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FOREWQRD

This report was prepared by the Lubricants Section, Organic Materials
Branch and was initiated under Project No, 7331, "Hydraulie Fluids, Lubricants
and Related Materials®, Task No. 73313, "Hydraulic Fluids®, and was administer-
ed under the direction of the Materials laboratory, Directorate of Research,

Wright Air Development Center, with Lt H, M, Schiefer as gzog:ct engineer
The period of work covered in this report is September 19 August 1955.

WADC TR 55~89 Part III



ABSTHACT

A physical and chemical laboratory esvaluation has been conducted by the
Materials Leboratory on an experimental high temperature hydraulie fluild, MIO
54=645, blended at Wright Air Development Center in such a manner to pass the
MIL.H-8456 (USAF) Specification rubber swell test, This silicate-diester base
f£luid was svaluated primarily sgainst the requirements outlined in the above
specification for a =65° to LOO®F (200500 hours) non petroleum base hydraulic
fluid, This fluid passes all specification tests with the exception of the
oxidation test at 4OO°F in which the fluid gave a marginal neutralization
number increase and viacosity decrsase,

Some additional tests were performed on this fluid, which indicated that,
as for other silicate fluids tested, the hydrolytic stability at 4OO°F seems to
be qne of the major deficiencies of this type of fluid, It is apparent from mock-
up and LOO®F laboratory hydrolytic stability tests, that the present hydrolytie
stability test at 200°F needs revision, Some wear data were obtained with this
fiuid at 167° and 400°F which indicated that the fluid should have sufficient
lubricity to lubricate high temperaturs pumps, Some minimum spontaneous
ignition temperatures obtained with the fluid when sprayed from varying pressure
levals into a glass vessel at atmospheric pressure, showed that the ignition
temperature of this fluid decreases to spproximately $10°F at high pressures,

This thenomenor is also present in other silicate base fluids tested under these
conditions,

PUBLICATION REVIEW

This report has been reviewed and is approved,

FCR THE CQMMANDER:

M, R. WHITMORE
Technical Director
Materials laboratory
Directorate of Research
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The USAF initiated. a research and development program toward the de-
velopment Of @ =65° to JOO°F hydraulic fluid in 1950, A contract between the
California Research Corporation and the USAF was negotiated at that time, and
the contractor investigated various clesses of compounds sulteble for a high
temperature hydraulic fluid, Of the various classes of campounds studied, it
‘'wag decided to formulate a final fluid from a disiloxane base fluid and the
final blend was coded by the Materials Leboratory as MLO 8200. Since the
rubber compatibilityof the fluid was not a recuirement under the contract and
a high temperature elastomer was not available at that time, fluid development
proceeded without waiting for completion of perallel elastomer development
‘programs, Nuther evaluation of MIO 8200 at this Center, after the termination
of the California Research Corporation contract, revealed that the major
deficliency of MLO 8200 for a high temperature hydraulic fluid was its shrinkage
of a necprene high temperature elastomer, as reported inWADC Technical Memo-

In order to provide a fluld which had better campatibility with a
plasticized neoprene elastomer (such as WADC Compound 453-26C), a blending
program was performed at this center using di-2 ethyl hexyl sebacate as a
rubber swelling agent in MID 8200, A final fluid blend was prepered with
approximately 15% diester and coded Materilals Laboratory number MLO 5h~6)5,
The exact composition of this fluid is given in Table I, At the present time,
Oronite Chemicel Corperation is producing a fluid designated as "Oronite High
Temperature Hydraulic Fluid 85/15" which has approximately the same composition
as MIO 54-6L45,

MLO 54-645 fluid has been tested against requirements set forth in
Specification MIL-H-8446 (USAF) which covers the requirements for a -65° %o
400°P hydraulic fluid, Some other tests have also been performed on this fluid
%o give additional information about the fluid and to report properties for
design purposes, Since MIL-H-8446 is » new specification, it is likely that
some of the testing procedures and fluld requirements will be changed in
accordance with results obtained from future high temperature pump and sysitem
mock-up tests,

Some of the more important tests conducted in MLO 54~645 and the results
of such tests are given as follows:

