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Patented Nov. 9, 1948 2,453,188 
UNITED STATES PATENT OFFICE 

2,453,188 
METHOD OF MAKING FRCTION ELEMENTs 

AND BOND THEREFOR, 

William A. Blume, Farmington, and Ray E. 
Spokes, Ann Arbor, Mich., assignors to Ameri 
can Brake. Shoe Company, New York, N. Y., a 
corporation of Delaware 
Application June 28, 1943, Serial No. 492,562 

(C1. 106-36) 3 Claims. 
1. 

This invention relates to friction elements such 
aS are employed in the brakes and clutches of 
automotive vehicles, aircraft, machinery and the 
like and to the art of producing the same. 

Friction elements of he character to which 
this invention pertains generally include friction 
material, Such as assestos, either in the form of 
WOWen tape or, fabric, or in a somewhat loose or 
So-called felted form, and a bonding agent, which 
Inay be comprised of one or more vegetable dry 
ing oils, or, the like, and often other ingredients 
for controlling or imparting particular friction 
or other characteristics to the bond or to the 
resulting friction element. 
Among the vegetable drying oils which have 

been employed heretofore as bonding agents in 
friction elements are tung or China-wood oil, lin 
Seed oil, parilla oil, and the like and also China 
WOOd oil inodified phenol-formaldehyde resins. 
Such oils are cosmin only pre-bodied, prior to use 
in or a S. bonding agents in friction elements, to 
impart desired body or viscosity thereto and the 
final bodying and hardening of the bonding oil 
is effected, at least in part, by heat after the fric 
tion Yaterial has been impregnated with the 
bonding oil. Such final bodying and hardening 
of the bond may be effected by heat polymeriza 
tion and oxidation, in situ, or by heat and 
sulphurization, or by a combination of such 
methods, and it is with friction elements employ 
ig bonding agents which are cured primarily by 
sulphurization that the present invention is con 
celed. 

he bodying of Such vegetable drying oils has 
been effected in various ways as, for example, 
pre-bodying by partial hydrogenation of tung or 
China, Wood oil, followed by final bodying by heat 
polymerization and oxidation, in situ, that is, 
after the friction laterial has been impregnated 
with the bonding oil, as in Seigle Patent No. 1395 
44, or pre-bodying of inseed oil by heat-poly 

inerization to form a so-called purely (heat) poly 
nerized oil, followed by final bodying by heat and 
sulphurization after the friction material has 
been impregnated with the purely polymerized 
inseed oil, with or Without other ingredients. 
The present invention is priinarily concerned with 
friction elements of the character in which the 
final bodying and hardening of the bonding oil 
is effected by heat and sulphurization, regardless 
of the method by which the pre-bodying of the 
bonding oil is effected because certain difficulties 
have been encountered heretofore in connection 
With the Sulphurization of Such partially bodied 
vegetable drying oils used in or as bonding agents 
in friction elements. 
The customary method of incorporating Sull 

phur into such pre-bodied vegetable drying oils 
has been by mechanically mixing the Sulphur 
with the pre-bodied bonding oil prior to incor 

2 
porating the thus formed Sulphur-oil mixture 

10. 

5, 

20. 

25. 

40 

45 

55 

O 

With the friction material. However, this method 
has not been Satisfactory for a number of reasons 
and anong which are: (1) It is impossible to 
uniformly impregnate Woven asbestos, that is, 
So-called woven asbestos tape or fabric, which is 
Commonly employed as friction material in mak 
ing friction elements, with a mechanical mixture 
of Sulphur in partially bodied vegetable drying 
(il for the reason that the woven asbestos tape 
or fabric acts as a filter and filters the sulphur 
Out of Such Sulphur-oil mixtures; (2) It is diffi 
Cult to obtain a uniform dispersion of sulphur in 
a partially bodied vegetable drying oil by any 
known method of mechanically mixing the sul 
phur and oil. With the result that it is impossible 
by Such methods to obtain a uniform distribution 
of the Sulphur throughout friction material im 
pregnated with Such a solvent thinned sulphur 
oil mixture; and (3) It is impossible to subject 
WOWen asbestOS tape or fabric, which usually con 
tains about twenty percent (20%) by weight of 
Cotton, to a temperature, and for a period of time, 
sufficient to heat polymerize a vegetable drying 
oil. Such, for example, as China-wood oil, with 
Which Such WOWen asbestos night be impregnated, 
Since the temperature and heating time required 
to heat polymerize the oil would have a delete 
ricus effect upon the asbestos-cotton woven 
fabric. Hence in the practice of the present in 
Vention the vegetable drying oil is heat, polymer 
ized, as far as is practicable, prior to the time 
the Sulphus is dissolved therein and the Sulphur. 
oil mixture is enployed as a bonding agent in 
friction elements, 
A further difficulty incidental to prior art at 

temptS. to impregnate WOWen asbestos tape, or, 
fabric With a mechanically mixed dispersion of 
Sulphur in pre-bodied vegetable drying oil is that 
Since it is impossible to impregnate such mate 
rial With a mechanical bonding mixture of vege 
table drying oil and Sulphur only the external 
surface portions of the woven asbestos fabric are 
impregnated With Such a bonding mixture and 
the internal maSS or body remains unimpregnated. 
so that Such methods have not been successful. 

