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ORGANOPOLYSILOXANE-BONDED GRAPHITE FLUORIDE AS A SOLID LUBRICANT
by Robert L. Fusaro

Lewis Research Center

SUMMARY

A solid lubricant film consisting of organopolysiloxane as the binder and graphite
fluoride ((CFL 1)p) as the lubricant was formulated. A hemisphere-on-flat-disk type of
friction apparatus was used to evaluate the friction, rider wear, and wear life of the
films, which were bonded to roughened 440C stainless steel disks. The test conditions
were a 1-kilogram load, a 2. 6-meter-per-second sliding velocity, and 440C stainless
steel riders.

For comparison, similar experiments were conducted on organopolysiloxane-bonded
molybdenum disulfide (MOSz) films. In general, wear lives, minimum friction coeffi-
cients, and rider wear volumes were equivalent for both films, with the one exception
that in a moist air atmosphere the wear lives of the fillms formulated with (CFI. 1)n
were up to 10 times longer than the wear lives of films formulated with MoSz. The re-
sults were also compared with those for burnished (CFI. 1) p films and polyimide (PD)-
bonded (CFL 1)n films. The organopolysiloxane-bonded (CFI. l)n films gave longer
wear lives than did the burnished (CFI. 1)n films, but not as long as did the PI-bonded
(CFI. l)n films. A possible advantage of organopolysiloxane over polyimide as a binder
is that it has a much lower cure temperature.

Three different types of organopolysiloxanes were evaluated as a binder for
(CFL l)n‘ Essentially no difference was found. Rubbing additional (CFL l)n powder
onto a cured organopolysiloxane-bonded (CFI. l)n surface was found to be beneficial in
giving longer wear lives and lower rider wear rates.

The effect of test atmosphere on the rider wear, friction coefficient, and wear life
of the organopolysiloxane-bonded (CFI. N, o films was also studied. Dry air (20-ppm
HZO)’ moist air (10 000-ppm H,0), and dry argon (10 ppm-H20) test atmospheres were
used. The lowest friction and least rider wear, as well as the longest wear lives were
obtained in dry argon. The moist air atmosphere gave longer wear lives than the dry
air atmosphere, but the friction coefficient and rider wear rate were higher.



INTRODUCTION

Previous studies on graphite fluoride ((CFX)n) have shown it to have excellent lub-
ricating properties under various conditions and types of applications. Burnished films
of graphite fluoride applied by this researcher gave improved lubrication results when
compared to burnished films of molybdenum disulfide (MoSz) or graphite (refs. 1 and 2).
Further improvement has been obtained by this researcher when graphite fluoride pow-
der was bonded to the surface using a polyimide binder (refs. 3 and 4). Improved lubri-
cation results have also been reported by Ishikawa (refs. 5 and 6) with graphite fluoride
added to greases, mechanical carbons, and carbon-fiber-reinforced polytetrafluoro-
ethylene (PTFE). Graphite fluoride has also been combined with silicate or epoxy-
phenolic binders with good results by Gisser (ref. 7). Another promising technique for
applying graphite fluoride was reported by Tsuya (ref. 8). The method consisted of de-
positing graphite fluoride and a metal simultaneously by use of an electroplating bath.

Solid lubricants usually give longer wear lives when they are used in conjunction
with a binder rather than simply burnishing them onto a surface. The polyimide binder
used in references 3 and 4 gave exceptionally good results. It had one undesirable fea-
ture, however. In order to polymerize it, the film had to be baked at the relatively high
temperature of 300° C. For some potential applications of solid lubricants, such a high
cure temperature may be undesirable. For this reason and also in the hope of finding
an even better binder material for graphite fluoride, a series of experiments were con-
ducted using an organopolysiloxane polymer as a binder for graphite fluoride. This
polymer was chosen because other researchers (ref. 9) have obtained good lubrication
results with it as a binder for molybdenum disulfide (MOSZ), and because it has a rela-
tively low cure temperature of 90° to 135° C.