Manuscript released by the suthor March 1956 for publication as a WADC
Technical Repcort.
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Viscosity-Temperat Relationships - Yiscosity measurements were conducted
over a ~65° to 400°F range, These data are presented in Table II, The viscometric
requirements of Specification MIL-H-B446 are 2500 centistokes maximum at ~65°F
and 2,5 centistokee minimum at LOO°F, The 2500 centistoke maximum at =65°F was
established as a practical low temperature limit for maintenance of a reasonable
degree of pump efficiency in overcoming fluid friction and allowing flow rates
of a magnitude to provide adequate system response, The 2,5 centistoke value
at L0O°F has been established as an arbitrary value until sufficient hydraulic
component tests at 400°F have been performed to realistically determine the
minimum viscosity pumps and valves can tolerate and continue to maintain mechani-
cal and volumetric efficiency under the parameters of temperature, pressurse,
and speed, MIO 54645 exhibited a good viscosity-temperature slope having a
measured viscosity of 2.5 as at LOO®F and 2605 at -65°F. The viscosity temper=
ature data are tabulated in Table II, and given as the viscosity temperature
curve in Figure 1,

Spoptapecus Xenition Temperature (SIT} - The SIT is defined as the temper-
ature at which oil vapor and air ignite without the aid of external sources such
as a flame, spark, etc, Briefly the specification test is performed by dropping
the test fluid on a heated surface and measuring the temperature required to
spontaneocusly ignite the fluid, Such conditions would be present in an aircraft
if a hydraulic fluid line were severed and allowed the fluid to be sprayed over
a hot surface, The minimum SIT value required by Specification MIL-H-8446 is
700°F, MLO 54=-645 meets this requirement by exhibiting a SIT valus of 770° F,

At high temperatures, such as 4,00°F, the problem of preventing harmful
fires is a very important one, As mentioned before, the f£luid may be sprayed
fron & severed line or leak, under pressure, on to a hot surface and ignite.

Tn order to obtain some information as to the value of the ignition temperature
of MLO 54~645 when sprayed or ejected from a high pressure level on to a surface
at stmospheric pressure, contract work was performed by the Bureau of Mines,

AF 18(600)-151, investigating this problem.

The spontanecous ignition temperature data ohtained in a 200 ce¢ pyrex
Erlenmeyer flask for MLO 54-645, in air, using a fixed injector-to-hot surface
distance and one atmosphere pressure are presented in Figure III, These data
indicate that a sharp drop in ignition temperature occurs when the fluid is
ejected from pressure levels between 50 and 750 psig, and then levels out at
an ignition temperature of approximately 510°F at diesel injectar pressurss
exceeding 750 psigs This reduction of spontaneous igniticn temperature is an
undesirable feature of this fluid, end is also reported for other silicate
fluid tested under the above conditions,

Oxjdation and Corrosjop - The oxidation and corrosion test was conducted
in sccordence with Federal Specification VV-L-791 e, Method 5308,3, with the
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following modifications: 4OC®F test temperature and 72 hour test durstion. The
metals employed in this test were copper, steel, aluminum, and pure anodic silver,

Specification MIL-H-84)i6 requires that the weight change of the above
metals, with the sxception of copper, shall not exceed * 0,2 mg/cm2 of surface
area after brushing, with copper having a meximum weight loss of * 0.4 mg/cm2,
The 0il shall not be oxidized to the extent of having change more than ¥ 20%
from the original viscosity when measured at 210°F,

The data obtained on the MIO 5/~6L5 fluid are given ir Table II, In
general, MLO 54=645 exhibited good oxidation-corrosion stability under the
conditions of this specification test, There was no apparent weight change in
the aluminum, steel, and silver test specimens and the weight gain of the copper
metal was within specification limit, Altlough the copper and steel metals
acquired a stained discoloration, this is not considered serious since there
waS no evidence of pitting or other phenomena associated with corrosion, Although
both the viscosity and acid number changes were both above specification limits,
this is not considered to be too serious, since they are both very close to the
requirements and possibly within the reproducibility of the test, It is possible
that the majority of the decregse in viscosity was caused largely by a breakdown
of the viscosity index improver XF 371, It should also be noted that no sludge
was formed during the test, as would be expected if the fluid were highly oxidized.

