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SUMMARY

The objective of the program was to develop lubricant-filled nitrile rubber
to obtain low friction and possibly low wear for seawater-lubricated sliding
applications. Limited work has been done in industry on adding solid and/or
liquid lubricants to the elastomers during compounding. Relatively little
data has been published due to the proprietary nature of the work; but, based
on what has been published and discussions with experts in the lubrication

field, it is believed that no systematic study had previously been undertaken.

This is probably the first systematic study to discover what has been done
in the field and to further develop lubricant-filled elastomers.

The base elastomer selected was butadiene acrylonitrile copolymer (per
MIL-B-17901, Class I). Two lubricant approaches were taken. First, an
incompatible and lubricating oil was added in the elastomer during com-~
pounding. As a result of aging, these oils migrate to the surface and con-
tinuously provide a lubricant film. In another approach, the solid lubricant
particles were added during compounding. As the elastomer wears, it will
expose newer solid-lubricant particles. The following solid lubricants were
selected: MoSz, graphite, cadmium oxide-graphite-silver, and other pro-
prietary additives. The fillers ranged in quantity from 5% to 20% by weight.
The compositions were made by three experienced molders based on MTI's

recommendations.

The specimens were subjected to static submersion tests to determine the
geometric stability and compatibility of the elastomers with the operating
fluids (synthetic seawater) at 0°C, 22°C, and 66°C. Based on physical and
mechanical tests of specimens after submersion for two months, changes in
physical and mechanical properties of lubricant-filled elastomers were
comparable to unfilled elastomers within experimental scatter. Therefore,
there was no apparent degradation of the elastomers due to lubricant fillers.
The test specimens were further subjected to friction and wear tests in
synthetic seawater. The kinetic coefficient of friction of lubricant-filled
elastomers (0.015-0.06) was lower than that of unfilled specimens (0.07-0.09).
The wear rates of all specimens were the same within the experimental error

so no judgments of wear rates were made.




Results reported here, while encouraging, are only the first step.

recommended that this work should be continued with other fillers a
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1.0 INTRODUCTION

Elastomers are commonly used in the construction of staves for stave-type
stern-tube bearings in marine propeller-shaft applications. The elastomers
have been selected because of their tolerance to abrasive particles, low
wear in seawater environment, resilience in distributing the load under
misaligned conditions thus preventing seizure, low cost, and easy avail-
ability. Because of the high degree of resilience, elastomers are also
used in lip-type seals (on various ships) and O-rings. Butadiene
acrylonitrile copolymer (nitrile rubber) is a commonly used elastomer for
many of these applications. Because of their wide use, extensive research
has been conducted to study the tribological behavior of elastomers, e.g.,

see Schallamach [1] and Bartenev and Lavrentijev [2].

Audible vibrations or '"bearihg squeal" sometimes originate in water-
lubricated bearings in mariné propeller-shaft applications during operations
at low values of shaft rpm (Padden [3]). Bhushan [4] found that this
undesirable noise was generated by a stick-slip in the rubber at the rubber
surface where it contacts the shaft. As might be expected in a stick-slip
phenomenon, the intensity and the proclivity for the phenomenon was a
function of the coefficient of friction of the rubber surface. Low
coefficient of friction on the rubber surface made it difficult or impossible
to generate squeal. Therefore, the objective of this program was to form-
ulate elastomeric compounds which retain the low-wear characteristics of

the current material while carrying low-friction materials which generate

low-frictiqn surfaces.

It is hoped that the development of low-friction elastomers will also be
applicable to seals. Brink [5] and others have shown that the ultimate

life of the seal is determined by its ability to resist the degrading
effects of heat derived from friction at the seal/shaft interface and by the
rate of wear. Alternate approaches to this problem of reducing the friction

and wear are to:

e Select a new elastomer
e Modify the elastomer by adding desirable ingredients during
molding; e.g., solid lubricant particles, migrating oils, etc.




® Modify the mating surface; e.g., improve finish, try
ceramic coatings, try a porous chrome plate or a thin
layer of fused PTFE

e Change the design to reduce heat buildup and wear.

A program, recently completed by Bhushan and Winn [6] on selection of
elastomers for lip seals for marine propeller-shaft applications, indicated
that there are no elastomers commercially available which perform
significantly better than nitrile rubber; therefore, other ways of obtaining
elastomeric materials having low friction and wear should be explored. One
recommended approach is to add lubricant fillers during molding of
elastomers to reduce friction, interface temperature and, thus, wear during
sliding. The improved materials should also help improve the performance of

other types of seal applications, e, g., eccentric seals.

A number of elastomer samples with lubricant fillers were developed and
tested in submersion tests to ensure there is no degradation of mechanical
properties and in friction tests to determine if friction has decreased.

The results of the research are reported here.

-2-




2.0 SELECTION OF LUBRICANT-FILLED FORMULATIONS

A search of published data was conducted to determine the state of the art. A
number of industrial molders and compounders were also contacted to establish
the industrial knowledge of lubricant-filled elastomers. Based on these

.. findings and on past experience, a number of formulations were selected and

compounded by several suppliers.

2.1 Prior Research

- Only limited work has been done by the industry on adding solid and/or liquid
- lubricants to the elastomers during compounding and, due to the

proprietary nature of the wotk, not much published data are available.
Ksieski [7] stated that the incorporation of graphite, moly-

disulfide, or PTFE in elastomers can significantly reduce the dry friction of
elastomers but no details on the percent additives and percentage of the
friction reduction were giveh. Zaprivoda et al. [8] proposed a method of
applying an antifriction coating to the working seal surfaces. The
antifriction PTFE coating is made in the form of a porous film and is
pressed onto a rubber base in the process of forming the sealing element,
where adhesion of the coating with the base is accomplished by the rubber

mass flowing into the pores of the film and by subsequent vulcanization.

Another work with fillers in elastomers is reported by Theberge et al.

Lo [9]. They added glass fibers to thermoplastic elastomers such as poly-

Y ' urethane and olefin-based rubber to improve resistance to deformation of the
. i - rubber seals. These fibers can be replaced bv lubricating fibers to

improve lubrication of seals.

Nersasian [10] added lubricating oil additives in the elastomers during

compounding for a combination of excellent heat and fluid resistance and
sealability required for many automotive applications. The samples passed

the accelerated aging tests at elevated temperatures.

’ ‘ An extensive computer search was conducted but no additional references were
]

found.




A number of people active and knowledgeable in the field of elastomers were
contacted {11 to 14] and they reported no ongoing programs. They believed
the comprehensive study to explore and develop suitable solid and/or liquid

lubricant-filled elastomers was pioneering and unique.

2.2 1Industrial Contacts

Comments from the companies contacted during the program are listed in Table
2.1. Companies 1 to 11 had some knowledge and/or experience in the field,
but 12 to 17 had none. According to Triolo [15]), 4.5%Z graphite is being

used in seals, and nitrile rubber with graphite fillers have been used in
bearings for industrial equipment. According to Molan [16], nitrile and
Viton samples have been compounded with Molykote and graphite. Kyker [17]
advised that PTFE-filled phosphonitrilic fluoroelastomer has performed better
than unfilled when used as a shaft seal in laboratory testing. Parker Seal
Company commercially makes O-tings with solid-lubricant particle fillers.
0-rings of Neoprene and nitrile rubber have also been developed with graphite
and Mos2 fillers (Eggers [18]). Nitrile rubber bearings with 10% graphite
powder were made for industrial pumps used for cold water and sewage pumps.