Hence it Will be seen that the bonding of fric 
tion elements employing woven asbestos or so 
called asbestos tape or fabric as friction nate 
rial has been linited to the use of those bodied 
vegetable drying oils, such as China-wood or tung 
oil, which cure primarily by polymerization, and 
other vegetable drying oils which cure primarily 
by oxidation, aid to the use of other bonding 
agents such as asphaltic pitches and the like, 
which do not require sulphurization to effect the 
final curing or hardening thereof and the final 
hardening or curing of which is effected largely 
by heat polymerization and/or oxidation, in situ. 
It has not, therefore, been possible heretofore to 
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employ with Woven asbestos or so-called WOven 
asbestos fabric or tape those bodied vegetable. 
drying oils, Such as so-called purely polymerized 
linseed oil, that is, heat polymerized inseed oil. 
which is substantially free from oxidized oil, and, 
the final curing or hardening of which is effected 
largely by heat and sulphurization. 

Moreover, the use as bonding agents in friction: 

5 

elements of those vegetable drying oils, such as: - 
China-Wood oil, the final curing or hardening of 
which is effected by heat polymerization and/or 
oxidation, in situ, is accompanied by certain dif 
ficulties and objectionable characteristics which 
are not experienced in the use of those vegetable 
drying oils the final hardening of Which is effected 
largely by sulphurization. Among such difficul 
ties, are: (1) the temperatures and time required. 
to complete. the final hardening or bodying of 
Such oils, are such as to have a deleterious effect. 
not only upon asbestos-cotton Woven fabric but 
also upon the bonding oils, themselves, frequently. 
causing either complete breakdown in the oils 
or undesirable side reactions therein; and (2) by: 
reason of the fact that the tenaperatures, and 
heating times.required to effect the final harden 
ing or cure of Such oils are such as to be imprac 
ticable the final curing and chardening of such 
oils is frequently incomplete and uneven or non 
uniform and this is especially true of those por 
tions or fractions of such oils which have peine 
trated inwardly of the external surface areas of 
friction materials impregnated with such oils. 
In the practice of the present invention it is 

possible to impregnate woven asbestos tape or 
fabric, as well as loosely felted asbestos as, and 
like friction materials unifornly, with the new 
partially, bodied vegetable drying oil-Sulphur 
Solution of this invention, Since the sulphur in 
Such oil is not filtered out of the oil by the woven 
asbestos.fabric, or loosely felted asbestos, due to 
the fact that the sulphur is dissolved in the oil. 
and forms, at the impregnating temperature, a . 
relatively thin free-flowing bonding oil solution: 
which will pass through woven asbestos tape or 
fabric, as well as through loosely felted asbestos, 
and uniformly impregnate such friction mate 
rials. With the new bonding oil-sulphur solution. 
Hence, it is possible to employ as: bonding agents. 
in: friction elements embodying woven asbes 
tos tape or fabric, as well as loose, or so-called 
felted, asbestos, those partially bodied vegetable 
drying. Oils such, for example, as the aforesaid: 
So-called purely polymerized linseed oil, which, 
cure largely by heat and sulphurization and 
which it has not been possible heretofore to em. 
ploy as bonding agents in such friction elements: 
An additional advantage of the present inven 

tion is that since it enables the use as bonding 
agents. With Woven asbestos. fabric, and loosely 
felted asbestos, of those vegetable drying oils the 
final curing or hardening and bodying of which . 
is effected by sulphurization, friction elements 
are thus afforded which are much more flexible. 
than friction elements bonded with those vege 
table drying oils, such as China-Wood oil, the final 
Curing of which is effected largely by heat poly 
nerization and oxidation, in situ. Such bonds 
ing oils afford relatively stiff friction elements 
and by reason thereof it has been customary to: 
employ pitches and other materials with such 
bonding oils in order to obtain the desired flexi 
bility in the resulting friction elements. 

Moreover, another important and advantages 
ous feature of the present invention resides-in the 
fact that since the dissolved sulphur in the new 
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4. - 
bonding, oil-Sulphur solution is initially, in physi 
cal...Solution with the oily.ut not chemically com 
bined thereWith, and combines chemically with 
the unsatisfied bonds of the oil during the final 
bodying or heat. Curing and hardening operation, 
there is...relatively little loss of sulphur by vola 
tilization or formation of volatile sulphur dioxide 
during the final bodying or heat curing and hard 
ening Operationi. 

