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' This invention relates to improvements in frie-
tion ‘material suitable for -brake blocks, brake
lining, clutch facings and the like and to.a novel
‘method of manufacture, and barticularly asbestos
‘base friction materig] whose primary binder con-
stitient is & metallic oxidation product formed
in situ the brecomposited and shaped material.
It ‘has long ‘been known that organic binders
infriction elements have several pronounced dis-
advantages, notable ones: being the lowering : of
‘coefficient of friction in an almost direct propor-
tion to the amount of binder used, the disinte-
‘gration of the binder in‘severe applications,; er-
‘ratic friction due to complete or partial break-
down ‘of the binder and the Ssmoothness of en-
‘gagement -dependable to- & large degree on the
temperature of the facing at the time of the en-
‘gagement. ‘ : Co

"Other types .of friction materials are known to
the ‘art in which no organic ‘binder is utilized,
Such friction materials are essentially metallic in
icharacter, ' They are -derived by compressing
‘Powdered -metals followed iby. g, sintering -in: an
inert atmosphere to yield an actual metallic bond
-between the granules; This type of friction ma-
terial is expensive and has an undesirably high
specific:grayity.  The coeflicient of friction is not
high -and the use of such elements is thus re-
stricted to certain fields, -

: This-invention has as its, distinctive feature a
primary binder or structure forming , material
that is; inorganic in nature, is resistant to heat,
withstands severe applications in a brake or
clutch-and has g desirable coefficient of .fric-
tion. ..The Primary constituents have a lower
average specific gravity than that of friction ele-
ments of essentially metallic character, and after
oxidation the ultimate specific gravity is -appre-
clably less, =

I have found that
esse) S+ an(
asbestos, both in relatively large proportions by
weight, ‘when preformed to a desired shdpe of
friction material and thereafter treated to pro-
ote Teactions of an oxidizing nature, there re-
sults ‘&’ product of unique. frictional and strue-
tural characteristics, firmly bonded and ‘inter-
locked, of great strength; and ' great heat resist-
arce and is practically indestructible from a heat
standpoint if'no organic binder'is bresent.” How-
‘ever, ‘the friction body produced in accordance
‘vflith‘this‘invention will ‘tolerate the addition of
‘auxiliary organic binders as high as 50%. of the
-amounts normally used ‘without - their usual

‘harmful ‘effect.

a .composition comprising
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It is of prime importance, however, that the
major proportions of the oxidation: Pbroducts . of
the incorporated metallic particles be formed ‘in
situ the ‘Preformed shape,-and my -invention :is
thus further distinguished from friction elements
which have incorporated in their body metals in
-‘Powdered or comminuted form and which remain
or are caused to remain in substantially -such
metallic state in the finished element; or from

such solely as a friction modificant,

In carrying out my invention I prefer for rea-
Sons of economy and facility to use as the initial
metallic compounding constituent iron particles

in the form of bowder, either purified or impure,
although other metals Such as aluminum, lead,

zine, nickel, or any other suitable metal capable .

of -being oxidized in situ of -a shaped material or
under ‘Substantially ‘the conditions. hereinafter
specified may be used, The composition is also
capable of being modified with minor amounts of
auxiliary binder, either organic’or inorganic, and
appreciable quantities of friction agents-to vary
the characteristics of the product for specific uses
or installations,

In carrying out the brocess of my invention,
Where 'use is ‘made of iron barticles ‘as the com=
bounded metal, it is only essential that the shaped
element be treated with sufficient air and water
for a sufficient period ‘of time to substantially
convert the iron to its oxidation prodiicts or rust.
However, in order to bromote and accelerate ‘the
.conversion reaction the shaped materia] is either
initially or secondarily treated with chémical. re-
agents such as electrolytes or oxidizing agents in
water and in the presence of an -oxygen source
such .as air, and I ay initially incorporate into
the mix ingredients which aid in promoting the
subsequent oxidization treatment.

The pre-forming of the friction.materia] pre-

] bermitted or caused-to act
‘Upon substantially all of the »"incorpora,tedfmetal-
lic particles for bringing about the oxidation re-
actions to & 'substantially uniform ‘degree.
One example, by way of lustration and not
limitation of materials Initially compounded ang
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shaped for making 2 friction element under this
invention may be as follows:

) Parts by weight
Powdered IroN_—Loo-iimm——mmsmmsmmmmmTmTTTT 40
ASDESEOS —m e mmm e m == R, 50
Graphite. - —c—cmimmtSmtmmm o e =TT T 5
SULUL i Cmmmm i s e it 5