Thermal Stability - The thermal stability of MLO 54-645 fluid without the
effect of metal catalysis was determined as follows: oil samples were sealed
in glass tubes and placed in a constant temperature oven at 400°F for & period
of 200 hours and at S50°F for 10 and 24 hour periods. It is estimated that a
long service life fluid ( e,g., 500 hour fluid) will not be exposed to its high-
est operating temperature (e.g. 4O0°F) for a period greater than 200 hours.
Thermal stability tests at 550°F were performed to determine if thc fluid hed
any possibility of being used as a short life 550°F hydraulic fluid, At the
termination of the tests, MLO S4=645 fluid was examined for viscosity and
nsutralization number changes, In all three tests the viscosity decrease of
the fluid was relatively high but no increase in neutralization number was noted,
This wogld indicate that there was considerable breakdown of the viscosity index
improver (XF 371), with relstively small breakdown of the bese fluid, giving
rise to a large viscosity decrease, If the base fluid would be unstable, it
would be expected that a neutralization number change would occur along with
the viscosity change, This theory was upheld when some base stock fluid, hexa
(2 ethyl butoxy) disiloxane, was tested at LOO°F without the viscosity index
improver, and showed only a very smal) viaseonsity chance after the test, It
should also be noted that MLO 8200 (WADG Technical Memorandum WCRT 56— ve a large
decrease in viscosity in the thermal stability test at J00°F, and that
8200 slso contains XF 371 as the viscosity index improver,

Hydrolytic Stability - As an obvious coarollary to the oxidation-corrosion
stability test, there exists the problem of the hydrolytic stability charascter-
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istics of hydraulic fluids, This is important since it is difficult to completely
divorce flulds from water contamination either in storage, handling, or actual
usage in aircraft, The hydrolytic stability test being employed in Specification
MIL-H-8446 is essentially the same type test found in the lower operating temp-
srature hydraulic fluid specification, e.g, MILeF=-7100, In this test, the fluid.
sample is contaminated with 25% by weight of water and, in the presence of a
copper test specimen, is agitated, at temperature of 200°F, for 48 hours.

The requirements of this test are as follows: The fotal change in weight
of the copper strip shall not be greater than * 0,5 mg/em®, There shall be no
pitting, etching, or visible corrosion on the surface of the coppere A slight
discoloration will be permitted on this metal, After completion of the hydro-
lysis test the acid number increase of either the acqueous or oil layer shall
not be greater then 0,5 mg of potassium hydroxide per grem of oil, The vis=-
cosity of the oil layer shall not have changed more than ¥ 20% from the original
value, when measured at 210°F, The amount of insocluble materials, after the test,
shall not be greater than Q.5 percent by weight of the original test fluid,

MLO 54=6)5 possessed good hydrolytic stability accaﬁding to the 200°F
specification test, The copper weight gain of .004 mg/em™ was negligible, and
there was no evidence of pitting or stching on the copper strig. The viscosity
change of the oil laysr was only =3.3 percent (measured at 210 ¥), well within
specification limits, There were no solids or any sludge formed during the
test, The neutraslization number increases of both the water and oil layers
were negligible, It is of interest to note that acid numbers do not have the
same significance in sillcate hydrolysis studies as one would expect in the
hydrolysis studies in the hydrocaerbon type molecule, The products of silicate
hydrolysis are usually not sufficiently reactive with KCH to give an accurate
indication of the ac¢id components formed,

Some additional hydrolytic stability tests were conducted on MLO 54645
fluid to determine its resistance to water under conditions more indicative
of hydrolysisoccurring,in a closed hydraulic system at 4O0°F, These tests
were conducted in a standard Parr, high pressure, rocking, hydrogenation
apparatus, The oil samples,in which various concentrations of water were
introduced, were made up to a total of 100 grams and pliaced, with a copper
strip, in the bomb's resction flask, The copper strip used in this test is
gimiler to the one used in the specification test at 200°F, Hydrolysis can
be measured in this test by two methods, In the first method, the test ia
conducted for a specified period at which time fluid and metal changes are
measured, In the second method, it is possible to determine with a fair
degree of accuracy, the time required for hydrolysis to occur. This {s
possible by observing pressure and temperature changes through appropriate
recording devices connected directly to the ssmple area, A pressure drop
usually denotes the utilization of water vapor in the process of hydrolysis,
which in most cases, results in an exothermic type reaction, i.e, increase
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in fluid temperature, Therefore, a.sharp bréak in both the pressure and tem~
perature retording curves can be terméd the threshold of hydrolysis.