No performance data are available (Toth and Brakey [19]).

Dupont is doing work on viton filled with MoSz, graphite, and other
proprietary compositions. Some correspondence from Dupont, considered to be
of general relevance to this program, is included in Aopendix B.

The limited development done in industry has been for specific products and no
systematic development or laboratory testing recorded. There seems to be

limited inter-industry technology transfer.

2.3 Selection of Fillers and Concepts

2.3.1 Solid-Lubricant Additives

A number of solid-lubricant fillers have been developed for plastics which
provide low friction and low wear (Bhushan et al. [20]). Some of the fillers
which are considered suitable for elastomers based on prior experience with

reinforced plastics and lubricant coatings (Bhushan [21]) are:

NEi
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TABLE 2.1

Information from Industries Contacted to Establish
State of the Art of Lubricant~Filled Elastomers

Astro Molding Inc.

RD #1

0l1d Bridge, NJ 08857
L. Triolo

(201-727-2900)

They have compounded nitrile, Viton, Neoprene bearings with 5 to 14% ty-
weight graphite powder to be used in oil and water-oil environment

for industrial equipments. They have also compounded seals with 4.5%
graphite powder.

Minnesota Rubber Company
3630 Wooddale Avenue
Minneapolis, Minnesota 55416
Mr. Robert Eggers
(612-927-1400)

They have developed Neoprene and nitrile rubber O-rings with graphite
and MoS2 fillers.

The Johnson Rubber Company

16025 Johnson Street

Middlefield, Ohio 44062

Messrs. Mike Brakey and W. J. Toth

(216-632-1611)

They have made nitrile rubber bearings with 10% graphite powder for
industrial pumps used for cold water and sewage pumps. No data
are available. They made samples with MoS, but no tests were con-
ducted. Their general concern was the bong of elastomer with
bearing/seal housing.

Irwing B. Moore Corporation
30 Rindge Avenue Ext.
Cambridge, Massachusetts 02140
Mr. John Ebinger
(617-491-0100)

They have compounded nitrile parts with graphite and PTFE powder
for customers. No engineering or performance data are available.
They recommended mechanical locking to improve adhesion problem
either by forming several dovetail on the interface or bolting it
down.

s
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TABLE 2.1 (Cont'd)

International Polymer Services
P. 0. Box 327

N. Brunswick, NJ 08816

Mr. R. Grosman

(201-257-9600)

They have compounded nitrile rubber with 10 parts by weight graphite
powder for transmission shaft seals operating in oil at 300°F.

B. F. Goodrich Company
Engineering Systems Division
500 So. Main Street

Akron, Ohio 44318

Mr. M. H. Wyland
(216-379-2364)

They have made nitrile rubber samples with solid lubricants. They
find that lubricant forms emulsion at interface which hinders film
generation at high speed. PTFE was difficult to stick to the
elastomer.

Acushnet Company

Rubber Division

New Bedford, Massachusetts
Mr. Art Molan
(617-997-2811)

They have worked with nitrile and Viton elastomers with Molykote
and graphite, etc., additives. )

LNP Corporation

412 King Street

Malvern, Pennsylvania

Messrs. J. Theberge and C. Goebel
(215-644-5200)

They have worked with thermoplastic elastomers with additives such
as PTFE, fibers,and silicone fluid. Their approach to lubricants
is different from others. They start with synthesized rubber
pellets, add lubricants,and mold it. After initial synthesizing,
there are enough functional groups left for further polymerization.

E. I. Dupont DeNemours & Company, Inc.
Elastomer Division

Akron Laboratory

4330 Allen Road

Stow, Ohio 44224

Ms. A. C. Zaragoza/R. H. Vanderlann
(216-929-2961)

They have worked with additives such as graphite (KS-2), PTFE (TL-115),

F-5) and silicone oil (Dow DC7-10, Maclube 7808). They found that
PTFE is compatible with Viton. For more details see Appendix B.
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TABLE 2.1 (Cont'd)

Firestone Tire and Rubber Company
Phosphazene Rubber Marketing

1200 Firestone Parkway

Akron, Ohio 44317

Mr. Joseph Beckman

(216-379-4443)

They manufacture phosphonitrilic fluoroelastomer (PNF).
added PTFE to PNF. In dynamic shaft seal testing, these improved
seal materials in oil environment up to 300°F provided low wear.

Parker Seal Company
Lexington, Ky
Mr. J. Hunter
(606-269-2351)

They commercially make O-rings with solid-lubricant particles
which are used in applications such as petroleum products and

water lubrication areas.

Burke Industries

2250 S. Tenth Street

San Jose, California 95112
Mr. D. Kutnewsky
(408-297-3500)

Have no experience in the lubricant-filled

Sealostomer Company
Birmingham, Michigan
Mr. Edward Budzinsi
(313-647-1600)

Have no experience in the lubricant-filled
Minor Rubber Company

Bloomfield, NJ

(201-338-6800)

Have no experience in the lubricant-filled
Connecticut Hard Rubber Company

New Haven, Connecticut

(203~777-3631)

Have no experience in the lubricant-filled
Waukesha Bearing Corporation

Waukesha, Wisconsin

Mr. W. W. Gardner

(414-547-~3381)

Have no experience in the lubricant-filled

o e, ~7-

elastomer

elastomer

elastomer

elastomer

elastomer

area.

area.

area.

area.

area.

They have




TABLE 2.1 (Comnt'd)

I 17, Microdot/Polyseal
Salt Lake City, Utah

- Mr. Gerald Beck

(801-973-9171)

Have no experience in the lubricant-filled elastomer area.
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Powders: _
Molybdenum Disulfide
Natural or Synthetic Graphite
Cadmium Oxide-Graphite-Silver
Powdered PTFE
Powdered Compounded PTFE
Bronze
Silver

Fibers:
Graphite
Kevlar
PTFE

The finest particle sizes of powdered fillers were selected because of the
analogous behavior of carbon. It has been found that very fine carbon black
has greater reinforcing effect on nitrile rubber. PTFE particles can be
etched with sodium compounds (Tucker [22]) before compounding so they are
chemically receptive to the elastomer and result in strong adherence of

these particles to the elastomer.

2.3.2 Incompatible 0il Additives

Another concept pursued in the program was 'blooming'. The incompatible
and lubricating oils are added to the elastomers during compounding. As a
result of aging, these oils migrate to the surface and provide a lubricant
film.