In this study, films were formulated with organopolysiloxane and (CFL l)n’ similar
to the ones previously formulated with polyimide and (CFl. 1)n, and their friction coeffi-
cients, wear lives, and rider wear volumes were compared. Similar films were also
formulated with organopolysiloxane and MoS2 and the results compared. Other areas
that were investigated were the effects of temperature, atinosphere, organopolysiloxane
composition, and rubbing additional (CFl. 1)n powder onto the bonded film surface.

MATERIALS

The organopolysiloxane used in this investigation was a condensation polymer based
on an alternating silicon-oxygen system; thus, in general, it can be classified in the
silicone family (refs. 10 and 11). Unlike conventional silicones, however, it can be
cured to a crystal-clear thermosetting material. For this reason these polymers have



been referred to as ''glass resins. '' Table I lists some of the general properties of
organopolysiloxanes.

As with many polymers, it is possible to tailor different properties into the organo-
polysiloxanes by varying the type and relative amounts of the starting materials (refs.
10 and 11). In this investigation, three different organopolysiloxane compositions were
studied. The first contained approximately 60 percent silicon and oxygen, the second

contained approximately 50 percent silicon and oxygen, and the third contained approxi-
mately 80 percent silicon and oxygen.

FRICTION APPARATUS

The apparatus used to evaluate the lubricating properties of organopolysiloxane-
bonded solid lubricants is illustrated in figure 1. Basically, the device consists of a
flat disk (6. 3-cm diam) in sliding contact with a stationary hemispherically tipped rider
(0.476-cm rad.). A 1l-kilogram deadweight load is applied to the rider as the disk ro-
tates at 1000 rpm. The rider creates a 5-centimeter-diameter wear track on the ro-
tating disk, giving it linear sliding velocity of 2. 6 meters per second.

Induction heating was used to heat the disk. The temperature was monitored by an
infrared pyrometer focused on the wear track of the disk. A strain gage was used to
sense the frictional force, which was continuously recorded on a strip~chart recorder.

PROCEDURE
Surface Preparation and Cleaning Procedure

The hardness range of the 440C stainless steel specimens used in this investigation
was Rockwell C 58 to 60. The disk surfaces were roughened by sandblasting to a rms
value of 0.9 to 1. 3 micrometers (35><10'6 to 50x1076 in, ). The cleaning procedure
after the disks were sandblasted was as follows:

(1) Scrub surface under running water with a brush to remove abrasive particles.

(2) Clean surface with pure ethyl alcohol.

(3) Scrub surface with a water paste of levigated alumina. Clean until water wets
the surface readily.

(4) Rinse under running water to remove levigated alumina (using brush to facilitate
removal).

(5) Rinse in distilled water.

(6) Dry surfaces using dry compressed air. (Surfaces not dried quickly have a ten-
dency to oxidize. )



The riders were also cleaned by this procedure; but since the riders were not
sandblasted, step 1 was not included.

Coating Formulation

The organopolysiloxane-bonded MoS2 films were prepared by mixing three parts
(by weight) of MoS, powder with one part (by weight) of organopolysiloxane solids. The
organopolysiloxane-bonded (CF;_ l)n films were prepared by mixing three parts (by
weight) of (CFL 1)n powder with two parts (by weight) of organopolysiloxane solids. The
density of (CFI. 7 , Was approximately one-half that of MoS,; therefore, the two film
formulations contained nearly equal volume percents of solid lubricants. Pure ethanol
was used as a solvent for the organopolysiloxane. Enough was added to each formula-

tion to obtain a sprayable solution.

Film Application

The liquid mixture of organopolysiloxane and solid lubricant was sprayed onto each
disk with an artist's airbrush. When the desired thickness of 10 to 20 micrometers was
obtained, the curing procedure was carried out. This procedure consisted of baking
the film at 90° C for 1/2 hour and then at 135° C for 4 hours.