Accordingly, an object of the present invention 
is to afford new and improved friction elements, 
ean bodying, Woven asbestos fabric or tape, or 
loosely felted asbestos, or similar friction mate 
rial, and having the desirable properties, advan 
tages and characteristics of friction elements 
made according...to; the present invention includ 
ing those specifically pointed out herein and 
others: which are inherent in: the: invention. 
Another object of: the present, invention is sto'. 

afford, a new, and improved methods of making 
friction elements... employing, wovens asbestos: 
fabric: or tape, or loosely, felted, asbestos, orthe; 
like; as:friction, material, together with a bonding: 
age at comprising: a partially bodied vegetable. 
drying. oil containing sulphur dissolved: therein, 
prior: to impregnating the friction material with, 
thes, bonding, agent, thereby affording new and 
ign proved: friction: elements having the; desirable 
properties and characteristics: hereinpointed out: 
and others which are inherent in friction ele 
ments, made: according to the practice of the: 
invention: 
An additional object of the present invention is 

to enable: the uses as bonding agents in friction, 
elements: employing:woven asbestos tape or fabric: 
of those: bodied, vegetable drying oils such.a.s. the: 
aforesaid so-calledipurely polymerized linseed oil 
the final curing or bodying, and hardening of 
which is effected largely by theat and Sulphuriza 
tion and which it has not been possible to employ. 
heretofore as bonding agents. in friction: elements, 
employing Woven asbestos.fabricas: frictionimate, 
rial, 
A further object of the present invention is to. 

5 afforda: new. and improved method of sulphuriz 
ing bodied vegetable: drying oils, including heat 
polymerized vegetable-drying oils, such as:linseed, 
oil, which are to be used in or as bonding agents. 
in:friction elements: 
An additional, object' of the present invention. 

is to afford a friction element having advantages 
OVer, and desirable properties and characteristics: 
not possessed by; comparable prior friction ele-- 
ments: bonded with those vegetable drying oils 
Such as China-Wood oil, the final curing or hardt, 
ening of which is effected. largely by oxidation 
and/or So-called heat. polymerization, in: situ, 
including improved friction and wear charac-. 
teristics; and among which are: greaterfriction 
stability, and greater resistance- to heat, decom 
position in use, greater flexibility, and more-uni 
form cure of the bonding agent, therein, 

Still another object, of the present invention. 
is: to:... afford a new, and improved: methods of: 

- making friction: elements and by: which method: 
there is obtained: substantially uniform: impregal. 
nation. Of the bonding oil-sulphur solution, 
throughout" the sentire mass of friction material 
Such as woven asbestos tape or fabric or so-called. 
felted or loose asbestos, with resulting substantial. 
uniformity of sulphurization: during their finali 
heat Cui'ing- or bodying" and hardening of the 
bond ira. Such fiction elements. 
We have found...that the foregoing and other: 

and related difficulties are overcome-and-improved: 
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friction elements are obtained by heating an in 
timate mixture of finely divided Sulphur in and 
with solvent-thinned bodied vegetable drying oil, 
of suitable body or viscosity, to a temperature 
Sufficient to dissolve the finely divided Sulphur 
physically in the oil but not sufficiently high to 
cause the sulphur to combine chemically with the 
oil which Would cause excessive bodying of the oil 
and Would render it, impossible to impregnate 
woven asbestos fabric with Such a heavily bodied 
oil. . 
We have also found that When friction mate 

rial, such as woven or felted asbestOS, is impreg 
nated. With the thus formed Vegetable drying oil 
sulphur solution Substantially uniform distribu 
tion or impregnation and cure of the Sulphurized 
bonding oil throughout the entire mass or thick 
ness of the friction material is obtained during the 
final heat curing operation, thereby overcoming 
a difficulty commonly experienced heretofore in 
the use of vegetable drying oils, Such as tung or 
China wood oil, which have been used heretofore 
to impregnate woven asbestos tape or fabric and 
which partially or completely oxidize during the 
heat-curing operation. 

