.

The following comprises specific illustrations or ex-
amples of some preferred and typical means of this in-
vention and demonstrates the pronounced effects thereof.
It is to be understood, however, that the specific materials
and/or amounts thereof given are primarily exemplary
and are not to be construed as limiting the invention to
any particular material, amounts, compositions and/or
data recited hereinafter.

Example I

An asbestos sheet, having the composition:

Percent
Asbestos fiber, 7D grade ____________________ 76
Comminuted expanded perlite! ________________ 20
Lime . _______ T 2
Corn gum (STAYCO, A. E. Staley Mfg. Co.) ______ 2

1 A filter grade perlite having a particle size substantially
between 1-40 microns and a density of 9.5 lbs./cu. ft.

was formed in a conventional manner on a cylinder mold

" paper machine in a thickness of 17-20 mils and width

of 12 inches. The asbestos sheet was impregnated with
an oil modified phenolic resin (DUREZ 17745 resin, 80%
solids with a specific gravity of 0.960 at 75° F., Durez
Plastics and Chemical, Inc.) by saturating 6 x 12 in. di-
mensioned samples, and by continuous saturating from a
roll thereof. :

The 612 in. paper samples, dried to a constant weight,
were dipped in a bath of the oil modified phenolic and
permitted to absorb resin for 3-5 minutes whereupon they
were passed between wiper rollers and air-dried 24 hours.
This was followed by a bake of 2 hours to 200° F., 1
hour to 300° F., ¥ hour to 350° F., and 1 hour at
350° F., providing a dry, flexible product which was
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easily die cut. The amount of resin in the finished prod-

uct was. found -to -be- 45% by. weight. thereof with' the

acetone extractable at 14+£3%. S
Other samples were prepated On a continuous saturator

from a roll of the paper by passing the sheet through the

resin bath diluted from its original . 80% solids con-

[ 8

tént down'to 63%; by weiglit with toltiol to facilitate pene- -

tration. The dip period and in turn timeé for penetration

of the resin into the paper Was from 30 seconds.to 1.

_minute whereupon the paper was then continuously passed

‘between wiper bars and through a. first. tower at 200° F.

and a second tower at 430°. F. at a speed of 1 to 2 feet

Per minute. : The resin content.of the roll paper was found

to be 40% : by:weight thereof with an: acetone extrac:
tion thereof of 314+-39%. . Samples of each saturation
“technigue ‘were €ut 0 an appfopfidte annuldr configura-

tion for bonding to steel transmission: discs with a resin

adhesive and tested as follows.

~Plain or ungrooved paper facings bonded to transmis-

sion discs were installed in.a Buick “Dynaflow” transmis- 2

sion which in turn-was coupled to an inertia machine. A
single paper faced disc was used as a brake stopping the
transmission flywheel with a 35.8 slug foot? inertia load
rotating at 300 r.p.m., at a deceleration rate equivalent
to 100 foot pounds of torque. The average coefficient
" of friction was -calculated and plottéd against the stop

number with 1000 stops at 30-second intervals constituting

a complete test. In addition to average friction, this
test gives a-good measure of wear because the work per
stop was held constant.
paper ‘having - grooved -facings. - The data produced by
this test was as-follows:- S

TABLE I.—INERTIA.DYNAMOME.’I‘ER.. OIL BRAXE TEST

_The-test was. repeated with like -

6

Next, a 1957 Lincoln automobile engine and trans-
mission was used to cycle clutches. employing. the paper
of Example I under actual operating conditions. Two
test procedures were used; a moderate service test con-
sisting of a wide open throttle 2—3 upshift every 45 sec-
onds at 200° F. oil temperature and a severe service test
consisting of a wide open throttle 2-3 upshift-every 300
seconds at 275° F. oil temperature. Each test was run
for 4000 cycles.. The results were as follows: = = "

. PABLE TII--ENGINE CYCLING DYNAMOMETER
in’

= 0.0001.

Weai—average - decrease
thickness -
Coefficient of friction

——————— " Good, nodrop-oft. . -

_Final condition friction disc. __ Good, slightly darkened.

Good, slightly polished

Steel disc areas, blue tint.