After cooling, some of the film surfaces were enriched with their respective solid
lubricants. Two methods of applying the solid lubricant powder were employed. - The
first was to burnish (CFL 1 OF MosS, (~1/4 g) onto the film surface with a napped cloth.
The cloth was wrapped around the index finger, and considerable pressure was applied.
Burnishing continued until the surface appeared glossy.

The second method of enriching the surface was to burnish the (CFI. 1)n powder into
the film surface by using the line contact region of a double hemispherically tipped
metal cylinder (1-cm diam; 2-cm length). The (CFL 1)n was applied to the surface and
evenly distributed with the napped cloth before the surface was burnished with the metal
cylinder. Short back-and-forth strokes with the cylinder were used. As burnishing
continued, greater pressure was applied to the metal cylinder. Using the cylinder
tended to smooth the surfaces of the films and also reduced their apparent thickness

somewhat.

Test Procedure

The procedure for conducting these experiments was as follows: a rider and a disk
(with applied solid lubricant film) were inserted into the friction apparatus (fig. 1). The
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test chamber was sealed, and dry air (20-ppm H20), moist air (10 000-ppm H,0), or
dry argon (10-ppm HZO) was purged through the chamber for 15 minutes. The flow rate
was 1500 cubic centimeters per minute. This flow rate maintained a slight positive
pressure in the chamber, which had a volume of 2000 cubic centimeters.

When the purge was completed, the temperature of the disk was slowly raised to
the desired temperature by induction heating. The disk was set into rotation at 1000
rpm, and the temperature was held for 10 minutes to allow it to stabilize. A 1-kilogram
load was then applied as the disk rotated.

Some preliminary experiments were conducted to determine the friction character-
istics of unlubricated 440C stainless steel. From these results, it was decided to make
the criterion for failure a friction coefficient of 0. 30 since this value was less than the
friction coefficient of unlubricated 440C stainless steel over the whole experimental
temperature range. An automatic cutoff system was used to shut down the apparatus
when the friction coefficient reached 0. 30. In order to determine rider wear before
failure, the tests were stopped after 1 hour of sliding (60 kilocycles). The wear scar
diameter on the hemispherically tipped rider was measured and wear volume calculated.
For comparison, the wear rate and friction coefficient for unlubricated 440C stainless
steel were also determined. A similar procedure was followed except that no cutoff
friction coefficient was used.

RESULTS AND DISCUSSION
Effect of Organopolysiloxane Type

Three different types of organopolysiloxanes were available for evaluation. They
contained, respectively, 50, 60, and 80 percent silicon and oxygen. To determine which
would be the best binder for graphite fluoride, a series of friction, rider wear, and
film wear life experiments were conducted on films formulated with each organopoly-
siloxane type. Each film was formulated from 40-wt % organopolysiloxane solids and
60-wt % (CFy 1), solids. This lubricant/binder ratio was chosen since good results
were achieved when it was used with polyimide-bonded (CFL l)n (refs. 3 and 4). The
test conditions were a load of 1 kilogram, a sliding velocity of 2. 6 meters per second
(1000 rpm), a dry air atmosphere (20-ppm H20), a test temperature of 25° C, and
440C stainless steel riders and disks.

The results of these experiments are plotted in figure 2, where wear life, friction
coefficient, and rider wear volume are given for each different type of
organopolysiloxane-bonded (CFL 1)n film. At least five tests were performed on each
composition; and the figure gives maximum, minimum, and average values for each.



The main conclusion of these experiments was that essentially there was no advan-
tage to using any one particular type of organopolysiloxane as a binder for the solid
lubricant graphite fluoride ((CFL l)n)' The average wear lives for the
organopolysiloxane-bonded (CFL 1)n films containing 60, 50, and 80 percent silicon and
oxygen were, respectively, 415, 420, and 340 kilocycles. The maximum values of wear
life were, respectively, 580, 530 and 510 kilocycles; and the minimum values were,
respectively, 310, 310, and 210 kilocycles. The average minimum friction coefficients
obtained on the 60, 50, and 80 percent compositions were, respectively, 0.05, 0. 06,
and 0. 04. The average rider wear volumes after 60 000 cycles of sliding on the 60, 50,
and 80 percent compositions were, respectively, 0. 29><10'12, 0.46x10~ 2, and
0. 31><10'12 cubic meter. The maximum and minimum, as well as the average, values
are given in figure 2.

