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This invention relates to self contained, high load ca 
pacity self-lubricating compositions suitable for use over 
a temperature range of —300° F. to 800° F. in air and 
-300° F. to 1500° F. in vacuum. 

Current technology developments have put great em 
phasis on systems having operating capacity at high tem 
peratures and at cryogenic temperatures with some few 
systems having both requirements. The high temperature 
?eld has received much study and emphasis from repeated 
space activities. The expanding temperature ranges of 
operating systems along with con?ned space and desired 
low weight have caused additional problems in normal 
functioning systems. These major problems, along with 
related difficulties, have made it necessary to develop 
compositions which possess self-lubricating properties due 
to their innate dry ?lm lubricating properties. 

Therefore it is an object of this invention to fabricate 
a dependable self~lubricating material. 

It is another object of this invention to provide a ma 
terial which will have self-lubricating properties at cryo 
genic temperatures and at elevated temperatures up to 
800° F. in air and 1500" F. in vacuum. 

It is a still further object of this invention to provide 
a material having lubricating properties in air and in 
vacuum. 

Still further objects and applications of this invention 
will become apparent from the following description and 
appended claims. 
FIGURE 1 represents a bearing which was used to test 

the lubrication properties of our compositions. 
FIGURE 2 represents the parts of the bearing in FIG 

URE 1 when assembled. 
The self-lubricating ?lm on materials has ‘been the 

object of much research with many resulting develop 
ments. Some of these developments include recogniz 
ing the following substances as possessing self-lubricating 
?lms; the sul?des and tellurides of molybdenum and tung 
sten, lead oxide and titanium dioxide. Techniques for 
using these materials include impregnating ‘porous struc 
tures with these materials or fabricating solid materials 
out of these constituents. In addition to these develop 
ments, several organic chemical materials have been used 
to supply a lubrication phenomenon when incorporated 
into the matrix of a material. 
From the above survey of the existing art of self 

lubricating properties of materials, it is easy to see that 
most of the materials lack high temperature stability, 
mechanical strength, forming properties or lose their lu 
bricity at high temperatures or cryogenic temperatures. 
We have developed the following ranges of composi 

tions to overcome these de?ciencies of the prior art. 

COMPOSITION 1 

Constituent: Percentage by weight 
Molybdenum disul?de (M082) _______ __ 70 to 90 
Iron (Fe) _________________________ __ 5 to 27 

Platinum (Pt) _____________________ __ 1to 3 

COMPOSITION 2 

Constituent: Percentage by weight 
Molybdenum disul?de (MoS2) _______ __ 70 to 90 
Iron (Fe) _________________________ __ 10 to 25 

Palladium (Pd) ____________________ __ 2 to 5 
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COMPOSITION 3 

Constituent: Percentage by weight 
Molybdenum disul?de (M082) _______ __ 70 to 90 
Iron (Fe) _________________________ __ 10 to 20 
Molybdenum (Mo) _________________ __ 5to 10 

COMPOSITION 4 

Constituent: Percentage by weight 
Titanium dioxide (TiO2) ____________ __ 45 to 50 
Nickel oxide (NiO) ________________ __ 5 to 20 
Nickel (Ni) _______________________ __ 35 to 45 

COMPOSITION 5 

Constituent: Percentage by weight 
Titanium dioxide (TiOz) ____________ __ 45 to 50 
Nickel oxide (NiO) ________________ __ 5 to 20 
Molybdenum disul?de (M082) ________ __ 5 to 20 
Nickel (Ni) _______________________ __ 15 to 45 

The self-lubricating properties of molybdenum disul?de 
when alone or alloyed with other materials are known. 
The lubricating properties of molybdenum disul?de ex 
hibit a wide temperature range from —300'° to 800° F. in 
air and —300° to 1500° F. in vacuum. The crystals of 
molybdenum disul?de exhibit a plate structure in which 
successive plates of molybdenum atoms are arranged with 
two successive layers of sulfur atoms between each layer 
of molybdenum atoms. The atoms in each layer lie in 
a plane hexagonal array. A large crystal of molybdenum 
disul?de is built up of layers of molybdenum attached 
by strong ionic linkages to adjacent layers of sulfur while 
the adjacent sulfur layers are held together only by weak 
homopolar linkage bonds. Thus the crystal consists of 
laminae having a central molybdenum atom array strong 
ly bound to sulfur atoms on each side. These laminae 
of molybdenum disul?de therefore may 'be easily sepa 
rated by mechanical forces into ?at plates that have a 
?aky appearance and have a greasy feel. 