Finally, the paper of Example I was installed as facings

for the transmission discs in a 1958 Mercury automobile

to evaluate the shift feel characteristics. The car was
driven in such a manner as to effect upshifts at various
speeds, throttle openings, and temperatures. The general
feel of all shifts was very acceptable, being smoother and
softer than with full metallic discs employed in some
transmissions. -

Over-all-conclusions- based-on the foregoing extensive
and detailed evaluation of the paper friction material of
Example I was that the material provided a good and ade-
quate friction level with outstandingly improved wear char-

- acteristics for non-metallic disc facings, and provided sub-

stantially improved or “softer” action as ‘compared to full
metallic discs employed in some transmissions.

“The compression Tesistance or dimensional stability of

a friction element being a critical characteristic, the com-
pression and recovery of the perlite containing asbestos

Ungrooved | Grooved paper of Example I was evaluated on a standard SAE—~

Sample Sample ASTM compressibility and recovery test machine for gas-

40 ket materials. The employed procedure generally agrees

Coegl{?ient of friction: 0.114 0.108 with ASTM-D-1147-56T, ie., the sample was centered
Tow. .. - 0.094 0.094 on the anvil and a 5 pound preload applied and main-

B X e ER oy g:(l)gfg 3:58?1 tained 15 seconds with the preload thickness (P) being
Final condition: o o recorded. The major load was then applied in a slow
Friction fise- I - @ o 45 uniform manner so that the total load was attained within

1 Good,.smooth. X . ’
2 Very light discoloration spots, very light lines.
2 Very light lines, discolored quts. :

The wear properties of these samples, as measured in
average decrease in thickness, is significantly outstanding
as is apparent when compared to comparable papers
lacking the comminuted expanded perlite which, when
tested in an identical manner, exhibited an average de-
crease in thickness of 0.0092 with ungrooved facings and
0.0180 with grooved facings.

A SAE dynamometer (Kelly machine) test to measure
the coefficient of friction of the paper discs of Example 1
under closely controlled conditions of pressure, tempera-
ture, velocity, and mating steel plates finish, was carried
out under the following conditions. The test was run
at 200° F. oil temperature and 121 p.s.i. net lining pres-
sure. A break-in for 100 minutes at 1000 r.p.m. was run
prior to developing the following data for friction vs.
r.p.m. from 1000 down to O r.p.m. The results were as
follows:

TABLE IL—SAE DYNAMOMETER (KELLY MACHINE)

Revolutions per minute: Coefficient of friction

50

55

60

65

70

10 seconds. This total load was maintained for a period
of 60 seconds at the end of which time the thickness
(C) of the sample was again recorded. The major load
was -then immediately removed and after a pericd of
60 seconds the thickness .of the original preload (R) was
then recorded. Compressibility in percent was calcu-
lated as

P—Cy100

and recovery in percent was calculated as

R-—-C
73-———C><100

where P equals thickness under 5 pound preload in inches,
M equals thickness under total load in inches, and R
equals recovered thickness in inches. It was found that
the paper of Example I, after bonding at 300 p.s.i., would

1000 — e = 0.172 compress approximately 0.0002 to 0.0003 inch under
500 o S 0.172 expected transmission pressures (200-400 ps.i). The
15 e —m 0.180 75 results were as follows:

Friction material (US Patent 3,307,969, 1967)
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TABLE IV.—~COMPRESSION DATA

Preload Compressed Percent Peércent
Gage Applied Thickness, Thickness, Compressi- Recovered Recoverahility
Pressure Pressure, Inches Inches P—C - bility Thickness R-C R—C
p-sd. (P) (©) ECXIOO (R) g K100
. 0003 1.6 0183 ..0001 33
. 0002 1.1 . 0173 .-0001 50
. 00015 0.9 0174 00005 33
. 00015 0.8 0185 00005 20
L0002 o |l 00007 37.5
. 0002 1.06 01865 00005 25
. 0002 1.1 0183 . 0001 50
. 0003 1.6 0186 . . 0001 33
. 00025 1.4 0178 . 0001 40
. 00025 1.3 01925 . 0001 28
L00024 || 00009 35.5
. 00025 1.35 01835 . 0001 40
. 00025 1.4 0181 . 0001 40
. 00035 1.8 0196 00015 43
. 00035 1.9 01845 00015 43
L00080 { oo o . 000125 41.6
. 00065 3.5 0181 . 00025 42
. 00060 3.3 01855 . 00030 50
. 00070 3.8 01855 . 00040 57
. 00065 3.5 01850 . 00035 54
. 00070 3.6 01975 . 00040 52
000686 | e . . 00034 51.6