The average wear life results appear to indicate that the organopolysiloxane-bonded
(CFL 1) n films containing 60 and 50 percent silicon and oxygen are somewhat better lu-
bricant films than the one containing 80 percent silicon and oxygen. However, when all
the results are considered, the 80 percent composition appears to be equivalent to the
other two. The main difference between it and the other two was that the minimum wear
life was shorter. One bad test may mean only that the film was improperly applied.

Since all three types of organopolysiloxane-bonded (CFI. l)n films gave approxi-
mately equivalent results, the remainder of this study was conducted using only the com-
position which contained 60 percent silicon and oxygen. Thus, from this point, when
organopolysiloxane is referred to, it will mean the 60 percent composition.

Effect of Enriching Film Surface with (CF1 1) n Powder

A series of experiments were conducted to determine if there were any advantages
to enriching the surface of organopolysiloxane-bonded (C Fy 1), With additional (CFL 1)n
powder and to determine if application technique was important. For details on the ap-
plication technique, see the section Film Application.

Figure 3 illustrates the effect of surface enrichment and application technique on the
surface condition of organopolysiloxane-bonded (CFL l)n‘ Shown in the figure are the
schematic cross sections of the nonenriched film, the cloth-burnished film, and the
metal-burnished film. (These cross sections are based on surface profiles of the
roughened 440C stainless steel before film application and the film surface after appli-
cation.) Cloth burnishing did not have a noticeable effect on the surface condition. The
surface profiles of the nonenriched and the cloth-burnished films look very much alike.
Apparently, the (CF; ), powder adhered uniformly to the surface and did not tend to
fill up the valleys. Also the amount of (CFL 1)n that was applied was relatively small
and may have not completely filled up the valleys. Metal burnishing had a much more
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noticeable effect. As figure 3(c) shows, metal burnishing tended to reduce the surface
roughness of the film by removing the peaks and filling in the valleys.

The effect of surface enrichment and application technique on the lubricating proper-
ties of organopolysiloxane-bonded (CFL l)n films is shown in figure 4. At least five
tests were performed on each surface type; and the figure depicts maximum, minimum,
and average values for each surface type. Surface enrichment did not markedly affect
the average value of the minimum friction coefficient, which was 0. 045 to 0.050. How-
ever, the nonenriched films did have more variance (from minimum to maximum fric-
tion values) than did the enriched films. Surface enrichment was very beneficial to wear
life and rider wear. Average wear lives were increased 60 to 70 percent; and average
rider wear, for riders which slid 60 kilocycles, was reduced about three times when
enriched films were employed. No discernible difference was found between cloth burn-
ishing and metal burnishing, The main effect of metal burnishing was to remove the
high peaks on the film surface and give a more realistic value to the film thickness.

Effect of Atmosphere

The effect of test atmosphere on wear life, minimum friction coefficient, and rider
wear of organopolysiloxane-bonded (CFI. 1) n films is shown in figure 5. These tests
were conducted at 25° C; under a load of 1 kilogram; at a sliding velocity of 2. 6 meters
per second; and in atmospheres of dry air (20-ppm H20), moist air (10 000-ppm HZO)’
or dry argon (10-ppm H20).

Of the three atmospheres tested, the best results were achieved in a dry argon
atmosphere. The minimum friction coefficient obtained was 0.04. Because of the long
duration of this test, it was stopped after 5500 kilocycles of sliding although the friction
coefficient was still less than 0. 10. The rider wear volume (after 60 kilocycles of slid-
ing) in argon was about two-thirds the value obtained for tests run in dry air, and about
one-fifth that obtained for tests run in moist air.