2.4 Preparation of Test Samples

Three companies agreed to make test samples. The base elastomer selected

was butadiene acrylonitrile copolymer, commonly known as nitrile (32-33

percent acrylonitrile, thermoplastic, balance butadiene rubber; acrylonitrile

is added to increase oil resistance and increase hardness), per Mil Spec
MIL-B-17901 Class I (see Appendix A). The companies are listed below with
the compositions made by them:




e !
i
!
s Astro Molding Inc. (Supplier No. 1) i
i
1. Standard nitrile per spec. MIL-B-17901, Class I
- (85-1338).
2. 1Item 1 with 5% migrating lubricant (incompatible oil)
(85-1338 A).
o 3. Item 1 with 5% Dixon #2 medium-flake graphite powder
(85-1338 B).
. 4. 1Item 1 with 10% Dixon #2 medium-flake graphite powder
(85-1338 C). !
*
. Item 1 with 5% CdO-graphite-Ag (85-1338 D).
. . Item 1 with 10%Z CdO-graphite-Ag (85-1338 E).
. Minnesota Rubber Company (Supplier No. 2)
7. Standard nitrile per spec MIL-B-17901, Class I,
(1X876-BS).
8. Item 1 with 20 phr** graphite (0.25 to 0.50 microns)
(1X876-BP).
i 9. 1Item 1 with 5 phr "slippery stuff'" (IX876-BQ).
E 10. 1Item 1 with 20 phr Hb82 (Molykote Z - 4 to 10 microns) ]
b (1X876~BR). !
‘i L e Johnson Rubber Company (Supplier No. 3) i
'? S 11. Standard nitrile per spec MIL-B-17901, Class I. .
J “- 12. Item 1 with 10% graphite #87 superior (0.25-0.50 micron
i particle size).
S | ? i 13. 1Item 1 with 20% graphite #87 superior (0.25-0.50 micron ]
% . particle size). 3
.. 14. Ttem 1 with 10% CdO-graphite-Ag.
15. 1Item 1 with 20% CdO~graphite-Ag.
- 16. Item 1 with 10% Molykote Z powder (4-10 microns particle
size).
17. 1tem 1 with 20% Molykote Z powder (4-10 microns particle
- size).
‘ - *  20% CdO (99.9% commercially pure, particle size - 95-200), 65%
_— synthetic graphite (99.9% pure KS-2, particle size - 2 um), and 15%
Ag (99.99% pure, particle size - 1 to 5 microns).
£ I **%  Parts per hundred parts of base polymer (nitrile).

secHamCAL -10-




The exact composition and molding procedure of the test samples are given

below, if the information was supplied by the manufacturers:

Astro Molding Inc. (Supplier No. 1)

No further details on the compositions or molding procedure were provided by

Astro Molding Inc.

Minnesota Rubber Company (Supplier No. 2)

The composition of the materials which were sent by Minnesota Rubber Company
was identical for all with the exception of the internal lubricant. The

formulation was as follows:

TQOTAL PARTS
PER HUNDRED PARTS OF
INGREDIENT DESCRIPTION o BASE POLYMER (PHR)
Acrylonitrile
Butadiene Copolymer ACN 40.0% 100.0
Carbon Black N-774 Particle size 60.0
Carbon Black N-550 Particle size 40.0
Zinc Oxide —— 5.0
Stearic Acid —— 0.5
Sulfur —— 0.5
Mixed Alkyl Thiram —— 2.0
N-Cyclohexyl~2~ )
benzothiazole
sulfenamide —— 2.0
Di(2-ethylhexy 1)
Phthalate —— 5.0
Polyethylene " Low molecular weight 2.0

All compounds werc mixed on a laboratory-size internal Banbury mixer. The
ASTM test specimens werc molded for 20 minutes @ 300°F at 5000 psi pressure.
The ASTM test plugs were molded for 40 minutes @ 300°F at 2000 psi pressure.

s = -i-




Johnson Rubber Company (Supplier No. 3)

The following information was supplied by this supplier:

1. Composition of Buna "N" (per MIL-B-17901 A) nitrile i

compound to meet this spec. Composition - proprietary.

2. Molding procedures - tensile slabs cured in mold - 20
minutes @ 320°F; adhesion pins (rubber only) - cured
in mold 30 minutes @ 320°F.
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3.0 EXPERIMENTAL RESULTS AND DISCUSSIONS

3.1 Description of the Tests

} 3.1.1 Static Material Submersion Tests

. These tests were designed to determine the geometric stability and compati-
bility of the elastomers with the operating fluids, synthetic seawater in
operating temperature range. Shore hardness, tensile strength. and
elongation were also measured to determine any strength degradation as a

result of submersion tests.

Test Temperature: Elastomers, in general, are not good heat conductors.

s When these materials rub against other materials under load, the frictional

heat generated at the interface builds up and, depending on the load,

speed, and coefficient of friction, may increase the interface temperatures
considerably. If the rubbing interface is submerged in a good heat-con-
ducting environment, namely seawater, the heat buildup will be dissipated
and interfacial temperatures will remain moderate. Since many elastomers
have poor geometric stability and compatibility with seawater and result

in strength degradation at relatively low temperatures (65-125°C) under

- continuous use, the effect of interface temperatures must be given serious
.- consideration.

ok The ships and other sea transport vehicles sail from north arctic to

- tropical seas and must operate in seawater temperatures from close to the
— freezing puint (~-2°C) to 30°C (85°F). Considering the frictional heat

TR

generated, the interface temperature, especially under misaligned conditions,

:I. could be higher than 66°C (150°F) for a short duration. A majority of the
time, the ships are in the temperature range of 15-27°C (60-80°F). There-
:[‘ fore, three temperatures were selected for the submersion tests: 0°C (32°F),
22°C (72°F), and 66°C (150°F).
‘ Specimen Size: The test specimens for geometrical stability and hardness
' 1 measurements were made per ASTM Spec. No. D471-75. The specimens were
| rectangular having dimensions of 25 by 50 by 2.0 + 0.1 mm (1 by 2 by
= IECHANICAL «13=-




0.08 *+ 0.005 in). Two specimens of each material were put in each test to

get some indication of repeatability.
The ASTM tensile specimens were made for tensile strength and elongation
tests. Three specimens of each material were put in each test to get some

indication of repeatability.

Test Equipment: The test equipment consisted of a glass container with a

cover. A rack was made of Inconel foils to set the specimens individually.
For 66°C tests, a heater with temperature control system was used. For
0°C tests, the glass contairer was placed inside a freezer and the

temperature was periodically checked.

*
The specimens were fully submerged in synthetic seawater (per ASTM
D-1141-52). Synthetic seawdter has to be aerated in order to keep salt
dissolved in the water. The seawater during tests was aerated by a fish

tank pump.
The tests were run for a period of two months.

Measurements: The shore hardness, weight, volume, tensile strength and
elongation of the specimens were measured in the beginning and after two
months. The specimens were periodically examined for any apparent
deterioration. The shore hardness type A was measured. The volume of the
specimens was calculated from weighing them in air (Wa) and when submerged
in water (ww). W - ww

Volume =
%

where pw is the density of water.

* Major constituents of sea salt are: NaCl - 58.49%, MgCl2 .6 HZ

NaZSOA - 9.,75%, CaClz-2.77Z, KC1l - 1.645%, NaHCO3 - 0.48% and KBr -

0.24%Z. The sea salt is mixed in water in the proportion of 41.92 mgs/

liter.

0 - 26.467%,
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The weight measurements were made with an electronic balance with an

accuracy of + 0.1 mg.

The tensile strength and elongation measurements were conducted using

standard test machines.

3.1.2 Friction and Wear Tests

Test Apparatus: A unidirectional continuous sliding test rig was used to

conduct friction and wear tests in synthetic seawater. In the test rig,

the elastomer pin specimen rubbed against the circumference of a rotating
cylinder. The pin was loaded by dead weights and the cylinder (disc) was
rotated by a variable speed motor. The cylinder and the pin were surrounded
by a container made of plexiglass which was filled with synthetic sea-
water. The frictional force was measured by a strain-gage load cell. The
output of the load cell was fed to a Chart Recorder and a continuous trace
of the frictional force versus time was obtained. The rate of wear was
obtained by measuring the change in the length of the pin with a dial

indicator.

