
AD-AOB2 376 A8BERDEEN PROVING GROUND MO MATERIEL TESTING DIRECTORATE F/G 11/8
COMPATIBILITY OF SILICONE.-BASED BRAKE FLUIDS WITH ELASTOMERIC C--ETC t)
FEB 80 C B JORDAN

UNCLDA-MTED5351 NL



IIII1'
I' l- I5

11111-=- l, tt
L 3.2

11111 25

MUROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS 1963-A



LEEV____A&
DDC AD NO.
FUNDING PROJECT ITO61O1AFw TECOlK PROJECT (TEMS) 7-CO-ILS-AP1-O01
TEST ACTIVITY REPORT AIG-KT-5351

TEST SPONSOR US ARMY TEST AND EVALUATION

ILIR INVESTIGATION ..

PARTIAL REPORT

COMPATIBILITY OF SILICONE-BASED BRAKE FLUIDS WITH

ELASTOMERIC COMPONENTS OF ARMY VEHICLES AND

9. 'WEAPON SYSTEMS

LAMES PHASE I

FEBRUAI& 1980

DIS BUTIA LIMITEDnS GOVERNMN NCIES ONLY- T AND
EV AI FERJ 1* OTHE UE FOR -a
BE E EM A "Tqdi-AD-M EN D SHE~jF
IN D.

DISTRIBUTION IL14ITED WHEN CODE SHEET IS REMOVED.

9 $ ARMY ABERBEEN PROVING l10111
ABERDEEN PROVINGi S1OII, MARYLAI

21005

80 3 19 029
" /I I • ..... .... : ' " .. . -' .. . . . i. . . . . - i, , ,



7".4

WUO U LZNU/TAT.mS

Reproduction of this document Lo ubole or in part is prohibite4

except with the permission of r---dr. BR Arrv T.t A

valuation Cotmand, ATTN: DRSTE-AD-.

DDC is authorLsed to reproduce this doaument for Unilted States
Government purposes.

DISPOSITION INSTRUCTIONS

Destroy this report In accordance with appropriate regulations

1when no longer needed. Do not return it to the originator.

DISCLAIMER

The tindings in this report ae not to be construed as an official
Department of the Army positions unless so designated by other
authoriNd documents issued and approved by the Department of the
Army.

1.

,II I I_ I

- .. .. .



Unclassified
SECURITY CLASSUFICATION OF THIS PAGE (O DOS hfre_

REP r DOCUM ENTATIn PAGE 3 11.~~~~mz~e REOR "UDE oE O og

....
rWATIEILITT OF JILICOUIAS3D RAIM IIDS T ril A ~ M7

S. PERFORMING ORGANIZATION NAME AND ADDRESS IS. PROGRAM ELEMENT. POJECT, TASK

Materiel Testing Rirectorate AREA SA R I NUeER
* ATTN: STEAP-HT-G ITO 1A1

Aberdeen Proving Ground, MD 21005
11. CCNTROLLING OFFICE NAME AND ADDRESS -o tX

Coumader, TECOM (/) Febom 980
ATTN: DRS TE-AD-M
Aberdeen Proving Ground, MD 21005_____________

14. MONITORING AGENCY NAME I AOORESCrII albdf l 5am CON410e1 OWM") IS. SECURITY CLASS. (of iW.e

,___None

Ia. DECLASSIFICATION/DOWNGRADING
SCGHEULE
None

IS. DISTRIBUTION STATEMENT (of Wse Rh)

Approved for Public Release.
Distribution Unlimited when Code Sheet is Removed.

17. OISTMRIiOM SAT-- -.. -. ~ L

None -14r r
IS. SUPPLEMENTARY NOTES

Code sheet attached.