The samples of the resin impregnated, comminuted
expanded perlite containing asbestos papers of Example
I were submitted to an independent automobile manu-

Example 111

Asbestos papers of the compdsitions given in Table
VII were prepared and found to form satisfactory prod-
ucts. Of these, selected materials were subjected to ex-
tensive evaluation as set forth hereinafter .

TABLE VII

Ingredients

Percent

Sulfite pulp

Krait waste pulf)

facturer for evaluation, and the reported comparative
results were as follows:

TABLE V
Coeflicient of Friction
Composition
Static Dynamic
Full metallicdise....________________ 0.1120 0.0740
Cellulose paper disc 0.1427 0.1481
Disc of Example Iooven oo . 0.1606 0.1020

Example Il

The relative frictional properties of several asbestos
papers of like composition both with and without the
comminuted expanded perlite additament were determined
by preparing hand-sheets of papers of the following for-
mulations in percent by weight, and upon saturating with
phenolic resin ascertaining their respective coefficients of

60

Samples of the foregoing paper compositions were sat-
urated by submerging in a 58% solids oil modified phe-
nolic-resin solution and passed through a drying tower
at the rate of 5 feet per minute. The first zone of the
tower was set at 335° F., the second at 440° F., and the
third at 520° ¥. The finished paper was dark brown and
very uniform in appearance, and the resin was advanced
into a “B” stage but not fully cured. ‘The paper was then
cut into appropriate 30 inch lengths and baked in an air-
circulating oven for 2 hours to 350° F., and 2 hours at
350° F. Sheeis of paper F and G were brush coated
with two coats. of 50% methyl ethyl ketone and 50%
Cycleweld H2P cenmient (an ‘acrylonitrile and phenolic
resin product of Cycleweld Division of Chrysler Motor
Corp.) solution by volume. - After drying overnight the
sheets were cut into facings 5.25 inches O.D.%3.98 inches
I.D. and bonded to steel transmission plates. When tested,
the paper of Formula F gave an average friction level of

friction. The resin content and friction data of these 0.095 to 0.0100, while the Formula G paper exhibited
papers are set forth in Table VI following. an average friction level of 0.085-0.090. Both materials
TABLE VI
Constituents A B C D E F G Bt

Asbestos 7D, percent. ___________________________
‘Asbestos 7D, clean, percent
Asbestos 6D, clean, percoent
Asbestos 4T, clean, percent.
Starch, percent
Lime, percent_.______
Perlite, percent.
Percent pickup of phenolic resin, oven dry

weight.

Friction material (US Patent 3,307,969, 1967)
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exhibited wear values in the range of 0.001 to 0.003 inch
for the 1000 cycle test.

10
ly between 1-40 microns .and 12 p.c.f. density) in ac-
cordance with this invention: . ,

Papgrs of Fprmulas F gm_c‘! G were furgher evalu_ated to Example VI

determine their compressibility under various loadings, to

determine the maximum operating pressures these ma- 5 - : Percent by wt.
terials could withstand, Pressures of 300, 600,.1000,  ‘Asbestos fiber - —ooooooooomommmoo oo 50
2000, 4000, and 6000 p.s.i. were used and the test pro- Perlite ———o—————- S S S :25
cedure as in Example 1 followed ASTM-D-1147-56T. Rubber (crude) —--ocem—oie——o it 6
The paper of Formula F of nominal 30 mil thickness com- _S1._11fur o e B S L e L2
pressed approximately 0.6024 inch during ‘the -bonding 15 L}tharge. ———————— e : . 2
ycle, whereupon it compressed-an additional 0.001 inch Zinc -oxide -.o--- ' 03
per 1000 p.s.i. up to the 6000 p.s.i. maximum employed.  :Carbon:black -3
This material also had- approximately--4 -40% - recovery Barinm- sulphate 9

within 60 seconds, for a net compression of 0.004 inch

at 6000 p.si. The paper of Formula G with a nominal 15 100
15 mils thic_kness compressed app_roximat?ly 0.001 inch Example VII :
during bonding. Subsequently this material compressed . . . . . .