While the sulfur layers have only a weak attraction for 
each other in forming a complete crystal of molybdenum 
disul?de, the sulfur atoms have a much greater a?inity 
for metals. Therefore, the molybdenum disul?de plates 
will attach themselves under certain conditions quite ?rm 
ly to metals. The sulfur atoms, having weak af?nity for 

' each other, will not be held by as great a force as those 
holding the sulfur to the metal, or even the metal to 
metal adhesive forces. Therefore the sul?de present serves 
as a lubricating mechanism. 

It is scienti?cally known fact that molybdenum, when 
in a compound, exhibits very stable tendencies at high 
and low temperatures. Molybdenum disul?de is no ex 
ception to this scienti?c principle of stability of molyb 
denum compounds with the additional advantage of the 
lubricity of the sul?de layers of the compound. How 
ever, the molybdenum disul?de lacks many of the metallic 
‘properties essential .to mechanical applications among 
which are ductility, compressive strength, tensile strength, 
malleability, shock resistance, and absence of a brittle 
failure. Instead one ?nds molybdenum disul?de exhibit 
ing the non-metallic properties characteristic of the slag 
group ‘which properties are the opposite of the desired 
metallic properties. This leaves the problem of ?nding 
a suitable matrix for suspending the molybdenum disul 
?de therein. This matrix must lend the above mechani 
cal properties to the composition plus allowing the 
molybdenum disul?de to impart its lubricity and high 
temperature stability to the matrix. These objectives 
have been achieved by the above compositions employ 
ing molybdenum disul?de. The resulting compositions 
are so phenomenal that one can use them in assemblies 
from —300° to 800° F. in air or —300° to 1500° F. in 
vacuum with reliance on their self-lubricating properties. 
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Iron is used in the ?rst three compositions in which 
molybdenum disul?de is a lubricant. This material has 
a body centered cubic crystal structure with the result 
that the iron in the matrix of these compositions acts 
as a binder. The iron imparts several of its properties 
including malleability, ductility, and shock resistance to 
the properties of the matrix. However, the most impor 
tant function of the iron is to impart strength to the 
matrix. The iron serves as a binder in helping to hold 
the self-lubricating compositions together. In this man 
ner the compositions utilizing iron as a binder have the 
advantage of a ferrous base and the strength properties 
and related properties that are associated with iron. 
Iron is also used because its sul?de is very unstable; thus 
iron does not tend to reduce the molybdenum disul?de. 

Platinum, palladium and molybdenum present in small 
quantities in the ?rst three compositions serve primarily 
to supplement the action of iron as a binder and provide 
higher strength materials at elevated temperatures plus 
the function of making the iron and molybdenum disul 
?de physically compatible in the same material. These 
three binders are more or less equivalents except that 
platinum seems to be a more efficient binder than pala 
dium and the palladium seems to be more efficient as a 
binder than the molybdenum. This merely means that 
a smaller quantity of the more efficient binder will serve 
the same function as a larger amount of a less efficient 
binder. It is well to consider that a less ef?cient binder 
may have other properties, such as ductility, etc., which 
may offset this disadvantage of being a less e?icient 
binder. 
As used in compositions 4 and 5, titanium dioxide ex 