In this test at 4OOF, MIO S54-645 fluid was tested for 2l hours at water
concentrations of 0.5, 1.0, 2,0, 5,0, 2nd 6,0 weight psrcent, Measurements
taken after each test were as follows: weight change in copper strip, appear-
ance of copper strip, neutralization number increase, weight percent insclubles
formed, percent viscosity change at 210°F, and the threshold of hydrolysis
designated as the breakpoint, The data for these five tests are recorded in
Table II, Results from the tests show that no significant hydrolysis of the
fluid occured with 0,5 weight percent of water present and no significant
treakpoint occured during the 2 hours, If the concentration of water is
increased to one weight percent snd above, hydrolysis of the fluid occurs, The
degree of the hydrolysis reaction seems to increase as the amount of water
present increeses, The increasing degree of hydrolysis is shown with increasing
values of neutralization number, viscosity change, and percent of insolubles,
At a water concentration of 6 weight percent, complete hydrolysis of the fluiad
oceurs forming a mass of Jelly-like solids, It is interesting to note that the
"breakpoint® (rapid rate of hydrolysis) for this fluid occurs at approximately
the same time for all percentages of water above 0.5 weight percent, namely
=5 hours after the start of the test, This fluid doesn't seem to give any
indication of copper corrosion in these tests although the copper strip has a
dark stain after the 5% water test, This stain is not detrimental in that no
pitting, etching or large change in weight of the copper strip was observed,

4 hydrolytic stability mock-up test was performed by the Aircraft
Leboratory, WCLSM, on MLO 54=645, The fluid test was intentionally contem-
inated with a 2 volume percent of water and pumped at a temperature of 210°F
and pressure of 3000 psig in a mock-up hydraulic system test stand, The fluid
was pumped for 92 hour and 45 minutes at which time a high pressure drop
developed across the filtering element causing pump cavitation (WADC TN 55«45),
The filter plugging resulted from solid formation due to hydrolyais of the
fluids This mock-up test indicates that trouble can be encountersd in the use
of this fluid in a closed system when contaminated with water,

Foaming -~ It is essential that the hydraulic fluid be in complete liquid
form to insure adequate transmittence of pressure throughout a hydraulic syatem,
The tendency for a liquid to foam while under pumping conditions creates a
definite hazard of vapor lock, pump cavitation and consequent malfunction of
the hydraulic system,

To eliminate the deleterious effect of excess foaming, Specification
MIL-B-8446 requires that the total volume of oil and foem after a 5 minute
blowing period at 200°F cannot exceed 600 ml, The foam'stability, i.e. the
tendency of a fluid to retain its foam-liquid interface, is measured b{ the
time required for the foam to dissipate under static conditions at 200°F,
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The foam collapse time has been established at 2 maximum of 10 minutes in
Specification MIL-H~8446, MILO 54-645 fluid exhibited marginal anti-fosming
properties in this test, The total volume of oil and foam after a 5 minute
blowing periocd was 600 ml, This value, although within the specification
limit, is high being exaetly the maximum smount of foam allowed, The collapse
time for the foam was determined to be 480 seconds which is well within the
specification requirement.