0.0008 inch at 1000 p.s.i. loading and followed linearly Heat polymerized vegetable (linseed) dryingoil .- = 9
up to 0.0024 -inch compression at 6000 p.s.i., and had 0il modified phenol formaldehyde resin .. ——o-—- -9

an approximately 40% recovery within 60 seconds for a

When compared with transmission bands of similar
conventional compositions but without the comminuted
expanded perlite the following values were obtained:

TABLE VIII

20

G0

Tead fOImMate - o oo i .8

net compression at 0.0014 inch of 6000 p.s.i. Potassium - dichromate ————-——-—-—- 1
P : Hard rubber friction particles 6
Example IV Sulf‘:lr."_“__"“f‘-__-._"" ————————— - : 2
Perlite 15
A multi-ply asbestos shest produce or millboard con- g5 ASbeStOS oo 50
sisting of 78% 7D asbestos fiber, 20% comminuted ex- ‘ —
panded perlite, and 2% starch. was formed in a multi- . 100
cylinder paper making. machine in a thickness-of 0.311 . . .
inch an ddensity of 47.5 Ibs. cu. ft. This product ex- S A Example VIIT oL
hibited -a Tesin pick-up of 39% by weight thereof. ‘When .59 _Short -asbestos fiber .- e 45
cured, the resin saturated millboard provided an unusunally _»Baryte_'s B e L e e e .10
-hard ‘brake lining element which was found to.surpass Graphite L e e i o 73
- convéntionial- resin impregnated asbestos miltboard brake Glls_‘omte _ : v cmiener 3
lining in both frictional and wear properties. Perlite - o el S
T - . : 35 Phenol formaldehyde resin —————___ e 24
Example V : —_—
. 100
_A_ rr}»oldable friction.co_mposuio'n ﬁormulated fpr wet Example 1X
or oil immersed transmission applications embodying the ‘
comminuted expanded perlite of this invention was pre- 40 Asbestos lber oo 20
pared from the following: Phenolic resin binder oo 15
Perlite e 25
COpper pPOWAET o oo 40
Ingredients Percent Batch -
Dry Weight 100
45
Polymerized cashew nut shell liquid (60% 1.9 | 111bs. Example X
Ngc{»}af}ra)é 6 Ths. § oz Short asbestos fiber o 55
Butadiene-acrylonitrile copolymer...._-..- 1.9 | 61bs. 8 0z. Thermosetting TeSin e e 17
Aleohol._.- — 36 1bs. B ¢ - -
Phenol formaldehyde resin. .o aoee—emo- 20.1 | €9 Ibs. 50 DaIVES oo -5
Sl i 92| 918 208 Hard rubber dust oo 5
0! ACK e . . . . e
Friction particle (polymerized cashew nut 6.7 | 28 1bs: BlaCk.lron oxide (Fe304) v oo 2
o ghogrli%ui((ilerresin). 20.3 | 104 s Aluminum Stearate - oo oo oo 1
Wi - . . .
RS e, grade TRl T 20°1 | 100 Wws! Perlite e e e 15
Comminuted expanded perlite (15 lbs./ 9.1} 31 1bs. 4 02. .
cn. ft. density). 55 100

As is apparent from the foregoing description, the fric-
tion compositions or materials of this invention which due
to the inclusion of effective means of comminuted ex-
panded perlite possess a mumber of unique and signifi-
cantly advantageous properties including low wear,
higher temperature resistance, wicking and polishing ef-
fects, and high coefficients of friction, among others, are

Composi- p.articularly useful and effective in automatic transmis-
Torque (Frictional) | _tion of Conventional Compositions ¢5 sions with today’s high torque engines with their stringent
Exa\Ifnple space limitations, and in the more compact braking sys-

tems of heavier automobiles of the current trend.
540 520 520 65 .It will be understoed ;hat thg, foregoing details are
475 450 435 475 given for the purpose of illustration and not restriction,
505 495 480 490 £ and that this invention includes all modifications and
equivalents which fall within the scope of the appended

claims, -
Further exemplary formulations illustrating a few of I claim:

4 various types of friction materials or compositions com-
prising comminuted expanded perlite (sized substantial-

1. Friction material composed of a hard, dense com-
position comprising asbestos fiber and organic binder,

Friction material (US Patent 3,307,969, 1967)
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having distributed therethrough at least approximately 5%
by weight thereof of comminuted expanded perlite sized
substantially between about 1-50 microns and of a bulk
density of about 4-30 1bs./cu. ft.