hibits a physical structure which differs from the physi 
cal structure of molybdenum disul?de, but manifests 
self-lubricating properties very similar to molybdenum 
disul?de’s self-lubricating properties. It is difficult to 
account for the similar self-lubricating properties of these 
two different materials because of the very different 
crystal structure. Titanium dioxide is known to exist 
in several different crystallographic forms. However, 
much less is known about the lubrication. mechanism of 
titanium dioxide than of the molybdenum disul?de. It 
has been found that the rutile form of titanium dioxide 
exhibits the lubrication mechanism required in this 
invention. Titanium dioxide of a rutile-type structure 
forms irreversibly upon heating titanium dioxide to the 
temperature of 915° C. This crystal structure of the 
rutile-type titanium dioxide is not a simple layer system 
as molybdenum disul?de and therefore the mechanisms 
of lubrication cannot be similar. One explanation at 
tempts to account for the lubrication mechanism by sug 
gesting that its low friction characteristics may be due 
to slip on its dislocation slip system. However, ques 
tions of low dislocation mobility and of intercrystalline 
orientation would then require explanation. The mani 
festation of a piezoelectric effect of the rutile form of 
titanium dioxide is another possible explanation of the 
lubrication mechanism. A third possibility of explana 
tion of the lubrication mechanism is the type of crystal 
line surface for-med by the reaction of the unsatis?ed 
bonds of the titanium with the surrounding atmosphere. 
While the explanation of the lubrication mechanism of 
the rutile-type of titanium dioxide is unknown, the prop 
erty is adequately utilized in the practice of this invention. 

It is a scienti?cally known fact that titanium, when in 
a compound form such as titanium dioxide, exhibits very 
stable tendencies at high temperatures and low tempera 
tures. In addition to its stability, titanium dioxide ex 
hibits lubricity over a temperature range from 900° F. 
to 1500° F. However, titanium dioxide lacks many of 
the metallic properties essential to mechanical applica 
tions among which are ductility, compressive strength, 
tensile strength, malleability, shock resistance and ab 
sence of a brittle failure. Instead one ?nds titanium 
dioxide exhibiting the non-metallic properties characteris 
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4 
tie of the ceramic group which properties are almost 
always the opposite of the desired metallic properties. 
This leaves the problem of ?nding a suitable matrix for 
suspending the titanium dioxide therein. This matrix 
must lend the above mechanical properties to the com 
position plus allowing the titanium dioxide to impart its 
lubricity and high temperature stability to the matrix. 
These objectives have been achieved by the above com 
positions employing titanium dioxide. It should also be 
noted that the self-lubrication properties of these ma 
terials extend throughout the matrix of the compositions. 

In compositions 4 and 5, the titanium dioxide serves as 
the primary solid lubricant but nickel oxide and molyb 
denum disul?de also serve as lubricants in these compo 
sitions. Titanium dioxide, as noted above, is not as effi 
cient a lubricant as molybdenum disul?de but it has the 
advantage of being easier to sinter and it withstands 
higher temperatures than a molybdenum disul?de base 
material. 
The nickel metal present in compositions 4 and 5 is 

there for the primary purpose of serving as a binder 
and holding the compositions together. Nickel also has 
several properties similar to iron so that the compositions 
have mechanical properties in addition to their self-lubri 
cating properties due to the presence of nickel. Nickel 
has proven very compatible for use in compositions where 
titanium dioxide is present. Nickel does not have the 
aflinity for oxygen that titanium does so the nickel re 
mains in the composition as an element and does not 
reduce the titanium dioxide. Even if a nickel oxide were 
formed this would be helpful because of its high tempera 
ture lubrication properties as noted below. 

Nickel oxide in compositions 4 and 5 serves a dual 
purpose in that it acts as a binder and at higher tempera 
tures (1000° to 1500° F.) it develops great lubrication 
properties which supplement the lubrication properties of 
titanium dioxide. Nickel oxide has some properties very 
similar to nickel in that the properties of nickel oxide are 
more closely related to the mechancal ‘advantages of a 
metal than to the brittle nature of a ceramic. This ex 
plains the' binder characteristics exhibited by nickel ox 
ide in compositions 4 and 5. 
Molybdenum disul?de in composition 5 serves the same 

function as described previously in relation to the ?rst 
three compositions and the discussion will not be 
repeated. 