The minimum friction coefficient obtained in dry air was slightly higher than that
obtained in dry argon, 0.05 compared to 0.04; the value obtained in moist air was the
highest, 0.09. Even though rider wear and friction coefficient were less in dry air,
wear lives (defined as the number of cycles to reach a friction coefficient of 0. 30) were
about five times longer in moist air than in dry air. In summary, the data indicate that
both water vapor and air were deleterious to organopolysiloxane-bonded (CFl. 1)n films.
Water vapor was beneficial in providing longer wear lives in air (50 percent relative
humidity; 10 000-ppm HZO) but rider wear rate and friction coefficient were increased
when H20 was present. The reasons for these phenomena should be the subject of future
study.



Comparison to Similar Molybdenum Disulfide Films

A series of experiments were conducted on films in which the solid lubricant molyb-
denum disulfide (MoSZ) was substituted for (CFL l)n' Since the density of (CFL l)n is
only about one-half that of MoS,, the organopolysiloxane-bonded MoS2 films were formu-
lated from three parts (by weight) of MoS, powder to one part (by weight) of organopoly-
siloxane solids. The two film formulations, therefore, contained equal volume percents
of solid lubricant.

Figure 6 presents results from those tests, along with similar data for the
organopolysiloxane-bonded (CFL 1 p films. Each film formulation was tested at 25° C;
under a load of 1 kilogram; at a sliding velocity of 2. 6 meters per second; and in atmos-
pheres of dry air (20-ppm HZO)’ moist air (10 000-ppm HZO)’ and dry argon (10-ppm
H2 0).

The wear life of organopolysiloxane-bonded (CFL l)n was equivalent to that of
organopolysiloxane-bonded MoS2 in all test atmospheres. The only major difference
was in moist air where the wear life of organopolysiloxane-bonded (CFI. 1)n was 10 times
greater than that of organopolysiloxane-bonded MoSz. In dry air this difference in wear
life was about 2. In dry argon neither film failed before completing the arbitrary test
duration of 5500 kilocycles.

The friction coefficients for organopolysiloxane-bonded MoS2 were slightly less than
those of organopolysiloxane-bonded (CFI. 1) w although the differences were not great.
The friction coefficients for organopolysiloxane-bonded MoS2 in atmospheres of dry air,
moist air, and dry argon were, respectively, 0.03, 0.07, and 0.02. Similar friction
coefficients for organopolysiloxane-bonded (CFI. 1)n were, respectively, 0.05, 0.09,
and 0. 04.

For each respective test atmosphere, the rider wear volumes (after 60 kilocycles
of sliding) for the two films were nearly equivalent. Thus, the main advantage of
organopolysiloxane-bonded (CFl' l)n over organopolysiloxane-bonded MoS2 was that
longer wear lives were obtained with the (CFL 1) , formulation in a normal room-air
environment (represented by the moist air test environment (50-percent relative humid-
ity; 10 000-ppm H20)).

Effect of Temperature and Comparison to Other Graphite Fluoride ((CF1 l)n) Films

A series of experiments were conducted on organopolysiloxane-bonded (CFL 1)n
films to determine the effect of temperature on the wear life properties of these films
and also to see how they compared to other (CFI. 1) n films which were tested under
similar conditions (ref. 3). The test conditions were a dry air atmosphere (20-ppm
Hy0), a load of 1 kilogram, a sliding velocity of 2. 6 meters per second, 440C stainless
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steel riders and disks, and a failure criterion which entailed the friction coefficient
reaching a value of 0. 30. The results of these experiments are shown in figure 7.

The wear life of organopolysiloxane-bonded (CFL 1)n decreased with temperature,
as did that of the burnished (CF1 1) film. However, the wear life of
organopolysiloxane-bonded (CF1 1) was somewhat better than that of burnished
(CF1 1) films, at least to 400° C. At ambient temperature, 25° C, it was from two to
three times longer; but as temperature was increased the difference became less, until
at 400° C the wear lives were essentially the same.