These materials are mixed in the dry state in a
mixed of the change-can type, in & Werner and
Phleiderer type, & tumbling barrel or any type
of mixer common to the. art. Mixing is con-
tinued in a dry state for a sufficiently long time

to allow a more or less uniform distribution of

all constituents.
For wet sheet casting or wet molding sufficient

(13

liquid, usually water, to-provide a solids of -ap-:

proximately 409 by weight js now added and
mixing is continued until a tniform slurry has
been obtained. The slurry is then removed from
the mixer and placed into a form corresponding
in approximate size and shape to the dimension
of “the - finished brake oI clutch member, : The

form is placed in a press and sufficient pressure

applied: to express the greater portion of the
fluid phase. - Felts above and below the stock
in the form aid.in the extraction of the liquid
medium. . The formed articles are placed on
screens and allowed a 24 to 48 hour air-dry .and

. aging period..

During this peri,od'vand in fact sooﬁ after the
molding period an exothermic reaction spontane-
“ously . takes place on the surface and within the

20

25

friction element and it ‘acquires a marked in-

crease in strength. - The reaction that - takes
place is essentially an oxidation of the iron par-
“ticles yielding as an end product a substance or
substances that 1 believe equivalent or similar
to iron rust.- This oxidation continues for.a pe-
riod and gradually diminishes as the heat of the
reaction distills off the bulk of the water and the
particles approachan oxidized state. :

After completion of the aging period, the dry
or near-dry articles are placed into an oven for
5 heat treatment to remove remaining liquid
The purpose
of this treatment is to prepare the article for a

‘saturation with a water solution of - electrolytes

or oxidizing agents to promote a further oxida-
tion of free iron particles. Examples of elec-
trolytes that may be tused are sodium of ammoni-
um chloride, sodium or ammonium sulfate, sodi-
um of ammonium nitrate. The concentration
of the substance or substances is variable but
may be, for illustration, taken as 5%:.
‘above are given only as examples and I do not
limit myself to their use, alone or in admixture,
or to a specific concentration -and ‘other corro-

. sion~or oxidation producing matérials such as

acids and acid salts may be used to promote ‘de~-
velopment of the binder. - . e
. Having dried the articles-as outlined they are

- now placed into the solution and-saturated for a

period sufficiently long to ‘thoroughly: wet the in-
terior ‘of the article. This point may- be deter-
mined by an. examination of  the: interior of -a
proken  test piece. ‘The members are now re-
‘moved from the saturant and placed.on.an arbor
or .screens to provide -maximum possible air-
space.

an autoclave and compressed air fed to auto-
clave  until. a ‘pressure of - approximately ~ten
pounds.is reached. Live steam is then permitted
to .enter the autoclave until a pressure of ap-

‘proximately' eighty pounds. is. reached. . The
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stock is allowed %o remain in this atmosphere
for o period usuaily three hours. When the
sutoclave is opened the stock will be found to
exhibit a marked change in color due to the
formation of the various hydrated oxides of iron
and the stock will have acquired a further in-
crease in strength. After this second reaction
period there is little or no further reaction on
subsequent wettings or heat treatment although
T do not claim that a further reaction is not
possible.

Having carried the oxidation of the iron par-
ticles to a point of apparent completion the stock
is now treated to an open cure to remove free
water and to promote a combination of free iron,
if present, with sulfur. Thus the jnitially com- -
pounded sulphur in addition to acting as an oxi-
dation or reaction promoter, is utilized as an
agent for converting residual unoxidized iron to
2 more stable form and to thereby fix the char-
acteristics of the final friction element. An ex-
ample of one cure that may be given is as fol-
lows: Into oven at room temperature, rise to-400
degrees F. at-a rate of 100 degrees per hour, ten
hours at 400 F. A machining to proper shape
and dimension completes-the process for produc~
ing the final friction element. - e
~ Although I have stated that the process is one
of oxidation and that ultimately - the powdered
iron is converted to the oxides or hydrated ox-
ides of iron such as iron rust, several:complex
reactions take place which are jmpossible to de-
fine quantitatively with any degree. of certainty,
and particularly when use is made of sulphur as
one of the compounding ingredients, but it is
known that at intermediate-stages of. the reac- .
tion there is formed ab least sulphurous acid,
iron sulfite and iron chloride when. the electro-
lyte is.a chloride, and thus with other electro~
1ytes and promoters; corresponding intermediate
reactions and compounds may be formed. .-

As an alternate method of dry molding with.
the aid and use of an auxiliary binder, the com-
pound as outlined above (without liquid phase)
can be dry mixed with ‘a percentage of a pow-
dered heat setting resin or similar substance.
This" compound ‘may now be formed in a: dry