2. Friction material composed of a hard, dense com-
position comprising asbestos fiber and organic binder,
having distributed therethrough approximately 5-40% by
weight thereof of comminuted expanded perlite sized
substantially between about 1-50 microns and of a bulk
density of about 4-15 Ibs./cu. ft.

3. Friction material composed of a hard, dense com-
position comprising approximately 10-90% by weight of
asbestos fiber and approximately 5-60% by weight of
organic binder, having distributed therethrough approxi-
mately 5-40% by weight of comminuted expanded :perlite
sized substantially between about 1-50 microns and of a
bulk density of about 4-30 Ibs./cu. ft.

4. Friction material composed of a hard, dense com-
position comprising approximately 10-90% by weight of
asbestos fiber and approximately 5-60% by weight of
organic binder, having distributed therethrough approxi-
mately 5-40% by weight of comminuted expanded perlite
sized substantially between about 1-40 microns and of a
bulk density of about 4-15 Ibs./cu. ft.

5. Friction material composed of a hard, dense com-
position comprising approximately 10-90% by weight of
asbestos fiber, approximately 5-60% by weight of organic
binder, and filler material in amount up to approximately
80% by weight, having distributed therethrough approxi-
mately 5-40% by weight of comminuted expanded perlite
sized substantially between about 1-50 microns and of a
bulk density of about 4-30 Ibs./cu. ft.

6. Friction material composed of a hard, dense com-
position comprising approximately 10-90% by weight of
asbestos fiber, approximately 5-60% by weight of organic
binder, and approximately 5-80% by weight of filler ma-
terial, having distributed therethrough approximately 5-
40% by weight of comminuted expanded perlite sized sub-
stantially between about 1-40 microns and of a buik
density of about 4—15 1bs./cu. ft.

7. Friction material composed of a hard, dense com-
position comprising approximately 20-70% by weight of
asbestos fiber, approximately 10~50% by weight of organic
binder, and approximately 5-60% by weight of filler ma-
terial, having distributed therethrough approximately 10—
30% by weight of comminuted expanded perlite sized sub-

. stantially between about 1-40 microns and of a bulk
density of about 4-15 1bs./cu. ft.

8. The friction material of claim 7 wherein the organic
binder is selected from the class consisting of thermoset-
ting synthetic resins and thermosetting curable elastomers
and mixtures thereof. .

9. Friction material composed of a hard, dense com-
position comprising approximately 30-60% by weight of
asbestos fiber, approximately 20-50% by weight of ther-
mosetting synthetic resin binder, and 0 to approximately
40% by weight of filler material, having distributed there-
through approximately 10-30% by weight of comminuted
expanded perlite sized approximately 90% by weight be-
tween 1-40 microns and of a bulk density of about 10
1bs./cu. ft.

10. Friction material composed of a hard, dense com-
position comprising approximately 30-60% by weight of
asbestos fiber, approximately 20-50% by weight of or-
ganic binder selected from the group consisting of ther-
mosetting synthetic resins and thermosetting curable elas-
tomers and mixtures thereof, 0 to approximately 20% by
weight of organic friction modifying filler, and powdered
metal filler in amount up to 30% by weight, having dis-
tributed therethrough approximately 10-30% by weight
of comminuted expanded perlite sized approximately 96%
by weight between 1-40 microns and of a bulk density of
about 4-15 Ibs./cu. ft.

11. Friction material comprised of a hard, dense body

Friction material (US Patent 3,307,969, 1967)
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of resin saturated asbestos sheet, the asbestos sheet com-
prising asbestos fiber having distributed therethrough at
least approximately 5% by weight thereof of comminuted
expanded perlite sized substantially between about 1-50
microns and of a bulk density of about 4-30 Ibs./cu. ft.