In the practice of the present invention, and in 
making the new friction elements, We may employ 
any partially bodied and Sulphurizable vegetable 
drying oil, or a mixture of such oils, which has been 
bodied sufficiently or has a Suitable viscosity to 
enable it to be employed in or as a bonding agent 
in friction elements. Thus, a typical example of 
such an oil is the aforesaid so-called purely (heat) 
polymerized linseed oil, of suitable viscosity, either 
alone or modified with other materials, such, for 
example, as an oil miscible resin of the phenolic 
aldehyde type, an example of which is an oil 
modified "Bakelite' type resin, with Or Without 
other friction-controlling ingredients such, for 
example, as graphite, pitch or the like. 
Thus we may, for example, employ the afore 

said so-called purely (heat) polymerized inseed 
oil, which is also known as purely polymerized but 
not otherwise changed inseed oil, of Suitable vis 
cosity, such an oil being one which has been sub 
jected, concurrently with the heat-polymerizing 
operation, to a secondary or ancillary process for 
removing substantially all of the free fatty acid 
content as formed in the oil during and as a 
result of the heat-polymerizing operation as by 
having carbon dioxide or other inert gas passed 
through the oil during the heat-polymerizing 
operation. 

If desired, however, we may also employ in the 
practice of the present invention a heat-polymer 
ized vegetable drying oil such, for example, as 
linseed oil, of suitable viscosity, in which substan 
tially all of the free fatty acid content formed 
in the oil during and as a result of the heat 
polymerizing operation is retained therein rather 
than being removed therefron, or We may employ 
a mixture of the aforesaid different types of heat 
polymerized vegetable drying oils of suitable 
viscosity. 
Another feature of the present invention is that 

by controlling the amount of Sulphur employed 
in making the new vegetable drying oil-Sulphur 
bonding solution we are enabled to use in pre 
paring said bonding solution a heavily bodied 
sulphurizable vegetable drying oil which has been 
bodied by heat polymerization until it is highly 
viscous and tacky but is substantially free from 
gel formation and is completely soluble in petro 
leum thinner. The use of such a heavily bodied 
oil is particularly advantageous in making fric-, 
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6 
tion elements from woven asbestos fabric coritain 
ing a Substantial proportion of cotton since such 
oils, being initially highly bodied, require a rela 
tively low temperature and a relatively short cur 
ing time to effect the final heat curing or bodying 
and hardening of the Sulphurized bonding oil, 
thereby minimizing the deleterious effect of the 
heat-curing operation upon the cotton content, 
especially of the asbestos fabric, prior to final cure 
of the impregnant and resulting protection 
afforded the fibers by being so coated. 
In the practice of the present invention, we pref 

erably intimately mix finely divided sulphur and 
the Selected bodied Sulphurizable vegetable dry 
ing oil at atmospheric temperature and we then 
heat the mixture thus prepared to a temperature 
Sufficiently high to melt the finely divided sulphur, 
and thus dissolve the sulphur physically in the oil, 
Care being taken to avoid temperatures sufficiently 
high to cause the sulphur to combine chemically 
With the oil which would cause excessive bodying 
of the selected bonding oil and render it impossible 
to impregnate woven asbestos fabric or loosely 
felted asbestos therewith. Thus we have found 
that a temperature which is satisfactory for this 
purpose is a temperature of not substantially less 
than 120° C. and not substantially higher than 
140 C., since within this rather critical range of 
temperatures the Sulphur dissolves physically in 
the heat polymerized and bodied vegetable drying 
oil without combining chemically therewith. 

Friction material such, for example, as woven 
Or felted asbestos, with or without other friction. 
controlling ingredients or materials, is then thor 
oughly inapregnated, in any suitable manner, with 
the thus formed vegetable drying oil-sulphur solu 
tion. In this manner there is obtained substan 
tially uniform impregnation and distribution of 
the bonding oil-sulphur solution throughout the 
entire maSS or thickness of the woven asbestos 
fabric, or loosely felted asbestos, or other fibrous, 
porous Or like friction material, which may be 
used in making the new friction elements. 
Another advantage of such uniform impregna 

tion of the presulphurized bonding oil throughout 
the mass of asbestos is that after the final curing 
Operation the sulphurized and hardened bonding 
oil not only binds the asbestos fibers together but 
affords a new and improved friction element hav 
ing uniform frictional and wear characteristics 
throughout its useful life due, to a large extent, to 
the unifornity of the impregnant or binder both 
in distribution and composition. . 

Another advantage of the new method of mak 
ing friction elements is that it enables the sul 
phurization of the selected sulphurizable vegeta 
ble drying oil employed as the bonding agent to 
be readily controlled since sufficient sulphur may 
be incorporated into the sulphur-oil bonding solu 
tion to assure complete sulphurization of the se 
lected Sulphurizable vegetable drying oil. 