IH. KEY WORDS (Ca/kooil. aoMi, adle It noaOW ldnu I, bloy week nmb)

Brake fluid Immersion tests
Silicone Swelling

Compatibility Hardness~Elastomers Disintegrationi.:

A STRAar 
m  M  ak 

V 
n  

-
m m  

409 
N p 

er 
b t 

Wee

An investigation was conducted to determine the compatibility of recently
specified silicone brake fluids with elastomers expected to be found in
developmental vehicles submitted to US Army Aberdeen Proving Ground for
tests and to compare their performance with conventional fluids. More than
1200 immersion test were conducted at temperatures ranging from 00 F to
2480 F (-18 to +120 C) with 14 different elastomers and 5 different brake
fluiU It was fo d that the silicone brake fluids performed as well a/or
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deficiencies. Studiea are continuing on uxtures of silicone and coVn-
tional fluids in order to accunulate data which will iJ.1n identifying
and evaluating possible problem. found in test vehicles.
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SZCTION 1 . SU1TRf

1.1 BACKGROUND

In 1967, because of the success of silicone fluids n other
hydraulic systems, producers of silicones became Interested In devel-
oping silicone based fluids for use In vehicle brake systm. It
was recognized that silicone fluids possessed physical and. chemical
properties that were desirable for this application. Some of these
were lo-temperature viscosity, high-boiling point, low-water sensi-
tivity, and good chemical stability. Preliminary laboratory studies
showed that the first silicone experimental brake fluids performed
well except in the areas of lubricity and Xubber compatibility. Each
of the three major silicone fluid manufacturers centered their brake
fluid research around the development of additives to Improve these
two properties. Subsequent fluids were developed by each of the three
manufacturers which performed satisfactorily in laboratory tests. The
US Army Coating and Chemical Laboratory located at Aberdeen Proving
Ground, Maryland set up a series of field tests in vehicles operating
in (1) the tropical rain forest (Panama) (2) the desert (Yuma Proving
Ground, Arizona) and (3) The arctic (Fort Greeley, Alaska). Results
reported in 1975 (reference 2) and 1976 (reference 3) indicated that
the silicone brake fluids were far superior to the conventional
polyglycol brake fluids in the areas of low hygroscopicity and corrosion
protection. Lubricity and rubber compatibility were equal to or
superior to that found with conventional brake fluids.

As a result of these findings a specification, MIL-B-46176,
Brake Fluid, Silicone, Automotive, All Weather, Operational and
Preservative, was published (reference 4). This specification is
expected to supercede the three brake fluid specifications which
existed until the present time (references 5, 6 and 7) at a date to
be established by US Army Tank-Automotive Research and Development
Command, Warren, MI. It is anticipated that production and develop-
mental vehicles submitted to Aberdeen Proving Ground in the future
will utilize silicone brake fluids.

The Society of Automotive Engineers (SAE), automotive manufac-
turers, military vehicle developers, and test engineers have been
concerned about the compatibility of the silicone brake fluid with
the elastomers which are found in various vehicle systems. In order
to resolve these concerns and to corroborate the validity of the
basic laboratory and field test data, more discriminating tests
were deemed advisable. An in-depth study of fluid-elastomer behavior
was needed, which would point out shortcomings such as excessive
and uneven swelling, possible leaching of elastomeric ingredients,
and minor degradation of specific types of elastomers under unusual
or unforeseen operational situations.
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Windings from this study could be applied to the analysis of
failures occurring in future vehicle tests, and aid brake system
design engineers and brake fluid researchers in their evaluation of
the performance of the new silicone brake fluids.

1.2 OBJICTIVES

a. To Identify possible problem areas nvolving compatibility
of silicone fluids with the many elastomers which are found in
military vehicular and weapons systems.

* b. To develop more discriminating test procedures pertinent
* to the resolution of fluid/elastomer compatibility problems, which

will aid test engineers in their evaluation of the performance of
systems containing silicone fluids.

1.3 SUOARY OF INVESTIGATION

More than 1200 comparative lumergion tests were conducted at
temperatures ranging from 00 F to 248' F (-18 to +1200 C) with 14
different elastomers and 5 different brake fluids. The silicone brake
fluid performed as well as or better than the conventional fluid in
all tests involving vehicle brake systems elastomers. No discrepancies
were revealed in extended exposure periods.

1.4 CONCLUSIONS

a. It is concluded that: The replacement of the three conven-
tional brake fluids in military vehicles with silicone brake fluids
will not adversely affect the brake performance from the standpoint
of fluid/elastomer compatibility (para 2.1, 2.2, and 2.3).

b. Mixtures of silicone fluids and conventional fluids could
lead to conditions which would affect brake performance due to
differences in swelling characteristics of the fluids (pars 2.2d
and 2.2g). The differences in swelling characteristics which were
found were not extreme and would not cause catastrophic brake failure.

engine oils, hydraulic fluids, shock absorber fluids, etc., will

* cause undesirable attack on brake systems elastomers, which will lead
to brake failures (para 2.2f).