Lupricity = In addition to the primary function of transmitting hydraulic
pressure throughout the hydraulic system of the aircraft, the hydraulic fluid
has the secondary duty of lubricating the hydraulic pump and other hydraulic
system components, There is no universally accepted method for the measure-
ment of lubricity. For preliminary lubricity studies, the Shell 4~Ball Wear
Poster was selacted as the best choice for evaluating the wear properties, and
the Shell }4=~Ball Extreme Pressure Tester was selected as the best choice for
evaluating the load carrying properties of this fluid, The testing with the
Wear Tester was conducted at two temperatures, In the first test, the fiuid
was held at 75°C (167°F) and the test was run under standard conditions so that
the lubricity could be compared to that of the present USAF hydraulic fiuid,
Specification MIL-0-5606, Rubbing speeds of 1200 rpm, loads of 4, 10, and 40 kg
and a test time of 2 hours were chosen since previous experience has indicated
that the results obtained under these conditions compare quite favorably with
wear data from pump tests, The average scar diameter of the 52.100 steel balls
employed in this test after lubrication with MLO 5h=645 were 0.3h, O0.42 2nd
0,62 millimeters at loads of I, 10 and 40 kilograms respectively, Wear
evaluation under similar conditions with the present USAF hydraulic fluid
meeting Military Specification MIL-0-5606 gave 042, 0,26 and 0,86 mm wear
sear diameters under the three increasing loads. Specification MIL-0~5606 is
a petroleum base oil containing lubricity additives. In the second test, the
temperature was increased to the highest operating temperature desired of the
fluid, i.e. AOO°F. while other testing conditions were kept constant when
compared to the low temperature test, Only one jaw load was run with this fluid
at the high temperature, The average scar dsmmeter of the steel balls employed
in this test after lubrication was 1,03 millimeters at a load of 10 kilogram.
The load carrying ability of this fluid was measured with the Shell /~Ball
Extreme Pressure Tester at room temperature for one minute duration using
52.100 steel balls. The seizure point for MLO 54=645 occurred at a 80 kilo-
gram load, while the weld point oceurred at a load of 130 kilograms,

If realistic conclusions can be made from these two scresning tests,
MLO 54-645 is as good a lubricent at 167°F as Specifieation MIL-0-5606 type
fluids, whereas the lubricity of MLO 54-6i45 is not as good at LOO°F as a
MIL-0-5606 fluid is at 167°F, However, the difference in lubriclty of the
two fluids, when compared at their respective operating temperatures, msy
not be too significant considering the light loads that are experienced in
hydraulic systems, The load carrying ability of MLO 54-645 fluid is good
at room temperature,
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Rubber Compatibility = Since many components of amn aireraft hydraulic
system, especially hydraulic pumps, contain rubber packings and gaskets, it
1s essential that a hydraulic fluid be sufficiently canpatible with these
elastomers to enable such materials to retain their original desired properties,
USAF Specification MIL-H-8446 requires that a swelling of standard synthetic
rubber (L or R stock), by the test fluid, shall be 25 * 5 percent when aged
at 250°F for 70 hours, Briefly, the test 1s conducted by measuring the differ-
ence in the water displacement of the rubber specimen before and after the
test, The rubber swell with MIO 54-845 was found to be 23 percent which is
within the specification requirement. Additional high temperature rubber
tests were conducted in an attempt to simulate the effect that fluids have on
elastomers in a closed system at 400°F, In this test, a plasticized neoprene
type rubber was placed in a test tube filled with MLO 54~645 fluid, The
welght ratic of fluid to rubber was approximately X to 1, The test tube was
then sealed, with a gas tarch, and aged for 168 hours at 4LOO®F, Such properties
as volume swell, tensile, percent elongation, hardness and brittle point of
the elastomer were measured after aging, The results of this teating are
given in Table II, MIO 54«65 is relatively compatible with the plasticized
elastomer used in this test as all properties of the aged elastomer were
close to the desired values, The desired proverties of the elastomer after
aging are as follows: swell = 5-20%K; tensile =8001lbs/in2 minimm; elongatiom =
100% minimum; shore "A" hardness = 60-70; and brittle point = ~65°F maximums

Other Properties - The values for the following additional properties
of MLO 54-~645, which were not discussed in the above paragraphs, are given
4in Table II: flash point; fire roint; pour point; neutralization number;
specific gravity; evaporation at h00°F; low temperature stablility; vapor
pressure; and heat capacity, MLO 54-645 meets all of the specification
requirements set forth for some of the above properties, i.,e, pour point, ete,
The curve for heat capaclty versus temperature for this fluid is given on
Figure II,