Lubrication problems in a vacuum may seem no differ 
ent than in air, but actually vacuum conditions impose 
more serious problems and more rapid wear on any as 
sembly than operation in air does. If a normal lubricant 
is introduced onto the surfaces of material in assemblies 
operating in vacuum conditions, this lubricant will evap 
orate due to its high vapor pressure. Thus in short pe 
riods of time the lubricant would be non-existent. 
Any assembly, formed of metal and run in a vacuum, 

behaves differently than the same assembly operated in 
air. It has been found that the absence of an oxide ?lm 
on the surfaces of the. assembly member causes cohesion 
of metal between the several parts of the assembly while 
operating in the vacuum. The metal. will adhere or co 
here with other metallic surfaces as cohesive contact is 
made and broken with the other metallic surfaces during 
operation. The transfer of metal particles occurs rapidly 
and visible pitting will be evident in a short time. This 
results in the metal surfaces becoming rough, increasing 
the noise level and increasing needs in operating power. 
In air this cohesion which effects the roughening of a hear 
ing in a vacuum does not take place due to the presence 
of an oxide ?lm on the surfaces of the metal. The use of 
a self-lubricating material eliminates the need for an ox 
ide surface ~?lm for lubrication in a vacuum as well as 
providing a dry ?lm lubricant in air. 
The compositions of this invention are fabricated by a 

hot pressing operation which provides the required high 
strength. To. insure the development of the ideal prop 
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erties of these compositions we practice the following 
steps in hot pressing. After the components are properly 
mixed together the composite is heated to 350° F. thus 
volatilizing any water present. After heating to 350° F., 
the composite is again mixed followed by pressing the 
components at room temperatures into graphite dies. 
The graphite dies are constructed to give the composi 
tion its desired ?nal con?guration. Next the dies are pre 
heated to approximately 1200° F. followed by hot press 
ing the composition anywhere in the temperature range 
of 1600“ to 2500° F. Following the hot pressing step, we 
cool under load to 1400“ F.; then we remove the pressure 
from the dies and cool from 1400 to 500° F. and remove 
the composition from the graphite die. We practice tem 
perature and time variations in this process as we change 
the relative proportions in our composition. 

Example 1 
The following material, typical of composition 1, was 

formulated by the hot pressing technique described above. 
Constituent: Percentage by weight 

Molybdenum disul?de (MoS2) ____________ __ 90' 
Iron (Fe) ______________________________ __ 8 

Platinum (Pt) ____; _____________________ __ 2 

' Example 2 

The following material, typical of composition 2, was 
formulated by the hot pressing technique described above. 

Constituent: ‘ Percentage by weight 
Molybdenum disul?de (M082) ____________ __ 80 
Iron (Fe) ______________________________ __ 16 

Palladium (Pd) _________________________ __ 4 

Example 3 

The following material, typical of composition 3, was 
formulated by the hot pressing technique described above. 
Constituent: Percentage by weight 

1 Molybdenum disul?de (M082) __________ __ 75 

Iron (Fe) ___________________________ __ 16.25 

.Molybdenum (Mo) ______________ __-_____ 8.75 

’ i ' Example 4 

The following material, typical of composition 4, was 
formulated by the hot pressing technique described above. 
Constituent: Percentage ‘by weight 

Titanium dioxide (TiO2) _________________ -_ 45 

Nickel oxide (NiO) _________________ _l.____ 15 
Nickel (Ni) ________________________ _;____ 40 

Example 5 

,The following material, typical of composition 5, was 
formulated by the hot pressing technique described above. 
Constituent: Percentage by weight 

Titanium dioxide (TiO2) _________________ __ 48 

Nickel oxide (NiO) _____________________ __ 6 

Molybdenum disul?de (M082) ____________ __ 6 

Nickel (Ni) ____________________________ __ 40 

‘ Example 6 

The following material, typical of composition 1, was 
formulated by the hot pressing technique described above. 
Constituent: Percentage by weight 

Molybdenum disul?de (M052) ____________ __ 80 
Iron (Fe) ______________________________ __ 19 

Platinum (Pt) __________________________ __ 1 

Example 7 

The‘ following material, typical of composition 2, was 
formulated by the hot pressing technique described above. 
Constituent: Percentage by weight 

Molybdenum disul?de (MoS2) ___________ __t_ 88 
Iron (Fe) ______________________________ __ 10 

Palladium (Pd) ________________ __, ______ __ 2 
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6 
Example 8 

The following material, typical of composition 3, was 
formulated by the hot pressing technique described above. 
Constituent: Percentage by weight 

Molybdenum disul?de (M082) ____________ __ 70 
Iron (Fe) ______________________________ __ 2O 

Molybdenum (Mo) _____________________ __ 10 

Example 9 

The following material, typical of composition 4, was 
formulated by the hot pressing technique described above. 