Since the frictional heat dissipated at the rubbing interface heated up
the water, a stainless steel coil was placed in the container and the cold
water was circulated through it during the experiment to maintain the
water temperature close to room temperature, 22°C - 27°C (72°F - 80°F). A
photograph of the test rig is shown in Figure 3.1. A schematic of the

apparatus is shown in Figure 3.2.

Test Specimens: The rotating member was a round cylinder (disc) with 50 mm

0. D. and 25 mm wide (see Figure 3.3). The 0. D. was ground to a typical
surface roughness of a marine shaft (0.40 um). The cylinder was made of
marine propeller shaft material -~ 70% Cu - 30% Ni per Mil-C-15345G, Alloy
24 (casted).

The tips of the test pins were made of the elastomers to be tested. The

clastomers were molded in place on the pins. In some cases, the elastomer

was glued to the metal) backing with an epoxy. A dovetail was provided on

=15-
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the pin to provide elastomer lockine. The radius on the elastomer tip was
conforming to the disc (see Figures 3.4 and 3.5). A radius was also eiven

to the pin base in order to provide the uniform thickness of the elastomer,

Photographs of the pin and cvlinder are shown in Fisure 3,6,

Test Procedure; The static and dynamic run-outs of the discs were con-

trolled to 7.5 um (0.0003 in.). The stern~tube bearings are designed to a
stress of 0.28-0.35 MPa (40-50 psi). Since the bearing-squeal typically
occurs at 5 to 10 rpm on a 460 mm diameter shaft (Padden [3]), tests were con-
ducted slightly above that speed. The conditions selected for the test

were 0.35 MPa (50 psi) and 140 rpm (0.37 m.s_l). The test duration was

24 hours. The selected materials were tested at the additional stresses

of 0.18 and 0.7 MPa and speeds of 70 and 210 rpm (0.18 and 0.55 m.s_l) to
study their influence on the coefficient of friction.

The following measurements were made and data taken on the test samples

in the experiments:

e Length of the pin before and after tests for calculating total
wear of polymer

e Outer diameter of the cylinder before and after test for
calculating total wear of disc

e Transverse surface roughness of the cylinder before and after
tests

e Record of normal load and surface speed

e Static and dynamic run-out of the cylinder

® Change in length of the pin and radius of the cylinder during
experiment with dial indicator every four hours for calculating
wear rate

e Kinetic frictional force versus time during test at interval
of every four hours

® Photographs of the worn surfaces for record wherever necessary.

— WECHANICAL «19-
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Fig. 3.6

Cylinder and Pin
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3.2 Test Results and Discussions

3.2.1 Static Material Submersion Tests

As mentioned earlier, the static soak tests were conducted at 0°C, 22°C,
and 66°C submerged in synthetic seawater for two months. The properties

measured were: weight, volume, hardness, tensile strength, and elongation

changes.

The change in properties during tests are presented in Table 3.1. The
samples after 0°C tests showed no significant weight and volume changes;
in all cases it was less than 0.17% which is within the experimental error.
The weight and volume changes at 66°C were higher than at 22°C as one
would expect. The samples having migrating liquid lubricant (2 and 9 in
Table 3.1) showed lower volume change but higher weight changes.

Hardness, tensile strength and elongation changes of lubricant-filled
elastomers were comparable to unfilled elastomers. Scatter found in
tensile strength and elongation data was responsible for the higher changes
recorded. Samples with migrating lubricant (from Astro Molding) and with
"slippery stuff" (Minnesota Rubber Company) had slightly more tensile
strength loss and elongation change thaun others, probably because with oil
fillers, there is a poorer molecular bond between the polymer and oil than
polymer and graphite, etc. Samples with Cd0-graphite-Ag generally had
higher strength than samples with other fillers.

Most samples were unchanged in their physical appearance after soak tests.
Only samples numbered 11 to 17 (Table 3.1) after 66°C tests had some change;
i.e., a white deposit film which could be scrapped off easily (Figure 3.7).
No significance was attached to the film.

Test data showed that changes in the properties measured of lubricant-
filled elastomers were statistically comparable to unfilled elastomers.
Therefore, there is no apparent degradation of the elastomers due to
lubricant fillers. All elastomers were recommended for friction and wear

tests.
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Fig. 3.7

Test Samples After Submersion Test
(Item 2, Table 3.1)
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3.2.2 Friction and Wear Tests

All seventeen elastomer samples were tested against 70 Cu - 30 Ni cylinder
in seawater at 0.35 MPa and 0.37 m.s'1 (140 rpm) for a test duration of 24
hours. The kinetic friction data are presented in Table 3.2. The measured
total wear (25-35 um in 25 hours) of different pins was within the experi-
mental error so no discrimination could be made of pin materials based on
the wear. Tests for longer duration have to be conducted in order to
determine wear. Primarily, the objective here was to develop a low-friction

material.

The surface roughness of the cylinders after test did not change. In each
case the pin surfaces were generally polished and shiny. In some cases the
solid-lubricant particles could be seen on the pin surface (Table 3.2 and
Figure 3.8). 1In tests of nitrile rubber with 5% migrating lubricant, the
lubricant oozed to the surface after the pin was allowed to sit for a few
hours (Item 2, Table 3.2). 1In tests with 5 phr "slippery stuff" a distinct
white layer of the "slippery stuff" was formed after the specimen was allowed

to sit overnight (Item 9, Table 3.2).

In each case there was a slight deposit on the cylinder surface of either
eiistomer constituent or from the cylinder's reaction with seawater (see

Figure 3.9 for typical appearance). This was not considered significant.

Friction coefficients were found to start out high and, as they ran, went
down steadily, reaching a plateau afte about four to six hours (e.g., see
Figure 3.10). The friction coefficients reported here were rather low

(< 0.1 in all cases) which is due to boundary lubrication effects. Kinetic
friction with solid-lubricant impregnated with elastomers was noted to be
lower than that of standard elastomers. The specimens having migrating
lubricant (Item 2) supplied by Astro Molding, specimens having "slippery
stuff” (Item 9) supplied by Minnesota Rubber Company, and also specimens
having CdO-Graphite-Ag (Item 15) supplied by Johnson Rubber Company had
lower friction than others supplied by these same companies. Increased

addition of lubricant fillers resulted in slightly lower friction.
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After Test Against Nitrile Rubber with 5% Cd0-Graphite-Ag

Fig. 3.9 Optical Micrographs of Cylinder Surfaces
After Tests Against Elastomers (Astro
Molding) as Indicated
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Fig. 3.10 Kinetic Coefficient of Friction vs Time Curve

for Nitrile Rubber with 5% Migrating Lubricant
(Item 2, Table 3.2)
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There is a potential disadvantage of using liquid lubricants because the

lubricant due to surface migration may be used up after some period.