§gggg;x_ggg_gggg;giigg§_- A sample of an experimental high tenperature
hydraulic fluid, MIO 54-645, has been evaluated by this Center for physical
and chemical properties, This di-siloxane base fluid was mainly evaluated
against an USAF specification designated as MIL-H-84/6, Both the requirements
and testing procedures are subject to change in this specification as more
experience and knowledge is obtained in fluid and test development in the
area of high temperature hydraulie fluids and their system components,

The MLO 54-645 fluid has an excellent viscosity-temperature slope
over the range of -65°F to 400°F, The viscosity at ~£5°F (2605) is slightly
greater than the 2500 cen tistoke maximum permitted in Specification MIL-H-8446
but this is not considered to te significant, Another batch of MLO.5%;§A5
blended may easily fall within the requirement. The viscosity at 00
(2.5 centistoke) just meets the minimum requirement, but this requirement is
still subject to change as more pump and system tests are being conducted at
400°F with silicate fluids to help answer some questions on the relationship
of viscosity and lubricitye.
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MLO B4=G45 fluid exhibits good oxidation-corrosion groperties at L00°F
in the presence of copper, aluminum, steel, and silvers <lhere was no gum or
insolubles formed in this test nor was there any indication of corrosion on the
metals, The oxidation resistance of this fluid could stend some improvement

in that toth the viscosity and neutralization number changes were borderline

in not meeting the specification requirements, It should be pointed out that
the oxidation resistance of this type of blend could be improved with further
development work in the use of better diesters, inhibitors, and viscosity
index Aimprovers,

It appears that MLO 54-64L5 possesses good thermsl stability at 400°F
for 200 hours in that no insclubles were formed and no acid number increase
was observed, Although the viscosity decreased in the closed test tube thermal
stability test, this may be improved with the possible use of a better viscosity
index improver, The addition of the diester permits the use of viscosity index
improvers which were previously jnsoluble in MLO 8200,

The hydrolytic stability characteristics of MLO 54-645 when eveluated
at 200°F showsd that the fluid was resistant to the effect of water a%t that
tenperature,

MO 5h=645 fluid, when tested at 250°F in the presence of standard
stock "R" elastomer, gave sufficient amount of swell to the rubber, The fluig
also is relatively compatible with a plasticized elastomeric packing (453-26 C)
that has been proposed for the =65° to 400°F hydraulic system, This elastomer
had a =59°F brittle point after aging 168 hours at 400°F with MIO 54-645 fluid,
This is only eight degrees higher than the =65°F brittle point desired in this
test, Changes in other properties of the elastomer after the test show that the
finel properties are marginal and that improvements in elastomer compounding
would be desirable,

The anti-foeming tendencies of MID &L=645, and equally important, the
ability to possess an unstable type foam passed specification requirements
although the foaming tendency of the fluid could stand scme improvement,

In genersl, MLO 54-645, passes =1l MIL-H-84)6 specification laboratory
tests which inciude, besides the above, the following: pour point, spon-
taneous ignition temperature, neutralization number, low temperature stability
snd vapor pressure, The fluld properties which are marginal with respect to
specification requirements are viscosity at -65°F, oxidation resistence =nd
fosming tendency. The low temporature viscosity can be improved in 2 new
batch whereas the other iwo properties may be improved by more development
work towsrds a better blend, The important point about MLO 54~645 remains
that the addition of diester to MLO 8200 improved an important property
(rubber coanpatibility) whereas it only slightly affected viscosity and
oxidation resistance, This improvement makes MLO 5&-6%5 a better all around
fluid when compared to the MLO 820C for the =65 to LOO®F temperature rsnges

Although MLO 54-6)5 passed the specification hydro lytic stability test
at 200°F, this fluid doss not possess great hydrolytic stability at higher
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temperatures, At 400°F, and in the presence of & percent water, this high
tenperature hydrsulie fluid underwent hydrolysis to form an insoluble mass
within four hours, Tests with smaller percentages of water showed that the
fluid property chenges increase with increasing amount of water, whereas the
threshold of hydrolysis remained the same for each water concentration, The
evaluation of other silicate ester fluids similar in physical =nd chemical
properties to MIO 54-645, indicate that hydrolysis is a general problem of the
presently availeble fluids,