Constituent: Percentage by weight 
Titanium dioxide (TiO2) ________________ __ 47.5 

’ Nickel oxide (NiO) ____________________ __ 10 

Nickel (Ni) ___________________________ __ 42.5 

Example 10 
The following material, typical of composition 5, was 

formulated by the hot pressing technique described above. 
Constituent: Percentage by weight 

Titanium dioxide (TiO2) _________________ __ 45 

Nickel oxide (NiO) _____________________ __ 10 
Molybdenum disul?de (MoS2) ____________ __ 10 

Nickel (Ni) ____________________________ __ 35 

Example 11 

The following material, typical of composition 1, was 
formulated by hot pressing technique described above. 

Constituent: Percentage by weight 
Molybdenum disul?de (MoS2) _____________ __ 70 
Iron (Fe) ______________________________ __ 27 

Platinum (Pt) __________________________ __ 3 

‘ Example 12 

The following material, typical of composition 2, was 
formulated by hot pressing technique described above. 

Constituent: Percentage by weight 
Molybdenum disul?de (M082) ____________ __ 70 
Iron (Fe) ______________________________ __ 25 

Palladium (Pd) _________________________ __ 5 

_ Example 13 

The following material, typical of composition 3, was 
formulated by the hot pressing technique described above. 
Constituent: Percentage by weight 

Molybdenum disul?de (MoS2) _____________ __ 85 
Iron (Fe) _____ _; _______________________ __ 10 

Molybdenum (Mo) _____________________ __ 5 

vExample 14 
The following material, typical of composition 4, was 

formulated by the hot pressing technique described above. 
Constituent: Percentage by weight 

Titanium dioxide (T102) _________________ __ 50 
Nickel oxide (NiO) ______________________ __ 15 
Nickel (Ni) ____________________________ __ 35 

Example 15 
The following material, typical of composition 5, was 

formulated by the hot pressing technique described above. 
Constituent: Percentage by weight 

Titanium dioxide (TiO2) _________________ __ 45 

Nickel oxide (NiO) _____________________ __ 20 

Molybdenum disul?de (M082) ____________ __ 20 
Nickel (Ni) ____________________________ __ 15 

Example 16 
The following material, typical of composition 2, was 

formulated by the hot pressing technique described above. 
Constituent: Percentage by weight 

Molybdenum disul?de (MoS2) ____________ __ 75 
Iron (Fe) ______________________________ __ 20 

Palladium (Pd) _________________________ __ 5 
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FIGURE 1 represents a ball bearing assembly for trans 
mission of energy wherein our lubricating compositions 
are used to advantage In FIGURE 1, number 1 repre 
sents an outer race which serves to cover the ball bearing 
assembly and retain the functioning members therein. 
A jacket retainer is represented by 2 with each side hav 
ing a circular jacket retainer with a multiplicity of holes 
therein represented by 3. The holes in the jacket retainer 
are adapted to pins 4 so that the two jacket retainers 
can be held a certain distance apart by the pins by use 
of the extension 4’ on the pins 4. A shaped, lubricant 
composite material selected from the above composi 
tional ranges is represented by 5 with a hole 6 therein. 
The holes 6 are adapted to the lubricant composite ma 
terial 5 so that the pins 4 will ?t in holes 6. Each end 
7 of the lubricant composite material 5 is shaped so as 
to retain a ball bearing 8, when the two ends 7 are in 
close proximity. An inner race 9 serves the function of 
support for the other parts of the ball bearing assembly 
previously mentioned as well as an operational base for 
rotation thereon of the ball bearings 8. 
The remarkable lubrication propertiesof our composi 