PV Tests: The additional tests were conducted at normal stresses of (.18

and 0.70 MPa at a speed of 140 rpm and at 0.35 MPa at speeds of 70 and 210
rpm on selected specimens. These were: Standard nitrile rubber, Standard
with 10%Z CdO-graphite-Ag, and Standard with 5% migrating lubricant
supplied by Astro Molding. At the test conditions, the coefficient of

friction was independent of both stress and speed.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

4.1 Conclusions

Static submersion tests showed that the weight, volume, hardness, tensile
strength, and elongation changes of the lubricant-filled elastomers were
comparable to unfilled elastomers after submersion tests of two months at
0°C, 22°C, and 66°C in snythetic seawater. Therefore, for at least that
period of time, there is no material degradation in seawater submersion

due to fillers in the elastomers. Friction tests indicate that the kinetic
coefficient of friction of lubricant-filled elastomers (0.015-0.06, varying
from one filler to another and from one supplier to another) was lower than
that of unfilled elastomers (0.07-0.09). Elastomers with higher concentration
of lubricant fillers generally had slightly lower friction that those with a
lower concentration of fillers. Stress and speed had no influence on the

coefficient of friction in the range tested.

It has, therefore, been demonstrated that the coefficient of friction of
elastomers during sliding can be reduced by adding lubricants during com-
pounding. The lubricant fillers have no adverse effect on the physical

and mechanical properties during long~term seawater submersion.

4.2 Recommendations

Preliminary work done in the program indicate that lubricant-filled
elastomers lead to lower friction. This work should be continued. The
concept of migrating lubricént should be further developed by using
different types and percentages of incompatible oils. The supply of oil
in the elastomer may be used up after some period. A study should e con-
ducted to determine its useful life, Addition of different grades of MoS2
and graphite mixtures should be further investigated. No study on PTFE
powder, bronze powder, or graphite fiber could be done in this work due

to the limited scope of this program; this study should be performed. Some
thoughts on methods of improving the bond of PTFE powder with elastomers

are given in this report.

The lubricant fillers should be added to elastomers other than nitrile which
are used in bearing and seal applicationms.

== e
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1_ The addition of lubricants may result in an elastomer-metal-backing bond
problem in bearing systems. This can be prevented by a number of ways,

e. g.,by having dovetails on the metal surface to provide elastomer locking; by
bolting the elastomer to the metal surface, or by bonding elastomer to
nonmetallic (plastics or rubber) backing. The lubricant addition could

also be graduated so there is more lubricant near the sliding surface and

none near the elastomer-metal backing interface. This may minimize the

- bond problem.

The lubricant-filled elastomers developed here should be tested for noise J
generation in the squeal test rig (see Reference 4) for comparison with
that of unfilled elastomers.
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APPENDIX A

Military Spec. MIL-B-17901
Class I for Nitrile Rubber Bearings
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CR. BHARAT Biic .. AN

QUALIFIED PRODUCTS LIST

OF

QPL-17901-17
6 August 1969
SUPERSEDING

GPL-17901-16
30 April 1969

PRODUCTS QUALIFIED UNDER MILITARY SPECIFICATION

BEARNG SOFCHDITS, SCNTED SUNTHETIC AUI3ER, WATER LUBRICATED

MIL-3-17901

Clarv 1

This list has Deen prepared {or use Uy or (ur the Covernment 18 the procurement of products covered by the subject specufication and such histing of 3 pruduct s
ot irtended (o and does not connole Indarsement of the pruduct by the Degartment of Defonsa. All products listed heeein hive been qualllied under the requirements
fcr e product a8 speciied in the latest effective 1saue of the applicable specyfication, This list is subject to change without avtice; revision ur amendment of this
et wul %¢ 154.0d 23 necessary, The listing of 3 peaduct does nut release the supplier {rom compliance with the specification requirements. Use of the tnformation
shown hereon for advertisirg »e publisity purpuses 13 expressly forbidden,

Tha activity respunsible for this Qualifird Products List s

taval Ship Enginesszin,

% Centar

687 OQ
GOVERNMENT MANUSACTLRSE'S w‘:’,,ci"o“ MANUSACTURER'S NAME
DESIGNATION DESIGNATION REFERENCE AND ADORESS
Class I 2yron-Jackson Ryron-Jackson Syron-Jacksen Tools , Ire.
Carpound T3€ pt. MCI6T2, Sor3-Jaraer Corp.
dtd. 26 May 1961 P. 0. 3ex 27C9
Terminal Annex
Los Angeles, Calif. 30C%4
Plant: 19C3 . 63ch Street
Los Angeles,
Calif. 90001
Class [ Johnson Ruster Co. Johnson Rubbar Co. Johnson Rubber Co.
(Stave type) Lab, Rpt. dated Marire Products Sivisior ®
25 Qctober 1963 222 /ire Street
Middlefield, Ohio
Plant: Same addrass
Class 1 XK-%4 (Buns %) EES<C-2719-8 L. Q. Moffitt, Inc.
P. 0. Bex 1418
. Akzon, Onioc 44209
. Plant: B. F. Geodrich Co.
Akron, Chio
|
Class I Stiliman Rubber Co. Cresskill/Stillman Ruober Corp.
Compound SR322-8% Rpt. #1309, dtd 1$6-2C0 Forest Avenue
9 April 1962 Enqlawoed, Y. J. 07631
Plant: Same address
Class ! Naukesks Stave Flrestons Industrial W¥aukesha 3earings Corp.
Searing #330-301, Products Co. Comrerce and Pearl Streets
utilizing Firestons Rpt. of Waukesha, #isc. 53187
Compound 93129 23 Mazzh 1939 Flant: Firestore Ingustrtal
Products Co.,
Noblesville, Ind.
Class I West American Aest Amarican Aest American Audke: To.

“Rubbwr Cempeund
909143

L

Rubber Rot.
191, 1/20/43%

750 N. Maia S,
Orange, Callf, 92667
Plant: Same address

1eof 2
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MANUSACTURER'S
CESIGNATION

TEST OR
QUALFICATION
SEEERENCE

MANUFACTURER'S NAME
AND ATORESY

Ciass 11

lass U

Class 11

Class IT

20f 2

gt nson Fuiter Co.
%o. 2213

Waukeshs Full
Yolded Searing
with Firestons
Conpound 93242

West American
Rubber Compound
70P123

ren seoma
TTT OLALET

Jatrsor Putter Co.
Apt. of 27 Jan. 1961

NYH Mat. lab. 4921-)

Firestore Industrial

_ Treducts Co.

Rpt, of 4 Jan. 1960

West American
Rubber Rpt.
192 1/20/69

sgrson Toels, Inc.
3-warrer Corp.

F. C. Zox 2709

Termingl Annex

los frgelee, Talif, G2I04
Flantt 1902 £, £% Sireet
ccs argeles,
Talif, QL0601

t.e Jcrreor. Fuiler Co.
tarine Frojucts Civision

' efield, "hio
Plart: Same aiiress

L. G Moffitt, Inc.

P. O. Sox 141%

Akron, Chio <4309

Flant: B. F. Goodrich Co.
Akron, Ohie

%aukesha Searings Corp.
Correrce and Fearl Sireets
Wauvkeska, Wise, 53187
Plant: Firestone Industrial
Products Co,
Koblesville, Ind.

West American Rubber Co.
750 N. Main. St.