It should bte mentioned that the silicates represent a class of campounds
that are inherently by structure susceptive to a certain degree of hydrolysis,
Ffom past experience with the silicate fluids, it was discovered that even
siight concentrations of water over a periocd of time brought about hydrolytic
instability of a fluid that formerly met the requirements of MIL-H-8446
specification test.s This indicetes that the present specification test may
not simulate such conditions and it may therefore be necessary to modify or
even substitute a different test in Specification MIL-H-8/46, The high temp-
erature hydrolytic stability of MLO 54=-645 may be improved to a certain degree
with inhibitors but the greatest improvement will probably be achieved through
structural changes of the base fiuid,

The results from the laboratory tests at LOO®F and mock-up tests indicate
that special precautions should be observed when hendling and.using MLO 5h-645
to prevent water fram contaminating the fluid, Initial purging of the system
with No before filling with the fluid will decrease the possibility of getting
water into the fluid,

The results from the Shell 4~Ball Wear Test indicate that MLO 54-6.5
is as good a lubricant at 167°F as Specification MIL-0-5606 mineral oil,
whereas the lubricity of MLO 54-6L5 is not as good at JOO°F as a MIL-0-5606
fluid is at 167°F, However, the difference in lubricity of the two fluids,
when they are compared at their respective operating temperatures, may not
be too significant considering the light loads that are experienced in hydraulic
systems, The results from the Shell -Ball Extreme Pressure Tester indicate
that MLO 54~645 has good load carrying ability at room tempereture,

Although the spontaneous ignition temperature of MLO 54~545 is above
700°F at atmospheric pressure, this ignition temperaturs falls to 510°F when
the fluid is sprayed from pressures greater than 750 psig. against a pyrex
glass supface, Special safety precautions should be observed when operating
MLO 54=645 at high temperatures and pressures to prevent hermful fires, This
drop in ignition temperature with increase in injection pressure is present in
other silicate and Qiester fluids tested and seems to be a structural phencmenon
of the molacule, '
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TABLE I

COMPOSITION ON MLO 54=-645

A, In Terms % of MLO 8200 Blend

MLO 8200 fluid blend
Di(2~ethyl hexyl) sebacate
Dioetyldiphenylamine
Quinizarin

Total

B, In Terms of Basic Compoundas

Hexa {2-ethyl butoxy) disiloxane
Silicone XF 371

Di(2~-ethyl hexyl) sebacate
p.p'Dioctyldiphenylamine
Quinizerin

Total
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Blh.69 Wt %
172 Wt %
0.413 Wt %
0,007 Wt %

100,000

79.073 Wt %
4073 Wt %

14,720 Wt %
2,110 Wt &
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TABLE II

PHYSICAL AND CHEMICAL PROPERTIES OF MIO Si-64%5 COMPARED
TO REQUIREMENTS FOR SPECIFICATION MIL-H-8446

Present Specification
Tests MLO ShL=645 MIL-H-8446 Reguirements
1, Viscosity, cs, at °F
4,00°F 245 2.5 min
210°F 9e2
100°F 2645
~65°F 2605 2500 max
2., Flash Point, °F 390°F
3. Five Point, °F 450°F
Lo Pour Pcint, °F below =75 -75 max
5« Spontansous Ignition
Temperature, °F 770 700 min
6, Neutralization Number,
me KOH
am oil 0.0 0e2 max
7« Specific Gravity, em/ce,
60°F «920
130°F +906
250°F «865
325°F «834
8, Evaporation, %, (6 1/2
hours at LOO®F) Te9
9 Low Temperature Stability
72 hrs, at =65°F no gelation or no gelation or
separation separation

WADC TR 55-89 Part III 11



TABLE II (CONT'D)