While in most instances organopolysiloxane-bonded (CFI. 1)n films gave longer wear
lives than did burnished (CFl_ l)n films, they did not give nearly as long a wear life as
did PI-bonded (CFl_ l)n films. The difference in wear life depended somewhat on test
temperature, but in general PI-bonded (CFL l)n films gave from 5 to 10 times longer
wear lives than did organopolysiloxane-bonded (CFI. 1)n films,

The minimum friction coefficients as a function of temperature for the three films
are compared in figure 8. Also shown is the friction coefficient of unlubricated 440C
stainless steel sliding on itself (ref. 3). As seen in the figure, the friction coefficient
for each film remained relatively constant in the temperature range 252 to 400° C. The
organopolysiloxane-bonded (CFl_ 1)n film and the burnished (CFl_ l)n film gave minimum
friction coefficients which were essentially the same, ranging between 0. 04 and 0. 05.
The friction coefficient of the PI-bonded (CFI. 1)n film was slightly higher than this
range, having a value of 0. 08.

Comparison of the wear which occurred to 440C riders after they had slid for 1 hour
(60 kilocycles) against the three (CFl_ l)n films is shown in figure 9. Test conditions
were a load of 1 kilogram, a sliding velocity of 2. 6 meters per second, a dry air atmos-
phere (20-ppm H20), and a test temperature of 25° C. Also shown in the figure are
rider wear data obtained from three similarly formulated films in which MoS2 was the
solid lubricant instead of (CFl_ l)n' All films were formulated with the same volume
percent of solid lubricant in the composition. For comparison, the wear of the base
metal, 440C stainless steel, which was run in the unlubricated condition (ref. 3), is also
shown.

Rider wear tended to depend more upon the type of film on which the rider slid
than upon whether MQ'S2 or (CFl. 1)rl was used in the film. The best results were
obtained with the PI-bonded solid lubricant films. The rider wear rate for riders slid-
ing on burnished solid lubricants was about 10 times greater than the rider wear rate
with the PI-bonded films. The organopolysiloxane-bonded films gave wear results that
fell about halfway between the results for the PI-bonded films and the burnished films.
Rider wear on unlubricated 440C stainless steel was 5000 times greater than rider wear
on the organopolysiloxane-~bonded solid lubricant films.



SUMMARY OF RESULTS

Friction and wear experiments conducted on organopolysiloxane-bonded graphite
fluoride ((CFI. l)n) films gave the following results:

1. Essentially no difference in lubricating properties was found when three different
organopolysiloxane polymers were used as binders for (CFI. 1)n.

2. Enriching the surface with additional (CFl. 1)n powder increased wear life
50 percent and decreased rider wear about three times.

3. Organopolysiloxane-bonded (CF 1)y films provided better lubrication results
than did hand~burnished films of (CFI. l)n’ However, when compared to polyimide-
bonded (CF{ 1)n films, the results were not nearly as good.

4. Test atmosphere was very influential in determining wear life, friction coeffi-
cient, and rider wear. In each of the preceding, the best results were obtained in a dry
argon atmosphere (10-ppm HZO)' Longer wear lives were obtained in moist air (10 000-
ppm H20) than in dry air (20-ppm H20). However, minimum friction coefficient and
rider wear were higher in moist air than in dry air.

5. The main advantage of using (CFL l)n instead of molybdenum disulfide (MoSz) as
the solid lubricant in the organopolysiloxane binder was that longer wear lives were ob-
tained in a normal room-air environment (represented by the 50-percent relative humid-
ity (moist air) test environment). Otherwise, equivalent results were obtained.