.state in a mold under mild heat and pressure-to

obtain a preliminary unitary structure, ~'The
iron particles are then oxidized substantially as
previously seb forth.. By this method fewer pre-
cautions are necessary in order to prevent loss of
potential structure and ‘bonding formation -due
to oxidation of the iron particles previous-to the
shaping. operation. The- effect of -the auxiliary
binder is apparent in the finished article from a
strength and friction modifying ‘standpoint.” It
should be understood that the use of an aux-
iliary binder is not limited to thermo setting sulb=

stances such as molding resins but is intended to

‘include organic or inorganic substances having

molding or saturating"cha.rac'teri_sticsrwell‘ known

in the friction material art.:
65

Friction elemernits made according to the teach-
ing above have a basic or characteristic ‘high
friction. High friction is commonly associated
with high wear but the high friction of an ele-
ment prepared “under this invention is hot ‘a
function of the wear rate. For many uses it is

“desiraple to add two to three times more graphite

than is indicated in the formula cited as an eX-
ample in order to reduce it.  Priction ‘composi-’

tions have beern developed showing a range.of

coefficient from 0.15 to 0.60. The formula. cited
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;as 'the first. ‘example will yield a
“friction in the higher Tange, ‘
;.. As an example of a compound that will yield
2 coefficient ‘of -friction in the median range the
following is given:

coefficient -qf

Powdered fron ____.._________ "7V 40.0
Asbestos fibre_.__________ TTTTTTTTTTTTTC 40.0
Sulfur_.___.___. o [T 0.8
Graphite __._.__ . . . TS 192

o As-an example of a compound that will vield a
:coeflicient: of -friction in the:lower range the fol-
lowing is given:. - : . ‘

Parts by weight

Powdered tron_______ |~ 0w 35
Asbestos fibre____.__ ... i L L 45
Graphite.______.________TTTTTTTTTTm 10

“:In this latter €xample the mixing ang forming
is:done substantially as previously directed, 'The
‘method of oxidation of the iron particles, how-
‘ever, is bpreferably: carried .on at room tempera-
‘ture. - This may be carried oub by wetting the
“stock with the-electrolytic solution followed by an
aging “period allowing maximum air space ‘and
‘the process repeated for as many times as may
be necessary to oxidise the iron or the stock may
be placed into an autoclave on:an arbor -or
-Sereens and straight air bressure :applied for a
time sufficient to react the bulk of the iron. The
sto€k: is then placed into cure and. the heat
‘treatment is adjusteg to allow an in situy satura-
tion ‘of the stock with the melted- gilsonite after
which it is clired to insolubility.

-Although I'make no claim as-to the exact com-
‘position :of  the oxidized: mass I do.know that
‘when the reaction takes place within the molded
-article it is accompanied by an interlocking ac-
tion and unification of the stock into a body hav-
1ihg: relatively high strength. If water is used ‘as
‘the total liquid phase broper steps of a physical
or.chemical nature can be taken to minimize gxi-
dation of the ircn particles previous to the pre-
form ‘operation. . For example, the water can be
treated to remove impurities and dissolved gases,
the mixing can be carried out under vacuum or
inert atmosphere or the fibre can be pretreated or
selected for specific Properties.

I claim as my invention:

1.. A friction element composed of major pro-
portions by weight of fibrous ashestos and OXi~
dation products of iron in: binding relationship
therewith.

2.- A friction element composed: of major ‘pro-
portions. by weight of fibrous asbestos and the
corrosion products of iron ag the essential binder
thereof.

3. A friction element composed- of major pro-
portions by weight of asbestos and iron in’ the
form- of - its oxidation products formed in sity
and comprising the essentia] binder thereof;
© 4.0 A friction element composed of major pro-
portiens by weight of asbestos and. iron in the
form” of its oxidation products formed in sity
and comprising the essential binder thereof, the
said:element having a- coefficient of friction of
from-approximately 0.15 tg 0.60.

5. ‘A friction element composed of major pro-
portionsiby weight of fibrous asbestos and par-
ticles of: iron, the said iron particles being sub-
stantially completely - in the form of oxides
formed in situ and in binding relationship in said
element.

6. A friction element composed of major pro-
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‘portions by weight of
jt’i‘cle‘s‘ of iron, and tinor proportiohs' of ‘sulfur
‘and~an electrolyte, the said iron being -substan-

friction modificant
-inant binder therecs oxidation products of iron.

dron,” and thereafter

3

portions by weight of fibrous ashestos and pow-
dered’iron-and 4 minor broportion of sulphur, the
i Substantially completely in the
form of ‘oxides thereof and in minor proportion
iron sulfite formed in situ, the

said- conversion products of iron comprising the

‘essential binder for said elemeént.