tions can be demonstrated from tests conducted on the 
bearing shown in FIGURE 1. The bearing shown in 
FIGURE 1 is constructed with the lubricant sections se 
lected from the compositional ranges presented above. 
The bearing is driven by an attached prime mover. The 
ball bearings in FIGURE‘ 1 as represented by the num 
ber 8 were fabricated of stainless steel. After the lubri 
cant composite material was fabricated, X-ray photo 
graphs were taken of the separator to determine if in 
ternal ?aws or cracks existed in the material. The inner 
race, the outer race, the pins and the jacket retainer were 
fabricated of standard steel alloy materials. 
The assembled bearing, containing the lubricant com 

posite material as fabricated in this invention, was tested 
in a speed spectrum test at speeds up to 10,000 revolu 
tions per minute (r.p.m.). Operation was for one hour 
at 1800 r.p.m., one hour at 3600 r.p.m. and one hour 
at 5000 r.p.m. followed by a life test at 10,000 r.p.m. 
After four hours of operation at 10,000 r.p.m. the test 
was terminated due to a general rise in the temperature 
of the testing equipment and the bearing asembly. The 
ball bearings and the races were in excellent condition 
which can be described as exhibiting a high polish and 
no indication of wear, abrasion, etc. After examination 
the same bearing with the same components was reassem 
bled for testing. Testing was resumed at 10,000 r.p.m. 
for 221/: hours of operation. At the end of this period 
the ball bearings and raceways were examined, and these 
parts again exhibited a high polish with no indications 
of wear, abrasion, etc. 
The tests conducted in air at elevated temperatures 

and in vacuum at elevated temperatures were run at 
speeds up to 15,000 r.p.m. for 1/2-hour periods. No ac 
curate friction wear measurements could be obtained. 
Of signi?cance is the fact that all bearing assemblies 
tested for these 1/2-hour periods were functioning ade 
quately with no sign of failures. Measurements to ap 
proximate the material wear for these 1/2-hour periods 
varied between .0001 to .0005 inch per exposed surface 
for the various lubricants. The low wear value resulting 
from use of our lubricant compositions indicates the ex 
cellent wear characteristics for elevated temperatures and 
the excellent dry ?lm lubricant attained therein. 
We claim: ' 
1. A self-lubricating composition of matter for use in 

air or vacuum comprised substantially as follows: 

Component—- Percentage by weight 
Molybdenum disul?de (M082) ________ __ 70 to 90 
Iron \(Fe) _________________________ __ 5 to 27 

1 to 3 Platinum \(Pt) ______________________ __ 

2. A self-lubricating composition of matter as claimed 
in claim 1 wherein the weight percentage of molybdenum 
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8 
disul?de is 90%, iron is 8%, and the platinum is 2%. 

3. A self-lubricating composition of matter for use in 
air of vacuum comprised substantially as follows: 

Component- Percentage by weight 
Molybdenum disul?de (M082) ________ __ 70 to 90 
Iron (Fe) _________________________ .._ 10 to 25 

Palladium (Pd) ____________________ __ 2 to 5 

4. A self-lubricating composition of matter as claimed 
in claim 3 wherein the weight percentage of molybdenum 
disul?de is 80%, iron is 16%, and palladium is 4%. 

5. A self-lubricating composition of matter as claimed 
in claim 3 wherein the weight percentage of molybdenum 
disul?de is 75%, iron is 20% and palladium is 5%. 

6. A self-lubricating composition of matter for use in 
air or vacuum comprised substantially as follows: 

Component-- Percentage by weight 
Molybdenum disul?de (M052) ________ __ 70 to 90 
Iron (Fe) _________________________ __ 10 to 20 

Molybdenum (Mo) _________________ __ 5 to 10 

7. A self-lubricating composition of matter as claimed 
in claim 6 wherein the weight percentage of molybdenum 
disul?de is 75%, iron is 16.25% and the molybdenum is 
8.75%. 

8. A self-lubricating composition of matter for use in 
air or vacuum comprised substantially as follows: 

Component- Percentage by weight 
Titanium dioxide (TiO2) _____________ .._ 45 to 50 
Nickel oxide (NiO) --_. _____________ __ 5 to 20 

Nickel (Ni) _______________________ -_ 35 to 45 

9. A self-lubricating composition of matter as 
claimed in claim 8 wherein the weight percentage of tita 
nium dioxide is 45%, nickel oxide is 15% and nickel 
is 40%. 