Crange, Calif. 92667
Plant: Same address




MIL-B-179215{3HIP3)
AMENOMENT - 3

3 June 1966

SUPESSEDINCL/
Azendz=ept - 2
28 Cetobar 196Z

MILITARY SPECIFICATION
BEARING CLMPOKINTS, SINDED SINTHETIC
AUSEEIR

, WATIR LUBRICATZ

Page 3: Add as paragraph £.1.1

“L.1.1 Inscection gvstez recuirezants.- Th2 suprlier shall provide arni
zz2intain an insgpection sysiez accepteble to the Government. The inszecticn
system rejuirezents shall be in accordance with MIL-I-45208. The supplier
is in no way relieved of the final respornsibility to furnish bearing comgzons:ite
z2eting the reguirements of this specification.”®

Page 5: Add as paragraph 4.6:

",.6 Quelification continuance tests.- Qualification contiruarcs tsstis
shall be conducted at a laboratory satisfactory to ths Navel Snip Enginssring
Ceater (NAVSEC) and shall corsist of the same tests and proceiires sgecifisi
for the qualification tests in 4.2. Three copies of the gualificstion
continuance test reports shall be forwarded to NAV3EC, Actiorn to meinszin
the apprcval of the material will be taksn by RAVSEC on the basis of ths
test results. If qualification continuance test results are not receivad

before the expiration of five years from the date of a qualilfizztion or
prior qualification continuance test agproval, such apcroval will be wizhirzum,
and the product removed from the Military Qualified Prod.cts List."

Pregsring activity:
Navy - 3H
(Projsct 313C-NlTL3E)

l/c.;nass FROM PRzZVIOUS ISSUZ, THE OUTSIDE MARSINS OF T4IS DCCUMENT HavE

MARKED "#" TO INDICATE WHZ-E CHANGES (DELETICNS, ADDITICNS, ETC.) PRI T4T
PREVIOUS ISSUE HAVE BEEN MADE, THIS HAS BEZN OGNE AS A COLVENIZICT uilf aud
THE GOVERNMENT ASSUMES NO LIABILITY WHATSOEVER FOR ANY INACCURACISS IN CHZi:

NOTATIONS. BIDDZRS AND CONTRACTORS ARE CAUTIONED TO EVALUATE THE RELTRE-
MENTS OF THIS DOCUMENT BASED ON THE ENTIRE CONTENT AS WRITTEN IRAESFICIIVE
OF THE MARGINAL NOTATIONS AND RELATIONSHIP TO THE LAST PREVIOUS ISSUE.

FSC 3130

A-4




MILITARY SPECIFICATION
BEARING COMPONENTS, BONDED SYNTHETIC RUBBER, WATER

LUBRICATED

1. SCOPE

1.1 Scope. - This :PvClllC'lthn covers both stave and full molded type synthetic rubber faced me:sl
backed L=arings.

1.2 Classification. - Bearings shall be of the {ollewing classes. as specified {see 6. 1)

Class I - Stave type.
Class IT - Full meided type.

2. APPLICABLE DOCUMENTS

2.1 The following documents of the issue in effect on date of invitation {or bids or rejuest for prozrszl.
form a part of this specification to the extent specified herein.

SPECIFICATIONS

FEDERAL
QQ-B-621 - Brass; Castings. Leaded Yellow
QQ-B-€37 - Brass, Naval: Rod, Wire. Shapes, Forgings, and Flat Products With Finished
Edges (Bar, Flat Wire. and Strip)
QQ-B-639 - Brass. Naval: (Flat Products) Plate, Bar, Sheet and Strip

MILITARY
MIL-C-15345 - Castings, Non-Ferrous, Centrifugal
MIL-B-16541 - Bronze, Valve: Castings
MIL-M-16576 - Metal, Gun: Castings

STANDARDS

FEDERAL
Fed. Test Method Std. No. 601 - Rubber: Sampling and Testing
Fed. Test Method Std. No. 791 - Lubricants, Liquid Fuels and Related Products: Methods of
Testing

(Copies of specifications, standards, drawings, and publications required by suppliers in connection
with specific procurement functions should be obtained from the procuring activ ity or as directed by the

contracting officer.)

2.2 Otherpublications. - The following documents form a part of this specification to the extent
specified herein. Unless otherwise indicated. the issue in effect on date of invitation for bids or request

for proposal shall apply.

OFFICIAL CLASSIFICATION COMMITTEE
Uniform Freight Classilication Rules.

(Application for copies should be addressed to the Official Classification Committee, 1 Park Averue at
33rd Street, New York 16, New York.)

| peympsa——
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-B-1T3314 SHIPS
3. REQUIREMENTS

3.1 Qualification. - Bearings furnished under this specification shall be a product

3 which has passed
the qualification tests specified herein and has been listed or approved for listing on the applicable quali.
fied products list. . .

3.2 Bearing material. - Bearing mater:al covered by this specification shall be a syatketic rubler
compound.
3.2.1 Physical properties. - The material shall conform to the following phvsical requirements:
{a) Before aging: ST
Tensile strength, minimum, pounds per square inch. . .. ..... e l?gl
Uitinate elongation, minimum. percent . ......... ... ..... .. 150
o) Hardness.- Inivial hardaess shail be as ollows:
Class I -85 - § points, durometer, inszantanenus.
Class II - 70 = 5 points. durcmeter. instarianecus,
(c) After ajing. - After being subiected 0 the oven aging rest spscif
marerial shall not vary more than 23 percent from the in ile
elorgsazion.
3.2.2 Mletal parts.- Meral parts for class I bearings shall be Nava; brass in accordance with QQ-E-
8§37 or QQ-B-839. Mae:al pares for class II bearings shall be casting or tubing as specified in 3.2.2.1. and
3.2.2.2.
3.2.2.1 Casting. - Casting shall be one of those specified in table I.
’ Table I - Castings

h T ] 1
! i Centrifugal ! Static |
! Material ‘ castings i castings i
- Gun metal : MIL-C-15345 © MIL-M-16376 |
iNavalbrass . MIL-C-15345 . QQ-B-621 j
{X’alve bronze | MIL-C-15343 i MIL-B-16341 '

3.3.2.2 Tubing.- Naval brass tubing shall conform to the chemical requirements of QQ-B-£37 or

AW-B-639.

3.3 General requirements. - Type, form, style, design, and dimension tolerances shall be as speci-

fied (see 6. 1),

3.4 Adkesion. -

3.4.1 Before aging. - The adhesion of the rubber

material to the metal backing shall be not less than
40 pounds when tested as specified in 4.5.3.

3.4.2 After aging.- The achesion of the rubber material to the metal backin

g after oven aging speci-
fied in 4.5.% skall be not less than 30 p: 2nds when tested as specified in 4. 5. 3. .

3.4.3 After oil immersion. - The adhesion of the rubber material to the metal backing after oil immrer-
sion as specified in 4.5. 7 shall be not less than 20 pounds when tested as specified in 4.5. 3.

3.4.4 Delamination. - Rubber material shall show no evidence of separation into distinct layers or
laminations when tested as specified in 4. 5. 4.

3.4.5 Volume change. -

3.4.5.1 Water immeFsion. - When immersed in water, the volume of the rubber specimen shall not
increase more thanC" percent when tested as specified in 4.5.3.1.

—
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3.4.5.2 Qil immersion. - When immersed in oil as specified in 4.5. 7. the volume of the rubber speci-
men shall not increase more than 5 percent when tested as specified in 4.5.5. 2.