7. A friction element’ composed of ‘major pro-

fibrous asbestos and par-

tially completely in the form' of its oxidation
products ‘formed in situ - g, pre-shaped element
and comprising the essential binder thereof. :

8.'A" friction element comprising asbestos, a
material and as the ‘Ppredom-

9. A friction element comprising essentially as-
bestos ‘ang a bredominant’ binder: consisting - of

the oxidation proc;u'cts of iron, and a secondary

binder. ‘

11: A methoq
ablp for clutch facings, brake linings ahd the like

making friction material suit-
able for cluteh facings, brake linings and ' the like,
which comprises intimately mixing and shaping

iinto the form .of g friction element g composition

comprising - essentially ashestos and particles of
subjecting said shaped ele-
mens to.-the action of air-and water to Substan-
tially - completely - corrode the iron: constituent
thereof.: :

13..A method of making friction materia] suit-

:able for-clutch facings, brake linings and the like,
5 .which! comprises intimately mixing ang shaping

into the form of g friction element g compaosition

the essential bhinder thereof,

16. A method of making g friction element
which. comprises dry mixing g composition com-
prising essentially fibrous asbestos and bowdered
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[iron, adding water to said nﬁxturé, and shaping

in the form of an element, exposing said shaped
element to air-to permit oxidation of said iron
particles to take place, and thereafter subject-

ing the element-to the action of an oxidizing re-
.agent to substantially completely convert the
iron to its oxidation products and to form the es-
‘sential binder of said element. :

17..A method of making - a- frietion element

which comprises dry mixing a composition com-
prising essentially fibrous asbestos and powdered
iron, adding water to said mixture, and shaping
in the form of an element, exposing said shaped
element to. air to permit oxidation-of said iron
particles to take place, impregnating it with an
aqueous solution of an electrolyte, and thereafter
subjecting it to the action of steam and air under

‘pressure to substantially completely convert the

iron to its oxidation products and to form the

_essential binder of said element.

18, A method of making a friction element

“whic¢h comprises dry mixing a composition com-

prising major proportions by weight of fibrous
asbestos and powdered - iron and minor propor-
tions of graphite and sulphur, forming an agueous
slurry of said: mixture, shaping a friction ele-
ment therefrom, permitting the shaped element

while retaining water to be exposed to air to

permit free corrosion cure of the iron particles
to take place, expelling residual moisture there-
from, impregnating it with an aqueous solution
of an electrolyte and subjecting it to the action
of air and steam under pressure to. substantially
completely convert the iron to its oxidation prod-
ucts, and thereaiter heat treating the element to

~combine residual free iron and sulfur.

19. A" method of making a friction element

“which comprises dry mixing a composition com-
. prising major proportions by weight of fibrous

asbestos and powdered iron and a minor propor-
tion of an auxiliary binder having molding char-
acteristics, molding an element._therefrom under
mild heat and pressure, and thereafter treat-

" ing said molded element with an aqueous solution

of an electrolyte in the presence of air to sub-
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-gtantially convert the iron to- its oxides and to

form a predominant binder constituent of said

“element. - :

20. A method of making a friction element
which comprises dry mixing a composition com-

.prising  major proportions by weight of fibrous

asbestos and powdered iron and & minor: pro-
portion of an auxiliary organic binder, shaping
said ‘composition in the form of an element by
molding under mild heat and pressure, and there-
after treating said molded element. with an

“aqueous solution of an electrolyte in the presence

of - air to substantially convert the iron to:its
oxides and to form a predominant binder con-
stituent of said élement.
21, A method of making a friction element
which comprises dry-mixing a composition com-
prising major proportions by weight ‘of fibrous
asbestos and powdered iron and :a minor pro-
portion of a thermo-plastic thermo-setting aux-
iliary binder, molding an element from said com-
position under mild heat and pressure, treating
said molded element with an electrolyte in an .
jonizing solvent in. the presence of an oxygen
source to substantially converf the iron fo its
oxides and to form the predominant binder con-
stituent of sald clement, and thereafter subject-
ing said element fo heat to cure said auxiliary
binder. :
29. A method of making a friction element
which comprises dry-mixing a composition com-
prising major proportions by weight of fibrous
asbestos and powdered iron and minor propor-
tions of graphite, sulphur and a heat curable aux-
iliary binder having molding = eharacteristics,
shaping an element therefrom by molding under
mild heat and pressure, treating said shaped ele-
ment ‘with a water solution of an electrolyte in
the presence of air to substantially convert the
iron to its oxides and to form the major binder
constituent of said element, and thereafter sub-
jecting said element to heat to cure said aux-
iliary binder and to combine residual free iron
with sulphur. :
: RUDOLPH EDWARD STECK.
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