L.
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1.5 REOM2ENDTIONS

It is recommended that:

a. Every effort be made to discourage and preclude the nixing
of silicone fluids and conventional fluids in vehicle brake syste.
Users should be cautioned against mixing the fluids, and procedures
should be published vhich require the complete removal of All
conventional fluids from the brake system before a silicone fluid is
added. It is also recommended that this investigation be continued
in the area of the effect that mixing different percentages of fluids
would have on brake system elastomers.

b. Silicone fluid manufacturers Investigate the use of rubber
swelling additives in the silicone fluids which are not miscible with
the conventional fluids, end therefore would not migrate into the
conventional fluid.

5
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SECTION 2. DETAILS OF INVESTIGATION

2.1 MATERIALS TESTED

The combatibility of representative silicone brake fluids with
the elastomeric materials expected to be used in future military
vehicles was determined through a series of lersion tests. The
following fluid/elastomer combinations were used to evaluate the
compatibility:

a. Fluids. The five brake fluids listed the table 2-1 were
evaluated.

TABLE 2-1. FLUIDS

Fluids Type

Code A Silicone
Code B Silicone
Code C Silicone

f. SAE RH 70 Silicone
SAE RM 66-03 Conventional

polyglyco 1

b. Elastomers. Fourteen elastomers were used in the study,
representing all elastomers found in current automotive systems. The
elastomers are listed in table 2-2.

TABLE 2-2. ELASTOMERS

Shore A
Durometer

Type Use Hardness

SBR (styrene Wheel cylinder cups 50
butadiene rubber)

SBR Master cylinder seals 70
SBR (SAE) Disc brake seals 70
EPDH (ethylene Disc brake seals 70
propylene rubber)

EPDM Brake valve parts and seals 80
EPDM (SAE, RM 69) Referee test slabs 70L VITON 0-rings 70

TN4
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TABLE 2-2. (CONT'D)

Shore A
Durometer

_ _ _ __ _ _ Use Hardness

Silicone rubber Seals and O-rings 60
N. R. (natural rubber) Referee test slab 60
based on SAE-ISO-i

BUNA-N (33% ACN) Automotive parts 60
(nitrile rubber)

BUNA-N (21% ACN) Automotive parts 70
BUNA-N (41% ACN) Automotive parts 70
Neoprene (SAE, RM 68) Brake hose 70-80
Chlorobutyl Master cylinder diaphragms 60

2.2 IMQERSION TESTS

Nine series of immersion tests have been conducted to date. One-
inch slabs of each of the elastomers were washed with isopropyl
alcohol, weighed in air and water, hardness determined using a Shore
"D" durometer, and immersed in each of the fluids (in duplicate) under
the following conditions:

a. Test No. 1. This test was conducted at ambient conditions.

Test jars were stored on the laboratory shelf. Rubber specimens were
removed after 1 week, 3 weeks, 2 months, 6 months, and 12 months;
the specimens were wiped with a clean lint-free cloth, weighed in air
and water to determine change in volume, and the hardness was measured.
After each storage period the specimens were examined for evidence of
disintegration and then placed back in the test jar.

b. Test No. 2. This test was conducted at 700 C (1580 F).
Rubber specimens were removed after 3 days and 7 days. Test jars
were removed from the oven and allowed to cool for 30 minutes. The
rubber specimens were then removed, wiped with a clean cloth, weighed
in air and water to determine volume, and the hardness was determined;
the specimens were examined for disintegration, and after the three
day inspection placed back in the test jar; jars were placed back in
the oven; after the 7-day inspection the fluids were visually examined
for excessive sediment buildup.

c. Test No. 3. This test was identical to Test No. 2 (para
2.2b) except that the test temperature was 1200 C (2480 F). Rubbez
specimens were examined after 3 days and 7 days.