12. Friction material comprised of a hard, dense body
of resin saturated asbestos sheet, the asbestos sheet com-
prising asbestos fiber having distributed therethrough at
least approximately 5-40% by weight thereof of com-
minuted expanded perlite sized substantially between
about 1-50 microns and of a bulk density of about 4-5
Ibs./cu. ft.

13. Friction material comprised of a hard, dense body
of resin saturated asbestos sheet, the asbestos sheet com-
prising approximately 20-90% by weight of asbestos fiber
having distributed therethrough approximately 5-40% by
weight of comminuted expanded perlite sized substantially
between about 1-50 microns and of a bulk density of
about 4-30 Ibs./cu. ft., and containing resin impregnated
throughout in amount of approximately 5-75% by weight.

14. Friction material comprised of a hard, dense body
of resin saturated asbestos sheet, the asbestos sheet com-
prising approximately 30-80% by weight of asbestos fiber
having distributed therethrough approximately 10-30%
by weight of comminuted expanded perlite sized substan-
tially between about 1-50 microns and a bulk density of
about 4-15 Ibs./cu. ft., and containing resin impregnated
throughout in amount of approximately 10-60% by
weight.

15. Friction material comprised of a resin saturated
asbestos sheet, the asbestos sheet comprising approximate-
ly 30-60% by weight of asbestos fiber, and cellulose pulp
in amount up to approximately 40% by weight, having
distributed therethrough approximately 5-30% by weight
of comminuted expanded perlite sized substantially be-
tween about 1-50 microns and of a bulk density of about
4-15 lbs./cu. ft., and containing thermosetting resin im-
pregnated throughout in amount of approximately 30~
60% by weight.

16. A porous asbestos sheet having a high capacity for
Tesin saturant comprising approximately 30-90% by
weight of asbestos fiber having distributed therethrough
approximately 5-40% by weight of comminuted expanded
perlite sized substantially between about 1-58° microns

and of a bulk density of about 4-15 Ibs./cu. ft.

17. A porous asbestos sheet having a high capacity for
resin saturant comprising approximately 30-90% by
weight of asbestos fiber, and cellulose pulp in amount up
to approximately 40% by weight, having distributed there-
through approximately 10-30% by weight of comminuted
expanded perlite sized substantially between about 1-40
microns and of a bulk density of about 4-15 Ibs./cu. ft.

18. Friction material comprised of a resin saturated
asbestos sheet, the asbestos sheet being a multi-ply body
comprising approximately 30-90% by weight of asbestos
fiber, and an organic binder in amount up to approxi-
mately 10% by weight, having distributed therethrough
approximately 5-30% by weight of comminuted expand-
ed perlite sized substantially between about 1-50 microns
and of a bulk density of about 4-15 Ibs./cu. ft., and con-
taining thermosetting resin impregnated throughout in
amount of approximately 5-65% by weight.

19. A porous asbestos multi-ply sheet product having a
high capacity for resin saturant comprising approximately
30-90% by weight of asbestos fiber having distributed
therethrough approximately 5-40% by weight of com-
minuted expanded perlite sized substantially between 1-50
microns and of a bulk density of about 4-15 Ibs./cu. ft.

20. A porous asbestos multi-ply sheet product having
a high capacity for resin saturant comprising approxi-
mately 30-90% by weight of asbestos fiber, and starch
binder in amount up to approximately 10% by weight,
having distributed therethrough approximately 10-30%
by weight of comminuted expanded perlite sized substan-
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UNITED STATES PATENT OFFICE
CERTIFICATE OF CORRECTION

Patent No. 3,307,969 March 7, 1967

Robert G. Quinn

error appears in the above numbered pat-

It is hereby certified that
t the said Letters Patent should read as

ent requiring correction and tha
corrected below.

for "300" read -- 30 --; column 12,

Column 6, line 7,
column 9, line 29, for

line 11, for "4-5" read -- 4-15 --;
tan ddensity" read -- and density --; column 9, line 74, for
g read -- the --.

Signed and sealed this 7th day of November 1967.

(SEAL)
Attest:
EDWARD J. BRENNER

Edward M. Fletcher, Jr.
Commissioner of Patents

Attesting Officer
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