Fresent Specification

Tests MIO 54=-645 MI1~H-844i6 Requirements
10, Foaming, 200°F
Totel volume of foam
end oil, ml 600 600 max
Collapse time, seconds 480 600 max
11, FRubber Compatibility
at 250°F, 70 hra,
% Rubber Swell
(Standard *R" Stock) 23 2515
at 400°F, 168 hrs,
closed system,
%Rubber Swell (U453~
26C elastomer) 22,1
Tensile, 1b/in2 650
% elongation 85
Hardness, Shore "A" 63
Brittle Point, °F 57
12, Oxidetion~Corrosion at
40O°F, 72 nhras,
Air Rate = § liters/hr
Copper«weight
change (mg.em?) 0u2 10.4
=Appearance red discoloration no pitting or stching
Aluminum~weight
change (mg/cm?) 0,0 20,2
~Appearance no change no pitting or etehing
Steelwweight
change (mg/cm?) 040 0.2
=Appearance blues colexr no pitting or etching
Silver-weight
change (mg/em?) 0,0 20,2
=ippearance no change no pitting or etching
% Viscosity change
at 210°F -25 $20
Acid number increase *0.7 0,5
WADC TR 5589 Part IIT 12



TABLE YI (CONT'D)

Tacts

MLO sh=BL%

Present Spacification
MIL=H-8Li6 Requiremsnts

0il Appearance

13, Hydrolytic Stability
at 200°F, 48 hrs, 25 wt %
water
copper=wt change
cm?)
«Appearance
acid number-cil layer
change
~water layer
% Viscosity change
at 210°F
% Insolubles
at 400°F, 24 hra, 0,5 wt
% water

copper-wt change

(mg/ em?)

~Appearance
Neutralization Number
Increase
% Insolubles
% Viscosity Change at
210°F

at 400°F, 24 hrs, 1 wt %
wvater
copper=wt change
(mg/cm?)

«Appearance
Neutralization Number
Increase
% Insolubles
% Viscosity change at
210°F
Breakpoint

at 400°F, 24 hrs, 2 wt %
water 2
copper-¥t chenge (mg/em®)

Dark but clear
of sollds

+.004
stain

QO

0.

=33
«07

-0.71
slight stain

042k
+003

~23

'00&9
alight stein

0.0
012

=28
4 hrs,

*0.43

0.5 nax
no etching

0.5 max
005 max

*20
005 max

WADC TR 55-89 Part III
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TABIE II {CONT'D)

Present Speeification

Tests MLO_ 54-645 MI1-H=8446 Reguirements
«Appearance blue gtain
Neutralization Number:
Inereaae 0.47
%Insclubles «023
% Viscosity Change at
210°F =34,
Breskpoint 4 hrs,
at 400°F, 24 hrs, 5 wt %
water
copper=wt ¢change
(W@g) *00149
=Appearance dark stain
Neutralization Number
Increase 0«50
% Inaclubles +4190
% Viscosity change at
210°F -58
Breakpoint 5 hrs,.
at 4OO°F, 12 hrs, 6 wt
% water
% Insolubles Gel
Breskpoint 4 hrs,
14« Thermal Stability (Closed
tubes)
at 400°F, 200 hrs,.
% Viscosity change (210°F) =19
Neutralization Number
Increase 0.0
Insolubles none
at 550°F, 10 hrs,.
% Viscosity change (210°F) =52
Neutralization Number
Increase 0.0
at 550°F, 24 hrs, _
€ Viscosity change (210°F) -6y
Neutralization Number
Increase 0.0
15, Vapor Pressure, mm Hg, at
350°F 0.67
4OO°F 2,8 5 max
WADC TR 55-89 Pert ITI 14



TABLE II (CQNT'D)

Tonts

16,

17

Lubrieity:
Shell L=Ball Vaar Test
(75°C, 1200 rpm, 2 hrs.)
Wear Scar Dimmeter, mm,
at losds of
I kg
10 kg
4O kg

(400°F, 1200 rpm, 2 hrs.)
Wear Scar diameter, mm,
at load of
10 kg
Shell L4~Ball Extreme Pressurse
Test
(1 minute, room temperatureg
steel on steel)
Seizure Point, kg
Weld Point, kg

Heat Capacity, BTU/1b/°F, at
400°F

0e34
0.1;2
0.62

1.03

80
130

768

MLO Sh=645

Present Sp=cification

Similer to
MIL-0-5606

0e24
0426
0,86

WADC TR 55-89 Part III
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