10. A self-lubricating composition of matter for use in 
air or vacuum comprised substantially as follows: 

Component~ Percentage by weight 
Titanium dioxide (TiO2) _____________ __ 45 to 50 
Nickel oxide (NiO) _________________ __ 5 to 20 
Molybdenum disul?de (M052) ________ __ 5 to 20 
Nickel (Ni) _______________________ __ 15 to 45 

11. ~A self-lubricating composition of matter ‘as claimed 
in claim 10 wherein the weight percentage of titanium 
dioxide is 48%, nickel oxide is 6%, molybdenum disul?de 
is 6% and nickel is 40%. 

12. In a ball bearing assembly, the combination com 
prising an inner race member supporting a plurality of ball 
bearings, said plurality of ball bearings being separated 
by inserted sections of a lubricant composite material com 
prised substantially as follows: 

Constituent- Percentage by weight 
Molybdenum disul?de (MoS2) ________ __ 70 to 90 
Iron (Fe) _________________________ .._ 5 to 27 
‘Platinum (Pt) ______________________ __ 1 to 3 

said sections of a lubricant composite material being held 
in place around said inner race by a jacket retainer as 
sembly and said jacket retainer assembly having an outer 
race adapted to ?t around said ‘jacket retainer assembly. 

13. In a ball bearing assembly, the combination com 
prising an inner race member supporting a plurality of 
ball bearings, said plurality of ball bearings being sepa 
rated ‘by inserted sections of a lubricant composite ma 
terial comprised substantially as follows: 

Constituent— ‘Percentage by weight 
Molybdenum disul?de (M0S2) ________ __ 70 to 90 
Iron (Fe) _________________________ __ 10 to 25 

Palladium \(Pd) ____________________ __ 2 to 5 

said sections of .a lubricant composite material being held 
in place around said inner race by a jacket retainer as 
sembly and said jacket retainer assembly having an outer 
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race adapted to ?t around said jacket retainer assembly. 
14. ‘In a ball bearing assembly, the combination com 

prising an inner race member supporting a plurality of 
ball bearings, said plurality of ball bearings being sepa— 
rated by inserted sections of a lubricant composite ma 
terial comprised substantially as follows: 

Constituent—- ‘Percentage ‘by Weight 
Molybdenum disul?de (M082) ________ __ 70 to 90 
Iron (Fe) _________________________ __ 10 to 20 
Molybdenum (Mo) _________________ __ 5 to 10 

said sections of a lubricant composite material being held 
in place around said inner race by a jacket retainer assem 
bly and said jacket retainer assembly having an outer race 
adapted to ?t around said jacket retainer assembly. 

15. In 1a ball bearing assembly, the combination com 
prising an inner race member supporting a plurality of 
ball bearings, said plurality of ball bearings being sepa 
rated by inserted sections of a lubricant composite material 
comprised substantially as follows: 

Constituent— Percentage by weight 
Titanium dioxide "(1302) ____________ __ 45 to 50 
Nickel oxide (NiO) _________________ __ 5to 20 
Nickel ~(Ni) _______________________ __ ‘35 to 45 

said sections of a lubricant composite material being held 
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10 
in place ‘around said inner race by a jacket retainer as 
sembly and said jacket retainer assembly having an outer 
race adapted to ?t around said jacket retainer assembly. 

16. In a ball bearing assembly, the combination com 
prising an inner race member supporting a plurality of 
ball bearings, said plurality of ball bearings being sepa 
rated by inserted sections of a lubricant composite ma 
terial comprised substantially as follows: 

Consti-tuent- Percentage ‘by weight 
Titanium dioxide \(TiOg) ____________ __ 45 to 50 
Nickel oxide (NiO) _________________ __ 5 to 20 
Molybdenum disul?de (M082) ________ __ 5 to 20 
Nickel (Ni) ________________________ .. '15 to 45 

said sections of a lubricant composite material being held 
in place around said inner race by a jacket retainer assem 
bly and said jacket retainer assembly having an outer race 
adapted to ?t around said jacket retainer assembly. 
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