In this manner new and improved friction ele 
ments are obtained having the desirable advan 
tages and characteristics hereinbefore referred 
to. 
A typical example of a suitable formula and 

method which may be followed in making fric 
tion elements in the practice of the present in 
Vention, and employing woven asbestos tape or 
fabric as the loose friction material, is the foll 
lowing: 

Eacample 
433 pounds of the new sulphur-oil bonding so 

lution were prepared by intimately mixing 72.2 
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pounds of finely divided sulphur in 361 pounds of 
the aforesaid purely heat-polymerized linseed oil 
from which substantially all of the free fatty, acid 
content formed in the oil during, and as a result 
of the heat-polymerizing operation WaS removed 
therefron as formed as by...having an inert gaS 
such as carbon dioxide passed through the oil 
during...the heat-polymerizing operation. The 
selected oil had an initial viscosity of approxi 
nately 800 poises, at atmospheric temperature, 
and was highly viscous, and tacky but was Sub 
stantially free of gel formation and was com 
pletely soluble in petroleum thinner. However, in 
the practice of the present invention the selected 
bonding, oil is not dissolved in petroleum thinner 
or other solvent prior to or after mixture. with 
the sulphur and reference herein to the solubility 
of the selected bonding oil in petroleum thinner 
is merely by Way of describing one of the initial 
physical characteristics of such oils, 
The sulphur-oil mixture thus prepared was 

thereupon heated at a. SubStantially constant 
temperature of 135° C., while stirring, until all of 
the sulphur dissolved in the oil. The result was a 
relatively thin and free-flowing solution of Sul 
phur in the bonding oil and which readily pene 
trates Woven asbestOS fabric or tape or like. WOWen. 
friction material. 
The resulting-Sulphur-oil. Solution contained 

16.7 percent of sulphur and 83.3 percent of oil of 
the total of Sulphur and oil, by Weight. 
A strip of woven asbestos tape 34' wide and 

% thick and of a preselected length was heated 
to a temperature of 135° C. and was then in 
mersed for a suitable length of time, namely, 
about six minutes, in the thus prepared and heat 
ed Sulphur-oil solution. While maintaining the 
sulphur-oil solution at a Substantially constant 
temperature of 135° C., while stirring, and pref 
erably pressing the woven asbestOS fabric Once 
or twice, during the immersion operation, to re 
move excess of the Sulphur-oil bonding Solution. 
The thus impregnated Strip of Woven asbestOS 
tape was then removed from the Sulphur-Oil So 
lution and then freed from excess oil and sub 
jected to a pressure of from about 0.7 ton per 
square inch in order to remove, entrapped or 
occluded air, and excess impregnant as well as 
for the purpose of controlling the thickness of 
the resulting friction elements. 
impregnated but uncured Specimen showed a 
weight increase of 16.1 percent due to pene 
tration of the Sulphur-oil bonding solution into 
the woven asbestos fabric. 
The Specimen of impregnated woven asbestOS 

tape was then subjected to gradually increasing 
temperatures to effect the final heat curing or 
hardening and bodying of the Sulphurized bond 
ing oil, namely, three hours at each of the fol 
lowing temperatures: 150° F., 175° F., 200 F., 
2250 F., 2500 F, 275° F, 300° F., and 310° F., it 
being understood, of course, that the tempera 
ture and time required to effect the final body 
ing and hardening or heat curing of the thus 
sulphurized bonding oil will vary with the com 
position of the bond, the particular Sulphurizable 
vegetable drying oil selected, and the initial vis 
cosity thereof, and other variable factors. 
The heating of the friction material before it 

is introduced into the Sulphur-oil solution pre 
vents sulphur from passing out of solution with 
the oil which would occur if the friction material 
were not thus pre-heated prior to its introduction 
into the oil, and it also removes entrapped or 
occluded air and moisture from the friction ma 

The resulting 
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8 
terial, and thus assists in securing: a more: uni 
form: impregnation of the sulphur-oil solution 
throughout the mass or body of friction...material: , 
The vegetable drying: oil-Sulphur bonding solus, 

tion referred to in the foregoing illustrative: ex: 
ample may be modified, if desired, with; an oil. 
miscible phenolic aldehyde: type resin. such; for: 
example, as an oil modified “Bakelite' type resin 

It Will be understood that while in the fore: 
going typical and illustrative: example: we have 
indicated the use of a preliminary pressure treat 
ment of the: impregnated friction material to re 
move occluded or entrapped air and excess of the 
sulphur-bonding oil impregnant, as...well, as for: 
the purpose of controlling the thickness of the re 
Sulting friction elements, this preliminary; pres: 
Sure treatment is...not indispensable.ini or to the 
practice of the present invention, and: may, if: 
desired, be eliminated entirely within the: pur. 
view of the present invention. 
In order to illustrate the improved properties: 

and characteristics of friction: elements made ac-, 
cording to the practice. of the present invention: 
friction tests were run upon specimens of friction 
elements made according to the practice" of the 
present invention, and upon comparable speci 
mens of prior art friction elements: . . . . . . . 