8
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2.2 (Cont'd)

d. Test No. 4. In this test each of the silicone fluids was
mixed with an equal quantity of the conventional fluid and placed in
the test jars. The two fluids were not miscible so they separated.
The volume and hardness of two rubber test specimens was determined.
One specimen was placed in the lower fluid layer (conventional fluid),
and one specimen was suspended horizontally in the top fluid layer
(silicone). The jar was stored on the laboratory shelf at ambient
temperature. The volume and hardness of each of the two rubber test
specimens was measured and examined after 2 weeks, 8 weeks, and 6
months and placed back in the test jars.

e. Test No. 5. This test was conducted at -180 C (00 F). Test
jars were removed from the cold chamber after 2 weeks, 8 weeks and

* 6 months. The volume and hardness of rubber specimens was measured
within 10 minutes after the jars were taken from the chamber, after
which the specimens were examined for evidence of disintegration and
then placed back in the test Jars. Exposure to cold temperature
continued.

f. Tests No. 6, 6A, 7, 7A and 8. These tests were run on the
silicone compatibility fluid and the conventional fluid in order to
determine the effect of some co-mmon automotive contaminants on the
performance of the rubber. In tests No. 6 and 6A, 1% and 5%
respectively, by volume of petroleum oil conforming to grade 10,
MIL-L-2104 (reference 8) was added to each of the jars. In tests 7 and
7A, 1% and 5% respectively, of synthetic lubricant meeting MIL-L-46167
(reference 9) was added to each of the jars. Each of these tests was
stored at ambient temperature and examined after I week, 3 weeks and
7 weeks of storage.

g. Test No. 9. In this test, conventional fluid was mixed with
the silicone compatibllity fluid to produce conventional fluid
concentrations of 5%, 10%, 20% and 30% by volume. Rubber specimens
were immersed as described in test No. 4 (para 2.2d). Four and
eight weeks examinations were made and the test is continuing. Another
examination will be made after 26 weeks.

h. Comparison criteria. The criteria listed in table 2-3 were
established in reference (4) to check performance of silicone brake
fluids on some elastomers found in vehicle brake systems. These
criteria were used as a basis for comparing the performance of the
fluid/elastomer combinations in these tests with known satisfactory
performance levels.

9
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TABLE 2-3. CRITERIA FOR RUBBER PERFORMANCE (REFERENCE 4)

ILmersion Tests
Volume Swell Changes In Hardness Test Temp

Type of Rubber (percent) (Durometer points) °C OF

SBR +5 to +20 0 to -10 70 t 2 158 t 3
+5 to +20 0 to -15 120 ± 2 248 ± 3

Neoprene -3 to + 6 +3 to -10 70 ± 2 158 ± 3
-3 to +10 +3 to -10 100 ± 2 212 ± 3

El)  0 to +16 0 to -10 70 ± 2 158 ! 3
Natural +5 to +20 0 to -10 70 ± 2 158 ! 3

2.3 RESULTS AND ANALYSIS

a. Results. Results of all tests are tabulated in appendix A.
The data are also available in graphical form at Aberdeen Proving
Ground, MD (STEAP-MT-G).

b. Effect on SBR.

(1) Results. Swelling and softening exhibited by all proprietary
silicone fluids on SBR fell in the middle range of reference criteria

. •in all tests. Swelling values for the silicone compatibility fluid
were borderline high at 00 F and 2480 F (-18 and +1200 C). Swelling
values received with the conventional fluid were low and in some
instances at ambient temperature, slight shrinkage occurred.

(2) Analysis. SBR is the most widely used elastomer in drum and
shoe brake systems, so the silicone fluid manufacturers adjust the
effect-on-rubber properties of the fluids so that the effect on SBR
falls in the middle range of reference criteria. The borderline high
values received with the silicone compatibility fluid would not cause
brake failure. The low swelling values received with the conventional
fluid could indicate poor performance because of potential leakage of
brake fluid past the cups. In actual vehicle operation no widespread
problem has been reported.

c. Effect on neoprene rubber.

(1) Results. Results of tests on neoprene rubber showed that the
proprietary silicone fluids gave no excessive shrinkage or swelling
regardless of the test temperature. The silicone compatibility fluid
gave high swelling values at ambient temperature and 2480 F (1200 C)
after extended exposure. The conventional fluid also gave high values
at 2480 F.