3.4.6 Performance.- The rubber material shall be capable of passing the performance test for wear.

fricticn, and noise characteristics specified in 4.5. 8.
4. QUALITY ASSURANCE PROVISIONS

4.1 Responsibility for inspection. - Unless otherwise specified in the contract or purchase order. the
supplier is responsible for the periormance of all inspection requirements as specified herein, Except as
ctherwise specified, the supplier may utilize his own f{acilities or any commercial laboratory accepiable to
ent, The Gevernmient reserves the right to perform any of the inspecticns set forth in the spec-

A inzpectiins are deemed recessary to assure supplies and services confirm o pre-

Qualificancn tests. -~ Qualificarion tests shall be conducted at a laberz satisfaciory 1o the
5 of Stips. Quaiification tests sha!l be conducted on each class and shall consist of the tests spcar-
.3,

4.3 Quality conicrmance inspection. - R
4.3.1 Lot. - All bearings of the same class and size. having meual parts conforming to the same speci-
fication and oifered for delivery at one time shall be considered a lot.

4.3.2 Sampling for examination. - Sample bearings shall be selected at random from each lot in

accordance with taole I 'and stdiectad to the examination of 4. 4.

Table II - Sampling for examination
(AQL (approx.) = 1.5 percent defective.)

i . Sample size | Acceptance .  Rejection |
§ Lo:{s:’zeea:i\;r;:er . nurzr‘:ber to : number : number |
. be inspected (defectives) : (defectives):
) I : i
15 and under ;| 1 ) 0 ; 1 i
16 to 40 10 ; 0 ; 1 :
i 41 to 110 15 i 0 ; 1
! 11110 300 25 z 1 : 2
| 301 to 500 35 : 1 | 2 l
i 501 to 800 50 I 2 ! 3 ;
{ 801 to 1300 75 i 3 : 4 i
{ 1301 and over 110 i 4 i 5

4.3.3 Sampling for tests. -

4.3.3.1 Class I(stave type). - Two staves at least 24 inches long shall be made from samples selected

© from each lot and subjected to the test specified in 4. 5.1 through 4.5.4, and 4.5.6.

4.3.3.2 Class II (full molder type). - One bearing at least 24 inches long shall be made from sampies
selected {rom each Tot and subjected to the test specified in 4.3.1 through 4.5.4. and 4.5.6.

4.3.3.3 Sampling for performance test. - When required by the Bureau or agercy concerned. a suitable
bearing assembiy or test specimen, or both, shall be selected and subjected to the test specified in ¢.5.8.

4.4 Examination.- Each of the sample bearings shall be examined to determine conformance with the
requirements of this specification not involving tests. Any bearing containing one or more defects shall not
be offered for delivery and if the number of defective bearings in any sample exceeds the acceptance number

for that sample, the lot represented by the sample shall not be offered for delivery.

1
-/Agplzicatlo: ;or Qualifted tests shall be made in accordance with "Provisions Governing Qualification™ (see
.2and 8.2.1). ‘

A-7
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4.3 Tests. -

4.5.1 Tension and elongation. - 3/ Straight type test specimens shall be tested for tensile strength and
elongation in accordance with methods 4111 and 4121 respectively of Federal Test Method Standard 501.

4.5.2 Bardness. - The insianianeous durometer hardness test shall be made with a Shore type A du-
rometer in accerdance with method 3921 of Federal Tes: Method Siindard 801,

4.5.3 Adhesion. -

4.5.3.1 Class 1 speciniens.- Two 6 inch long specimens shall be cut from the sample staves. Two

itudiral cues. 1 inch apart. shall be made in the ceatral portion of the sxnathetic rubher face
e The 2xcess rutber on the =dges of the bearing shall be care-
ng a l-inch wide roblier sioip approsimacely in the center of the bearing sirip.

.- Two 6 inch jong spsiimens shall
tfficiently wide, specimzns 1 inch wi
be cut the “width of the land and afheszion value correcied to allcw for the

.-
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4.5.3.3 Two specimens shall be tested, and the value for aizesion shall be the average tensicn re-
quired %0 cause separation of the synthetic rubber material {rom the backing of each specimer at a jaw
speed of 2 inches per minute. The machine method 8031 of Federal Test Method Standard No. 501 shall be
used. The average adhesion shall be determined from the autographic chart omitting the initial load build-
up portica, where the elastomer is 2longated without being stripped {rom the backing. If, during the test,

12tic rutber sirip starts to tear insiead of stripping {rom the backing, the strip shall be cut with a

sharp kxif2 to the interface and the test continued. If the strip persists in tearing instead of sazarating
irom the backing, the average Joad at which tearing occurs shall be reporied with a notation with respect to
the type of failure. If the tear strength of the strip is less than the specified minimym adhesive sirength,
the sample shall be considered to have failed specification requirements. In the event that the average ad-
hesive strength of the specimens fails to meet the specification requirements by less than 20 percent, two
additional specimens {rom the same sample shall be tested. If either of these two specimens fails, the
sample shall be considered to have failed specification requirements.

4.5.4 Delamination.- The delamination test shall be in accordance with the method 6311 of Federal
Test Method Standard 601 except for specimen size. Specimens shall be 3 inches by 1 inch by thickness of

the rubber facing for class I. In class IT, specimens shall be 3 inches by width of land by thickness of the
rubber facing.

4.5.5 Volume change. -

4.5.5.1 Water immersion.- The volume change test shall be in accordance with the method 6211 of
Federal Method Standard 601, except that the period of immersion shall be one week.

4.5.5.2 Oil immersion. -

4.5.5.2.1 Test specimens. - Three specimens shall be used, and the result averaged. The test speci~
men shall be 1 inch by % inches by 0.07 to 0.09 inch.

4.5.5.2.2 Procedure.- The volume of each test specimen shall be measured by the water displace-
ment method, in which the specimen is accurately weighed to the nearest milligram in air (W;) and in

Y Unless otherwise indicated in the test method, no tests shall be conducted prior to a conditioning period of
4 hours at room temperature. Sample preparation may be undertaken withcut regard tothis time interval.

:-‘-’Samples of the rubber material shall be furnished by the manufacturer for the tensile and elongution and
before and after aging tests as specified in 4.5.6. Two specimens, 8 inches by 6§ inches by G.075 inch
thick, identical in composition, and prepared at the same time {rom material used in bearings offered for
delivery and subjected to equivalent cure, shall be tested.
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distilled water (Wp) at room temperature. When weiphing in water, care shall be tzken that the specimen
is free {rum achering air bubbles, and, if necessary, it may first be wetted by dippinginto 95 percen: ethyl
alcohol and then thoroughly. rinsed with distilled water. After weighing, the specimen shall be bloited drv
with filter paper, completely immersed in 100 milliliter (m?) of 0il, and conditioned for 46 hours, 14
hour, at roum teénm:perature {177 to 87° Fahrerheit (F.)). At the termination of the immersion period, the
specimen shall be remcuved from the oil digped in 93 percent athyl alechol, bottled lightly with filter paper,
and riaced in a tared weighing bottle ard weighed (W3) The specimer shall then be renicved {rom the
bottle and weighed in distilled water (W,) in mmedu.e consecutive prucedure to datermire the dispiace-
ment after test. The final weighing sh 11 be completed within 3 minutes after removal from the oil.

