1 'Y OF SOLID FILM LUBRICANTS

By B. D. McConnell
Wright Air Development Division

ABSTRACT

Discussion of the capabilities and availability of solid
film lubricants is presented. Solid film lubricants available
from commercial vendors are of the organic resin-bonded type
and are temperature-limited to about 450°F because of the organic
resins. Most films contain molybdenum disulphide or graphite
pigment. Results indicate these films are capable of 70 hours
continuous operation at ambient temperatures, 80,000 psi load
and speed to 200 ft/min.

Various test devices are discussed as to capabilities,
limitation, etc. Results are presented for various operating
conditions.

Research in high-temperature candidate films is discussed
in detail. Problem areas such as binders, temperature dependency
of some of the pigments, etc., are outlined. Methods and criteria
for selecting possible materials as solid film lubricants are stated.
Design and development of wear life testing machines for high-
temperature and vacuum conditions is presented along with results
of many tests conducted on these films under various conditions.

Results to date indicate lead sulphide (PbS) bonded with
boric oxide (B2O3) is the best solid film lubricant for use at
1000°F. Comparative tests conducted on the Hohman A-6 Tester
indicated a wear life of approximately 14, 000 feet, at 1000°F,
100-pound load and 126 ft/min sliding speed. A conventional
film on this tester gives an average wear life of approximately
40, 000 feet, at 250°F, 200-pound load and 126 ft/min sliding
speed. This film suffers very low wear life at temperatures
below 800°F. This behavior is receiving extensive investigation
at the iresent time. Initial vacuum studies have been conducted
and preliminary results are discussed.

The need for a more fundamental knowledge of the
mechanisms involved with these materials is pointed out.
Present programs in this area are discussed briefly along with
future thinking to bring the fundamental research up to that of
the present developments.

INTRODUCTION

This presentation will survey the general area of solid film lubrication and attempt to
depict the current developments, especially in the high-temperature regions. Changing Air Force
lubrication requirements have generated the need for lubricating media beyond the capabilities of
well known grease and oil systems. The requirements for advanced weapon systems include
reliable operation for long periods of time over a wide range of environmental conditions. These
conditions include wide temperature ranges with operation up to and including 2000°F as well as
environments of nuclear radiation and vacuum.
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TABI 2. CRITERIA FOR ] TING HIGH-TEMPERATUI UBRICATING MATERIALS

A. Minimum melting point of 1000°F.
B. Hardness not greater than 4.0 on Moh's scale.
C. Insoluble in water and common organic solvents.

D. Similar in crystal structure to presently known solid lubricants or
crystal structure that appear to offer a low shear plane.

possible solid lubricants was the determination of friction characteristics. The pellet tester designed

at MRI for high-temperature friction studies has shown good correlation of friction values observed
in wear tests. Figure 9 shows a typical curve for coefficient of friction versus temperature as

determined on the pellet tester. One of the major problems encountered with these high-tempera-
ture pigments has been the lack of consistently low friction at all temperature levels.
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FIGURE 9 COEFFICIENT OF FRICTION OF PBS PELLETS
FIGURE 9. COEFFICIENT OF FRICTION OF PbS PELLETS

The majority of work with these films has been formulation of pigment-binder combinations
which will provide long wear life. Early studies on high-temperature films led investigators to
believe that binders would be a relatively minor problermn due to the availability of ceramic materials
with good high-temperature stability. As actual films are formulated, however, the matching of
the binder to the substrate metal and compatibility with the pigment becomes a major problem.
Various materials such as silicone resin, sodium silicate, sauereisen cement, boric oxide, and
ceramic adhesives have been formulated with various pigments to form solid lubricants. Some
of these, such as the silicone resin and sodium silicate, gave a low coefficient of friction, but

10V high \ the b Wear li for t fi is a » low as shown in
Table 3.7

To date the most promising film developed for operation at 1000°F has been a lead sulphide
(PbS) pigment bonded with boric oxide (B,05). Wear life for this film is outstanding at 1000°F
as shown in Table 4, but it suffers low wear life and high friction at the lower temperatures. 9
This was not anticipated since the data from the pellet test had indicated fairly low coefficient of
friction and good lubricity over the temperature range 80 to 1000°F. This would indicate that the
binder in such a composition is influencing lubricity and wear life to much greater extent than
originally considered. This points out the need for fundamental work in this area to provide a
sound understanding of the mechanisms involved. Various other pigments were tried with BO3,
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pellets were t« ed in the same manner as the pellets of PbS and MoS) only. The friction coefficient
of the MoS,-B,03 pe s ranged from 0.06 to 0. 25 as the temperature was increased from 80 to
1000 Some oxidation of the MoS, was evident and undoubtedly contributed to the observed
increase in friction coefficient. The pellets of PbS-B,03 exhibited a high coefficient of friction at
all temperatures with the friction value increasing from 0. 45 to greater than 1.0 in the temperature
range from 80 to 750°F. Tests starting at 1000°F also exhibited coefficient of frictii greater thar
1.0. Altering the ratios of pigment to binder in the pellets of PbS-B,0O5 indicate the co icient of
friction can be )(wered. A ratio of 12 to 1 lubricant to binder shows a friction value of 0.30-0.35
while ratios of 18 to 1, 9 to 1, and 6 to 1 exhibit coefficients of friction above 0.70 at a tempera-
tures. In contrast to this, wear life test data indicate best results for films of Pb5-B,03 in

ratios of 6 to 1. Here again, as in the bonded studies, is the indication that the binder is playing
an important role in the lubrication'characteristics of these films.