110
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2.3 (Cont'd)

(2) Analysis. Neoprene rubber is used in brake hoses so the
swelling/softening values are not as critical as those for rubber found
in components which move during braking applications. Specifications
and reference criteria allow slight shrinkage and moderate swelling.
The high values recorded in this series of tests for the silicone
compatibility fluid and the conventional fluid at 2480 F is beyond the
normal test temperatures and exposure temperatures for neoprene rubber.

d. Effect on EP rubber.

(1) Results. All silicone fluids performed satisfactorily
on EP rubber at all test temperatures. Swelling of the EP rubber with
conventional fluid was low; slight shrinkage occurred at 00 F (-18 ° C).

(2) Analysis. EP rubber polymers are used in disc brake seals,
brake valve parts and n some master cylinder applications. The
results received in this test with the silicone fluids were excellent
and would indicate that no problems would be expected in the use of
silicone brake fluids with EP rubber. The amount of shrinkage found
with the conventional fluid at low temperatures would not be expected
to cause poor performance. Recent research has been directed toward
improving the cold-temperature properties of EP rubber.

* e. Effect on natural rubber.

(1) Results. Results of all tests on natural rubber/silicone
fluid combinations paralleled results found in the SBR tests
(para 2.3b). Swelling and softening values for natural rubber fell
within the middle range of reference criteria with all proprietary
silicones. The values for the silicone compatibility fluid were
borderline high at 2480 F. The results of the conventional fluid/
natural rubber tests were satisfactory at all temperatures.

(2) Analysis. Natural rubber is used in the brake system of some
foreign vehicles, but domestic use has diminished over the last decade.
The switch to SBR was made because of better availability and increased
high-temperature properties. No problem would be expected in systems
using natural rubber and silicone fluids.

f. Effect on butyl rubber.

(1) Results. Swelling and shrinkage of butyl rubber was very
low in all tests conducted in this program. There was little effect
on the elastomer by either the silicone fluids or the conventional
fluid.

(2) Analysis. Butyl rubber is used in master cylinder diaphragms

and is subjected to static situations only. The results received in
this program indicate that there would be no operational difficulties
in the use of butyl rubber in the desired application.

N11
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2.3 (Cont'd)

g. Effect on nitrile rubber.

(1) Results. In this investigation, except in isolated instances,
the silicone fluids were compatible with the three nitrile rubber
formulae. The conventional brake fluid is not compatible with nitrile
rubber and caused excessive swelling, softening and some rubber dis-
integration in most tests, especially those tests conducted at high
temperatures.

(2) Analysis. Nitrile rubber (Buna N) is compatible with petroleum
base fluids and is used extensively in 0 rings in all systems, such
as weapons recoil systems, which use petroleum base hydraulic fluids.
It is also used in various automotive applications such as shock
absorbers and fuel systems, but is not used in conventional braking
systems; it is incompatible with conventional brake fluids. For the
purpose of this study the observed compatibility of silicone brake
fluids with nitrile rubber is coincidental, but the data derived in the
study would be of interest to engineers in the weapons recoil systems
field or other fields which at the present time use petroleum base,
synthetic base, or other inflammable hydraulic fluids in the systems.
Possible advances could be made in the use of silicone fluids in these
applications.

h. Mixed fluids.

(1) Results. In tests involving 50/50 mixtures of silicone
brake fluid and conventional brake fluid many instances were noted
where different amounts of swelling of the rubber test slabs occurred
in the two fluids in the same test jar. The swelling which was found
was of different magnitude in each layer of fluid and did not match
the swelling which occurred when that fluid was tested alone. The
differences in swelling were relatively small and showed up gradually
over a long period of time. In some cases slight shrinkage occurred in
one layer and not in the other layer.

(2) Analysis. The silicone and conventional brake fluids are
not miscible. Each fluid contains additives which are placed in the
fluid to adjust the rubber swelling and softening to the desired range.
When the fluids are mixed, this series of tests showed that one of the
fluids extracted the rubber swelling additives from the other Zluid and
in many instances gave results which showed that the additive had
migrated. If the fluids were mixed in a brake system and uneven swelling [
of the elastomer occured, the distortion of the brake cup could lead
to brake malfunction. In cases where shrinkage of the elastomer
occurred, fluid leakage would show up in actual operation. The amount
of distortion indicated by this study was not extreme, and the resultant
effect of the distortion would be graduAl and not catastrophic. Tests

I.. involving several different silicone/conventional fluid ratios are
continuing.

b 12
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2.3 (Cont'd)

i. Effect of contaminants.