Figs. 1 to 4, inclusive, of the drawing: are: 
graphs;. some of which illustrate the results: of: 
tests made upon Specimens or friction, elements: 
made according to the practice of the present 
invention, and others of which illustrate there 
suits of tests made: upon comparable friction ele. 
nents inade according to prior art practices. . . 
In the graphs shown, in the draWings, the 

abscissae represent the results of friction tests: 
Stated in number of braking applications, each. 
of two minutes duration, and at Various applica 
tion speeds, expressed in terms offeet perminute, 
and the ordinates represent the results of tests; 
expressed in terms of the coefficients of friction 
of the friction elements tested. . . . . 
The tests of which the results are graphically. 

shown in Figs. 1 to 5, inclusive, were conducted. 
on a special testing machine whereinspecimens of: 
friction elements compounded as aforesaid were 
Successively secured in a holder and forced by: 
controlled variable hydraulic" pressure against; 
the surface of a rotating drum embodied in the: 
machine; the speed of the rotating drum being: 
varied to simulate speeds of automotive vehicles: 
upon the brakes of which such friction: elements: 
are used. The friction developed by the specis 
naensis measured as forces by hydraulically oper 
ated, measure apparatus, and the coefficients of 
fiction are calculated therefron: . . . . . . 

It should be noted, in this regard, that.in con 
ducting tests, such as those to which the graphss 
pertain, on a special testing machine, thiere may: 
be variations in readings taken at different times: 
under identical test conditions; attributable as iss 
well understood, to the inherent characteristics: 
of the entailed mechanical devices and other: 
reiated circumstances. Thus, in considering the: 
accompanying graphs, and the following discus 
Sion thereof, it should be remembered that each'. 
of these graphs illustrates the average of re 
peated tests and shows a trend toward a particus 
lar result, rather than. Specific conditions which: 
may be exactly duplicated time after time. 
In order to eliminate variable factors, as fairs 

as possible, all of the bonding, oils, which were 
enaployed as bonding agents in the frietion, ele, 
ments: tested, and the results of which tests are: 
shown, graphically, in Figs. is to 15, inclusive, had. 
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Substantially the same viscosity under similar 
temperature conditions, and all of the bonding 
oils employed had been partially bodied before 
use until they were highly viscous and tacky but 
Substantially free of gel formation while being 
completely soluble in a suitable volatile solvent, 
such as petroleum thinner. 
Thus, Fig. 1 is a group of three graphs which 

show the results of friction tests made upon a 
Specinen of a fiction element made according to 
prior art practice, and employing woven asbestos 
tape of the same character, width and thickness, 
as that employed in making those specimens of 
friction elements which were made according 
to the present invention, and to which reference 
Will be made hereinafter. 

In preparing the specimen, the results of which 
are shown in Fig. 1, raw tung or China-Wood oil 
was employed as the bonding oil, and the woven 
asbestos tape or fabric impregnated with this 
bonding oil showed a Weight increase of 17.5% 
after impregnation due to impregnation by the 
bonding oil. The specimen was subjected to a 
preliminary curing operation at a pressure of 
0.7 ton per square inch and at a temperature 
of 250 F. for a period of twenty minutes, the final 
curing operation being conducted in an open 
oven so as to effect the final curing or bodying 
and hardening of the unsulphurized oil largely 
by oxidation according to prior art practice. 

It will be noted, by reference to the graphs 
shown in Fig. 1. that the Specimen of a friction 
element tested stood up fairly well under the first, 
test at a braking or application. Speed of 1000 
feet per minute, as indicated by graph in Fig. 1, 
feet per minutes, as indicated by graph 1 in Fig. 1, 
and likewise withstood fairly well the second test 
at a braking or application speed of 2000 feet 
per minute, as indicated by graph 2 in Fig. 1. 
This is shown by the relatively uniform coefficient 
of friction throughout the tests, as shown in graphs 
1 and 2 in Fig. 1. It will be noted, however, that 
this specimen disintegrated entirely during the 
third and more severe test involving a braking or 
application speed of 3000 feet per minute, as indi 
cated by graph 3 in Fig. 1, and as shown by the 
practically vertical rise in the coefficient of fric 
tion in the friction element tested. This indi 
cates a substantially complete break-down of the 
friction element resulting, in part, from non-uni 
form impregnation and cure of the bonding mix 
ture throughout the friction material. 