Lewis Research Center,
National Aeronautics and Space Administration,
Cleveland, Ohio, April 11, 1975,
505-04.
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TABLE I. - TYPICAL PROPERTIES OF ORGANOPOLYSILOXANES

Physical properties:

Specific gravity . . . . . . . ..o Lo e e e e e 1.3
Tensile strength, N/m2 ..................... 2. 4x107
Flexural strength, N/m2 .................... 3. 4x107
Compressive strength, N/m2 .................. 2. 1x108
Impact strength (Izod), J/m ofnotch . . . .. .. ... ...... 1.6
Flammability . . . . . .. ... ... .. ... ..., Nonflammable
Transparent to light of wavelength, nm . . . . . . ... ... 200 - 700
Hardness of 0. 635-cm-thick sample, Rockwell (R scale) . . . 120 - 140
Thermal properties:
Coefficient of linear expansion (0° to 300° C), m/m/°C . ... 13x107°
Thermal conductivity, J/cmz/sec/OC/cm ........... 1.4x1073
Thermal stability in vacuum, O 450

Chemical properties:

Chemically resistant to acids and bases
Cured polymer insoluble in organic solvents
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Figure I. - Friction and wear testing device.
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Figure 2. - Comparison of three types of organopolysiloxanes, containing
different amounts of silicon and oxygen, as binders for graphite fluo-
ride ((CFy 1)) Test temperature, 25% load, 1 kilogram; sliding veloc-
ity, 2.6 meters per second; riders and disks, 440C stainless steel; test
atmosphere, dry air (20-ppm Hy0); failure criterion, friction coefficient
of 0.30. (Surfaces were enriched by burnishing additional (CFy 1),
powder onto the film surface; at least five tests were performed on each

composition.)
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Figure 3. - Effect of surface enrichment and application technique on surface condition
of organopolysiloxane-bonded (CFy 1),. Surface enriched with powdered (CFy 1),
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Figure 4. - Effect of surface enrichment and application technique on
lubricating properties of organopolysiloxane-bonded (CFy 1)p,. Test
temperature, 259 C; load, 1 kilogram; sliding velocity, %% meters
per second; riders and disks, 440C stainless steel; test atmosphere,
dry air (20-ppm H,0). (Surfaces were enriched by burnishing addi-
tional (CFy ), powder onto the film surface by using either a cloth
or a doubie hemispherically tipped metal cylinder; at least five tests
were performed on each surface condition.)



Wear life, kilocycles

Friction coefficient

Rider wear volume, m3

5000

1000

.10

.05

10712

S5 OV 00—

m L

«—— No
failure

\\Y N \

(a) Average wear life.

(b) Minimum friction coefficient.

Dry air (20) Moist air (10 000) Dry argon (10}
Test atmosphere (ppm Hy0)

(c) Average rider wear after 60 kilocycles of sliding.

Figure 5. - Effect of atmosphere on lubricating properties of organopolysiloxane-

bonded (CFy 1),. Test temperature, 250 C; load, 1 kilogram; sliding velocity,
2.6 meters per second; riders and disks, 440C stainless steel.
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Figure 6. - Comparison of lubrication properties of organopolysiloxane-bonded (CFy 1)
films and organopolysiloxane-bonded MoS, films which were tested in three different
atmospheres. Test temperature, 25° C; load, 1 kilogram; sliding velocity, 2.6 meters
per second; riders and disks, 440C stainiess steel.
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Figure 7. - Effect of temperature on wear life of three different (CFy 1)n
films. Load, 1 kilogram; sliding velocity, 2.6 meters per second; riders
and disks, 440C stainless steel; test atmosphere, dry air (20-ppm Hy0);
failure criterion, friction coefficient of 0. 30.

Fitm
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Figure 8. - Effect of temperature on minimum friction coefficient of
three different (CF} 1), films. Load, 1 kilogram; sliding velocity,
2.6 meters per second; riders and disks, 440C stainless steel; test
atmosphere, dry air (20-ppm H,0).
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Figure 9. - Comparison of wear occurring to 440C stainless steel riders after sliding for 60 kilocycles against 440C
stainless steel disks coated with six different solid lubricant films. Test temperature, 259 C; load, 1 kilogram;
sliding velocity, 2.6 meters per second; test atmosphere, dry air (20-ppm Hy0). (Data included from ref. 3.)
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