3.5.2.3 Calculation. - The increase in volume shall be calculated as follows:

(Wg - W) - (W1 - Wy)

Percentage increnss: in volume = it e e e o= X 100
(\vl - \\'2)
4.3.8 Aging tesi.- Specinmens {or taasion, elirgaticn anc azhesicn tesis shal
aging test by s2bjscting them to dry circ.lating air at a tem: eratire 511587 - 2°F. -
(c. )‘ for 96 hours. Firal determiratisn f a. sed tension~test specimens shall be made net less than 20
heurs or more than 38 hours aller remocval {rom the oven. Tension tesis on unaged specimens shall e
made immediately prior to, ard on the same t.pe of msachine as, the tension tests on the aged specinmiens,

4.5.7 Oil immersion. - Specimens {or the adhesion and volume change tests shall be condxt cned for
46 hours, = 174 hour, at room temperatire (77° - 87°F. ) in a petroleum base o0il 2 with the followi ing prop-
erties, as sc:cxf;ed in Federal Test Methcd Standard 791.

(a) Viscosity, Saybolt Universal: 153 - 5 seconds (measured at 100°F, ).
(b) Aniline point: 157.1° - 1.8°F.
{c) Flash point: 330° - 5°F.

Adhesion measurements shall be made within 30 minutes after removal from the oil.

4.5.8 Perf{ormance test. -- When required by the bureau or agency concerned, a bearing assembly or
test specimen, or both, selected in accordance with 4. 3, 3. 3 shall be subjected to performuince tests ia-
cluding tests of wear, dynamic and static coefficient of friction, noise generation characteristics and such
other tests as may be necessary to determine the characteristic of the bearing material and design. Ac-
ceprability shall be based upon comparison with results of performance tests made on bearings currently
used by the Navy.

S. PREPARATION FOR DELIVERY

5.1 Domestic shipment and early material installation. -

5.1.1 Bearings.- .

5.1.1.1 Preservation and packagi ng. - Preservation and packaging shall be sufficient to afford ade-
quate protection against corrosion, deterioration and physical damage during shipment from the supply
source to the using activity and until early installation and may conform to the suppliers commercial prac-
tice when such meets these requiremesnts.

5.1.1.2 Packing. - Packing shall be accomplished in 2 manner which will insure acceptance by com-
mon carrier at the lowest rate and will afford protection against physical or mechanical damage during
direct shipment from the supply source to the using activity for early installation., The shipping containers
or method of packing shall conform to the Uniform Freight Classification Rules and Regulations or other
carrier regulations as applicable to the mode of transportation and may conform to the suppliers corimer.
cial practice when such meets these requirements.

7 .
1’AS‘I‘M oil No, 3 meets the requirements for this test fluid.
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5.1.1.3 Markiag. ~ Shipment marking information shall be provided on interior packages and ex-
terior shipping containers in accordance with the contractor's commercial practice. The information
shall include nonienclature, Federal stock number or manufacturer's part number, clags, contract or
order aumber, ccntractor’'s name and destination. ’ ’

5.2 Dcmestic shipment and storase or overseas shipment. - The rejuirements and levels of preser-
vation, packaging, packing and marking for siipment shall be specified (see 6. 1).

(5.2.1 The following provides various levels of protection during domestic shipment and storage or
verseas shipment, which may be required when procurement is made.

.= Bearing? shall be packed in accordance with the ¢verseas shipment rejuire-

5.2.1.2.2 'Level B. - Bearings shall be packed in accordance with the domestic shipment reguire-
ments of MIL-P-2845.

5.2.1.3 Marking. - Shipment marking informaticn shall be in accordance with MIL-P-2843 and MIL-
STD-129.)

8. NOTES
8.1 Ordering data. - Procurement documents should specify the following:

{a) Title, number, and date of this specification.

(b) Class required (see 1.2).

(¢) Tvpe, form, strle, delsgn and dimensional tolerances required (see 3. 3).

(d) Selection of preservation, packaging, packing and marking required if other than as specified
in 5.1 (see 5. 2).

6.2 With respect to products requiring qualification, awards will be made only for such products as
have, prior to the time set for opening of bids, been tested and approved for inclusion in Qualified Products
List QPL 17901, whether or not such products have actually been so listed by that date, The attention of the
suppliers is called to this requirement, and manufacturers are urged to arrange to have the products that
they propose to offer to the Federal Goverament tested for qualification, in order that they may be eligible
to be awarded contracts or orders for the products covered by this specificatiun. The activity responsible
for the qualified products list is the Bureau of Ships, Department of the Navy, Washington 25, D. C., and
information pertaining to qualification of products may be obtained from that activity. Application for
Qualification tests shall be made in accordance with "Provisions Governing Qualification” (see 6.2.1).

6.2.1 Copies of “Provisions Governing Qualification” may be obtained upon application to Command-
ing Officer, Naval Supply Depot, 5801 Tabor Avenue, Philadelphia 20, Pennsylvania.

Notice:- When Government drawings, speciications, or other data are used for any purpose other
than in connection with a definitely related Government procurement operation, the United States Govern-
ment thereby incurs no responstibility nor any obligation whatsocever; and the fact that the Goverament may
have formulated, furnished, or in any way supplied the said drawings, specifications, or other data is not
to be regarded by implication or otherwise as in any manner licensing the holder or any other person or
corporation, or conveying any rights of permission to manufacture, use, or sell any patented inventica that
may in any way be related thereto.

Preparing activity
Navy - Ships
Project 3130-N0023h
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CORRESPONDENCE WITH DUPONT ON LUBRICANT FILLED VITON
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ELASTOMER CHEMICALS DEPARTMENT

February 27, 1980

Dr. B. Bhushan

Mechanical Technology Incorporated
968 Albany-Shaker Road

Latham, NY 12110

Dear Dr. Bhushan:

i B p

Last week five ASTM test buttons and ten tensile bars were sent to

you via UPS. The three compounds are all based on VITON® E-60 fluoro-
elastomer and use the same cure system based on "VITON" Curative
Masterbatch No. 20 and VITON Curative Masterbatch No. 40, especially
formulated for a steam environment. Compound No. 328 incorporates a
different filler system than the other two compounds. All compounds
used N=770 Carbon black. The details of the filler and cure system

1s proprietary.

A1l three compounds were mixed in a "BR" lab Banbury. A standard ;
up-side-down mix was used. The filler, release system, curatives, i
then polymer was added and mixed at slow speed and finally dumped at
about 110° C. The time to dump was 1 1/4 minutes in each case. The
stock was then passed through a two roll mill, allowed to relax over-
night and then 10 passed through the mill. The stock was then sheeted
out, 2ie cut to the approximate slab size and press cured five mlnutes
at 176° C.

The physical properties are:

328 329 . 330 Specification
Tensile MPa, 10.4 12.5 12.0 16.3
Elongation, % 330 430 390 150
DH, A 85 78 79 8545

Further testing to MIL-B-17901 is in progress. I'll send further re-
sults as they are recelved.

BETTER THINGS FOR BETTER LIVING .. . THROUGH CHEMISTRY
The recommendotions for nie of owr products ore berad vpon tests belisved to be refiable, M , we do not g five retuits %0 be obtained.
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Dr. B. Bhushan
February 27, 1980
Page 2

As of thils date, I have not recelved the metal pin that you noted
in your letter of February 11, 1980. When it has arrived, what type
of epoxy do you prefer? I did not see any specified in your letter,.

I will be sending you two more samples of compounds that are under

consideration for your testing. If you must 1limit your testing to
two compounds, use #328 and #470.
_.--—'-‘—,...—»/

If you have any questions, feel free to call me at 216/929-6903.

Sincerely,

~/4/v~5

A. C. Zaragoza
Akron Laboratory

ACZ/abk