Fig. 2 is a group of three graphs which show 
the results of friction tests made upon a specimen 
of a friction element employing as friction mate 
rial woven asbestos tape of the same character 
and thickness as that employed in making the 
specimen of a friction element the results of tests 
upon which are shown in Fig. 1. In this instance, 
however, the bonding agent employed was raw or 
unpolymerized linseed oil having finely divided 
Sulphur mixed mechanically there with at atmos 
pheric temperatures to provide a mechanical 
mixture or dispersion of sulphur in the oil. The 
preliminary and final curing of the bonding oil 
was carried out under the same conditions of 
temperature, etc., as hereinbefore referred to in 
connection. With the description of the graphs 
shown in Fig. 1 and the specimen of a friction 
element therein referred to. The percentage of 
Sulphur in the mechanical Sulphur-Oil mixture 
was 16.7 percent of the total weight of the sulphur 
oil mixture and the increase in Weight of the fric 
tion material after impregnation was 17.4 percent 
due primarily to the impregnation of the oil itself 
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10 
rather than of the sulphur mechanically mixed 
therein. 

It Will be noted from Fig. 2 that the friction 
element tested withstood fairly well the first test 
at an application or braking speed of 1000 feet 
per minute, as indicated in graph 4, and also 
Withstood quite well the second test at an applic. 
cation Speed of 2000 feet per minute, as shown 
by graph 5 in Fig. 2. It will be noted, however, 
that, like the friction element referred to in Fig.1. 
the Specimen referred to in Fig. 2 disintegrated 
completely at the more severe test involving an 
application Speed of 3000 feet per minute, as 
shown by graph 6 in Fig. 2. This is indicated by 
the Substantially vertical rise of graph 6, and the 
coefficient of friction represented thereby, and 
which is due, in part, to lack of uniform impreg 
nation and cure of the mechanical mixture of 
Sulphur oil employed as the bonding agent. 

Fig. 3 is a group of graphs which show the 
results of tests made upon a specimen of a fric 
tion element employing woven asbestos tape as 
friction material and employing as the bonding 
agent a Solution of Sulphur in the aforesaid so 
called purely polymerized linseed oil, that is to 
Say, heat-polymerized linseed oil from which sub 
Stantially all of the free fatty acid content formed 
in the oil during the heat-polymerizing operation 
Was removed therefrom, as formed, thereby pro 
Viding a partially bodied heat-polymerized linseed 
oil having a relatively low acid number and sub 
stantially free of oxidized oil. 
The Sulphur-oil bonding solution employed was 

made according to the practice of the present in 
Vention and contained i8.7 percent sulphur and 
83.3 percent of oil relative to the total Weight of 
the Sulphur-oil mixture and after impregnation 
the Woven asbestos-cotton fabric showed a weight 
increase of 15.6 percent due to impregnation with 
the Sulphur-oil bonding solution. 
The preliminary and final culings of the in 

pregnated friction material were made under the 
Sane Conditions hereinbefore set forth in con 
nection with the description of the graphs shown 
in Fig. 1 and the specimen of a friction element 
therein referred to. 
As shown in Fig. 3, the specimen of a friction 

element made in accordance with the practice of 
the present invention, and which is therein re 
ferred to, withstood not only the less severe tests 
made at application speeds of 1000 feet per minute 
(graph 7) and 2000 feet per minute (graph 8) 
but also satisfactorily resisted the more severe test 
conducted at an application speed of 3000 feet per 
minute, as shown by the relatively Small vertical 
rise in graph 9 in Fig. 3 and the correspondingly 
relatively small increase in coefficient of friction 
of the friction element tested. Thus, the superior 
characteristics of the new friction elements over 
comparable prior art friction elements may be 
seen by comparing graph 9 in Fig. 3 with graphs 
3 and 6 in Figs. and 2, respectively. 

Fig. 4 is a group of graphs also showing the 
results of tests made upon a specimen of a fric 
tion element, made in accordance With the prac 
tice of the present invention. In this instance the 
sulphur-bonding oil solution employed was the 
same as that employed in naknig the tests the 
results of which are shown in Fig. 3 and the WOven 
asbestos fabric showed the same percentage of 
increase in weight after impregnation. The pre 
liminary and final curings of the bond were con 
ducted under the same conditions as hereinbefore 
referred to in connection with the description of 
the graphs shown in Fig. 1. 
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AS. shown by graph 10 in Fig. 4, the Specimen 
tested withstood not only the less severe tests 
conducted at an application speed of 1000 feet p3r 
minute, and also the Somewhat imore Severe t2sts 
conducted at an application Speed of 2000 feet per : 
minute, as shown by graph 11 in Fig. 4, out, also 
satisfactorily withstood the severe test conducted 
at an application speed of 3080 feet per minute, 
as shown by graph 12 in Fig. 4, and which is cora 
parable to and of the same order as graph 9 in 
Fig. 3. 