(1) Rasults. The teats n which engine oil and hydraulic fluids

were added to the silicone brake fluids as contaminants showed
increased swelling of EP, SBIR, MR and silicone rubber; neoprene and
Viton shrunk; the nitriles and butyl rubber remained approximately
the same. In the contaminated conventional fluid EP, SBR, R and
butyl rubber showed increased swelling; neoprene, nitrile, silicone
and Viton remained unchanged. In teats in which the shock absorber
fluid was used as the contaminant most of the results were similar
to the tests where engine oil or hydraulic fluid were added. Some

variations occurred; the neoprene rubber swelled more in both
the conventional and silicone brake fluids; the silicone rubber
swelled slightly more in the conventional fluid; the butyl rubber
shrunk slightly in the silicone fluid.

(2) Analysis. Contaminants were chosen which are most apt
to be inadvertently added to the brake system of vehicles. The engine

oil and hydraulic fluid are petroleum base fluids and are known to
be incompatible with EP, SBR and natural rubber. The shock absorber
fluid used in this test is a synthetic diester fluid. Its effect

ton elastomers is very similar to the petroleum base fluids. Experience
has shown that nearly every conceivable type of contaminant can find

..its way into an automotive brake system. Some of these contaminants
can cause catastrophic failures which are entirely independent of
the type brake fluid used. A general analysis of the results of
brake fluid contamination is not possible. Past efforts in the
training of personnel on the proper handling of brake fluids should
continue.

J. Effect on Viton rubber.

(1) Results. In this study Viton was compatible with proprietary
silicone fluids, codes A and B, but was not compatible with silicone
fluid, code C, and the silicone compatibility fluid. The conventional
fluid caused the Viton to swell and soften excessively and was
not compatible.

(2) Analysis. Viton rubber is used in 0 rings, valves, and
diaphragms in fuel systems and does not come into contact with
brake fluids. The fact that the Viton is compatible with some of
the silicone fluids is worthy of note, and this information may
be useful to design engineers in future developmental work in the

automotive field.

13
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2.3 (Cont'd)

k. Effect on silicone rubber.

(1) Results. The silicone rubber was not compatible with the
silicone brake fluid. Excessive welling, softening, and disintegra-
tion occurred. The conventional brake fluid is compatible with
silicone rubber; only slight swelling or shrinkage occurred in
all tests Involving conventional fluids.

(2) Analysis. Silicone rubber is used in 0 rings and in some
hoses found In the automotive systems, such as radiator hoses.
Since it is chemically similar to the silicone brake fluids, the
"solution effect" renders the fluid and rubber Incompatible. The
conventional polyglycol fluid has no adverse effect on the silicone
rubber, and the rubber can be used in many applications where it
is exposed to polar fluids.

14
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TABLE A-10. NEM B TESTS AT 2120 ?

Conditionsa Tim Neorene

Silicone Base Sample I b - c -

Compatibility 3 days - 2 3.56
Fluid (31i70) 7 days - 3 9.43

Sample 2
3 days - 3 7.47
7 days - 3 16.1

Conventional Sample 1
Compatibility 3 days - 7 17.2
Fluid 7 days -18 21.9
(RM66-06) Sample 2

3 days - 8 16.4
7 days -18 21.2

Silicone Base Sample 1
Fluid Code A 3 days 1 0 1.79

7 days ± 0 6.86
Sample 2

3 days t 0 4.00
7 days t 3 12.9

Silicone Base Sample 1
Fluid Code B 3 days t 0 1.57

7 days t 2 5.45
Sample 2
3 days 1 2 0.142
7 days ±t6 4.67

Silicone Base Sample 1
Fluid Code C 3 days - 7 4.93

7 days -7 10.7
Sample 2
3 days -10 8.35
7 days -11 14.1

aTeSt No. 10 neoprene rubber at 2120 F.
bChange in hardness (points).
cChange in volume (percent).
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8. Military Specification, MIL-L-2104, Lubricating Oil, Internal
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9. Military Specification, HIL-L-46167, Lubricating Oil, Internal
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10. Military Specification, MIL-H-6083, Hydraulic Fluid, Petroleum
Base, for Preservation and Operation.
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