Recently the high-temperature solid film program has been increased in scope to cover
wear life studies of these films in vacuum environments. A vacuum wear tester has been designed
and constructed at the Midwest Research Institute. The tester was designed to operate : 10-5
mm Hg with test specimen temperatures up to 1000°F, loads to 80,000 psi and speeds to 200 ft/min.
Figure 10 shows the drive and loading system. A 3/4 hp DC shunt motor is used to drive the specimen.
The motor is mounted vertically, its weight being supported by a self-aligning thrust bearing. Speed
is continuously variable from 100 to 850 rpm with 3 percent speed regulation for 50 percent change
in torque. Total revolutions are recorded for each test with a digital counter driven by a cam-
operated microswitch. The reaction torque on the motor frame is transmitted to a pair of symmetri-
cally mounted proof rings. One proof ring is equipped with a differential transformer to detect the
strain. The signal of the differential transformer is amplified and recorded during each test. The
output signal is calibrated directly in terms of frictional torque.

Bl LUBRICANT SPECIMEN
B2 MOTOR DRIVE
B3 TORQUE SENSOR

Cl| LOADING SEGMENTS
‘ ‘ C2 LEVER ARM

FIGURE 10. VACUUM WEAR TESTER, DRIVE
AND LOADING SYSTEM

The loading system consists of a multiple lever system which applies a load on the rub
shoes in contact with the test specimen. The loading lever, with a 10 to 1 mechanical advantage,
transmits the load to a flat plate which drives two loadi: rods through O-ring seals in the base
plate to the loading segments. Two self-aligning rub shoes, 180° apart, are held in contact with
the test specimen. The system is designed to transmit loads of 650 lbs to each rub shoe, for
this vacuum equipment.

_ sur films with considerable wear life data in air were chosen for the initial con arative
wear life udies in- = 1.{9) Tests were conducted at approximately I rpm and at press s
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near 5 x 10-6 mm Hg. Table ¢ ows the test conditions d wear life results. (9) The first three
lubricants s v wear livesthat are one-tenth the average values in air. These are graphite films
and the drastic reduction in wear life of the film may be due to the behavior of graphite in an
atmosphere on which the partial pressure of water vapor is insufficient. The wear lives of N >
bonded with BZO3 are comparableto those obtained in air. Several other tests conducted with the
MoS2-B03 film have given similar results.

TABLE 6. WEAR LIFE OF SOLID FILMS IN VACUUM

Temperature, Load, Speed, Wear Life, Avg.Coeff. Avg.Press.,
Lubricant °F 1b rpm rev of Friction mm Hg
Lub E 150 120 100 25, 600 .05 5x 10-6
Lub E 150 215 100 240 .04 3% 1076
Lub A 150 215 100 540 - 5x 10-6
Lub A 150 70 100 36,300 .08 5x10-6
Mo 375 215 100 1,700 .04 5x 10-6
M7 375 215 100 3,200 .06 3x107°
MoS,-B,0, 375 215 100 20,700 .04 5x 1076
(2:1)
MoS,-B,05 575 215 100 900 - 8 x 10-°
(2:1)
MoS,-B,0, 760 215 100 700 .04 1 x 10-6
(2:1)
PbS-B,04 760 120 100 800 0 1x 1076

The three component systems of PbS, MoS2, and B03 have been tested in vacuum with
varying results. The latest of these films have been prepared in an effort to maintain a fixed ratio
of the number of lubricant particles to binder weight. Various combinations were tested at 400,
700 and 10 °F. Films with the greatest ratio of either PbS or MoS; yielded low wear lives at all
temperatures. The best wear life results to date in vacuum (107~ mm Hg) were obtained with the
film ratio of 13:13:2. Two thousand revolutions were obtained at 1000°F, 20,000 at 700°F and
over 200,000 at 400°F.

Ap n conduc W4 on the 3 film has been cor eted. e p: g

was designed statistically to provide data at two levels of temperature, speed, and load. 1inese
tests were conducted on the Hohman A-6 tester. Test conditions were temperatures of 800 and
1000°F, speeds of 200 and 600 rpm, and loads of 200 and 600 lbs. Wear life results were similar
to those found for the resin-bonded films. The analysis of the data is near completion and will be
published in the near future.
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