Fig. 5 is a group of graphs showing the results 
of tests made upon a third Specimen of a friction 
relement made in accordance with the practice of 
the present invention, and enbodying SubStain 
tially the same composition as the Specimens to 
which the graphs shown in Figs. 3 and 4 relate and 
under the same conditions set forth in connection 
with the description of the graphs shown in Fig. 1 
and the friction element to which said graphs re 
late. In this instance, however, the increase in 
weight of the woven asbestos tape due to impreg 
nation with the Sulphur-oil bonding Solution WaS 
slightly less than the increase in Weight of the 
friction element Specimens to which the graphs 
shown in Figs. 3 and 4 relate, having been ió. 
percent, by Weight. 

it will be seen from the foregoing description, 
and from the graphs shown in the accompanying 
drawings, that the present invention, including 
the 1ew method of making fiction elements, and 
friction elements made in accordance thereWith, 
ihave the desirable characteristics, propertiss and 
advantages, and accomplish their intended cb 
jects, including those which have been pointed 
out hereinbefore and others which are inherent 
in the practive of the present invention. 
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While we have described selected embodiments 
of our invention, and a preferred method of 
practicing the same, it is to be understood, that 
these are capable of variation and in Odificatio:h 
and we, therefore, do not Wish to be limited to 
the precise details set forth but desire to avail 
tourselves of such changes and alterations as falli 
within the purview of the following clairns. 
We cairn: 

... A method of making friction alernants of the 
type which include as initial components thereof 
pre-formed asbestos fiber Web, as friction mater 
Trial, and a bonding agent comprised of Sulpinkir 
and partially bodied sulphurizable pleiy heat 
polymerized linseed oil, that is, heat-polyraerized 
linseed oil which is substantially free of oxidized 
oil, and which has been heat-polymarized prior 
to being mixed with the sulphur until it is highly 
viscous and tacky but is substantially free from 
gel formation and is completely soluble in petro 
leum thinner, which comprises intinately nix 
ing the finely divided sulphur and the partially 
bodied purely heat-polymerized linSeed oil in 
quantities sufficient to provide a bond for the 
pre-formed asbestos fiber web friction material 
and in quantities relative to each other Sufficient 
to effect subsequent substantially complete cure 
of the said partially bodied purely heat-poly 
merized linseed oil by sulphulization, dissolving 
the Sulphur in the partially bodied purely heat 
polymerized linseed oil by maintaining the Said 
Sulphur-oil mixture at a temperature of not sub 
stantially less than 120° C. nor Substantially more 
than 140° C. for a period of time sufficient to 
completely dissolve the sulphur in the said par 
tially: bodied purely heat-polymerized linseed oil 

40 

2 
but insufficient to cause any substantial reaction 
betweein the Sulphur and the said partially bodied 
purely heat-polymerized linseed oil, impregnating 
the said pre-formed aspestos fiber Web friction 
material with the thus formed Sulphur-oil bonding 
solution, and then heating the thus impregnated 
preforniaed asbestos fiber Web friction material at a 
temperature and for a period of time Sufficient to 
completely solidify the bond by sulphurization 
in situ. 

2. Abonding agent for friction elements which 
is comprised of a solution formed by intinately 
mixing finely divided sulphur and partially bodied 
purely heat-polymerized linSeed oil, that is, heat 
polymerized inseed oil which is Substantially free 
of oxidized oil and Which has been heat-poly 
(nerized, prior to being mixed with the Sulphur, 
until it is highly viscous and tacky but is substan 
tially free of gel formation and is completely solu 
able in petroleum thinner, and heating the Sul 
phur-Oil mixture thus formed at a temperature" of 
not substantially iess than 120° C. nor substan 
tially more than 140° C., for a period of time 
sufficient to completely dissolve the Sulphur in 
the oil but insufficient to cause any Substantial 
reaction thereWith. 

3. The method of forming a bonding agent for 
friction elements Which comprises intimately 
mixing finely divided sulphur and partially bodied 
purely heat-polymerized inseed oil, that is, heat 
polymerized linseed oil which is substantially free 
of oxidized oil aid Which has been naat-poly 
nerized, prior to being mixed with the Sulphul, 
intil it is highly Viscous and tacky bit is sub 
stantially free floin gel formation and is con 
pletely soluble in petroleum thinner, in quantities 
sificient relative to each other to provide a bond 
ing agent for fiction elements, and then dis 
solving the Said sulphur in the said partially 
bodied purely heat-polymerized linseed oil by 
maintaining the said sulphur-oil mixture at a 
temperature of not substantially less than 120° C. 
or substantially more than 140° C. for a period of 
time sufficient to conpietely dissolve the Sulphur 
in the said partially bodied purely heat-poly 
Inerized inseed oil out insufficient to cause: any 
substantial reaction between the Sulphur and the 
said partially bodied purely heat-polymerized-lin 
sesd oil. 
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