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FOREWORD

This report was prepared by the Iubricants Section, Organic Materials
Branch and was initiated under Froject No. 7331, "Hydraulle Fluids, Lubri-
cants and Kelated Materials", Task No. 73313, "Hydrauliec Fluids", formerly
RDO No. 613-15, "Hydraulic Fluids® and was administered under the direction
of the Materlals Laboratory, Directorate of Research, wright Alr Development
Center, with 0. M. Ballentine as project engineer.

This report covers work conducted from June 1954 to November 195j.
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ABSTRACT

A physical and chemical evaluation has been conducted by the Wright
Air Development Center, Directorate of Research, Materials Laboratory cn an
experimental high temperature hydraulie fluid, 05-45, developed by the Mon-
santo Chemical Company. This silicate base fluld was evaluated against
proposed requirements for a -65° to 400°F hydraulic fluid for long 1ife
piloted aircraft. This fluid conformed to such proposed requirements as
spontaneous ignition temperature , pour point, hydrolytic stability at 200°F,
and foaming tendency. The oxidation and corrosion characteristics of the
fluid at 400°F were good in all respects with the exception of a high acid
number signifying some oxidation of the oil. The viscosity of CS~-45, 1.2 cs
at LOOCF, failed to meet the desired specifigation value of 2.5 at L00°F,
Additional hydrolytic stability tests at 400 F have shown that the fluid
will break down in the presence of very small percentages of water. This
instability at high temperatures seems tc be one of the major deficiency
of this type of fluid. It is apparent from the mock up and high temperature
test data available, that the present hydrolytic stability test at 200°F
needs revision. Fluid stability testing above A00CF irdjcated that OS-45
has marginal resistance to both oxidation and thermal stability, expecially
when in the presence of metal catalysts, However this fluid is comrarable
to other silicate fluids evaluated under these requirements.

PUBLICATICON REVIEW

This report has been reviewed and is approved.

FOR THE COMMANDER:

WEITHORE
Techrical Director
Materials Laboratory
Directorate of Research
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General Discussion on the Evaluation
of the
Monsanto Chemical Company Experimental
High Temperature Hydraulic Fluid MIO 54-540

A sample of an experimental hydraulic fluid, 05-45, was submitted
by the Monsanto Chemical Company for evaluation by this Center as a high
temperature hydraulic fluid. The subject oil was assigned a Materials
Laboratory code number, MIO 54=540.

MLO 54~540 fluid, which is a silicate base fluid, was evaluated
primarily against a proposed -65°¢ to 400°F high temperature hydraulic
fluid specification. At the present time this military specification
has been assigned a temporary U3AF number and will be referred to in this
report as MIL-F-8446 (USAF). Since this is a proposed specification it is
likely that some of the testing procedures and fluid requirements will be
changed in accordance with results obtained from future high temperature
pump and system mock-up tests.

Some of the more important tests conducted on 0S-45 and the results of
such tests are given as follows:

Viscosity ~ Temperature Relationship

Viscosity measurements were conducted over a ~65° to 400°F
range. These dataare presented in Table 1. The viscometric requirements
of the proposed Specification MIL-F-8446 are 2500ce maximum at -65°F and
2.5¢8 minimum at 400*F. A maximum of 2500cs at -65°F was established since
too high a viscosity would result in loss of pump efficiency in overcoming
needless fluid friction and would create too great a response time to
actuate certain hydraulic system components. The 2.5¢s value at JO0°F is
an arbitrary figure since there has been insufficient hydraulic pump tests
at LO0°F to realistically determine the minimum viscosity a pump can tolerate
at this temperature and continue to maintain the reguired mechanical and
volumetric efficiency under the parameters of temperature, pressure and speed.
The viscosity of MLO 54=540 is 2229,5cs at -65°F and 1,20cs at 400°F, A
viscosity-temperature curve is given in Figure I.

Spontaneous Ianition Temperature (S.I.T.)

This is the temperature at which oil vapor and air ignite
without the aid of external sources such as a flame, spark, etc. Briefly
this test is performed by dropping the test fluid on a heated surface and
measuring the temperature required to spontaneously ignite the fluid. Such
conditions would be present in an aircraft if a hydraulic fluid line was
severed and allowed the fluid to be sprayed over a hot surface. The minimum
S.I.T. value required by Specification MIL-F-8446 is T700°F, MLO 54~540 meets
this requirement by exhibiting a S.I.T. value of 705°F.
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(xidation and Corrosion

The oxidation and corrosion test was conducted in accordance
with Federal Specification VV-L-79le Method 5308.3 with the following modi-
fications; 400°F test temperature and 72 hour test duration. The metals
euployed were copper, steel and sluminum alloys and pure anode silver.

Specification iIL-F-8446 requires that the welght change of the abovs
metals, with the exception of copper, shall not exceed *0.Z ng/cwe of surface
area after brushing, with copper having an sllowance of #0.l4 mg/cmz. The oil
cannot be oxidized to the sxtent of having changed +20 percent from the
original viscosity when measured at 2100F, The data obtained on the :LO 54=-
540 fluid are given in Table I. In general NMLO 54-540 possessed good oxida-
tion-corrosicn stability under the conditions of this specification test,
There was no apparent welght change in the aluminum alloy and slliver netals
and the weight loss of the coprer and steel alloys were within specification
limits, Although each of the metals acquired a stained discoloration, this
is not conmsidered serious since there was no evidence of pitting or other
phenomena associated with undesirable corrosion. The acid number change of
the oil sample was high {(6.6) greatly exceeding specification limits of 0.5.
However, this high acid number was not assoclated with other changes in the
fluid which would be exrected of an highly oxidized sample; i.e. a large
viscosity chenge and the formation of sludge or insolubles. It is gpossible
that the high acid number formed in silicale type fluids is not inherently
detrimental. GSince BLO 54~540 fluld exhibited relatively good oxidation and
corrosion stability at 4[OO®F, & similar but more severe test was conducted at
55C°F for a period of 24 hours. The results of this non-specification type
testare given in Table I. The metasls used in this tect were stainleas steel,
alurminum alloy, chrome-molybdenum steel, copper-beryliium alloy and titanium.
It is anticipated that these metals may be employed in systems operating at
texzperaturzs above 400°F. The air rate to the oil sample was the same as
in the 400°F oxidation-corrosion test,i.e. 5 liter/hour,

At the termination of this test, all the metals with the exception of
the aluminum alloy and the chrome-molybdenum steel strips met the specifi-
catlion corrosion rejuirements set forth for the LOOCT test. The oil sample
had undergone considerable degradation which was indicated by a high viscosity
change, =30.0 percent when measured at z10°F, and a significant amount of
sludge left in the test container.

Another 550°F test was conducted in which the ratio of air to oil
sample was reduced to a point of simmlating the concentration of air in
a closed hydraulic system. This was accomplished by injecting 10 ml of
alr into the test container which contained 100/m]l of oil sample. The test
vessel was previously purged with clean nitrogen gas. At the end of 24 hours
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MLO 54-540 underwent essentially the same degree of fluid degradation as
was observed in the 550°F oxidation-corrosion test, i.e. a 39 percent
decrease in viscosity (measured at 210°F), The aluminum alloy and chrome
molybdenum metal strips also had a corroded appearance in this test.

The results of these tests indicate that MLO 54-540 would be marginal
in applications at 550°F, especially for long periods and in the presence
of oxygen. Since MLO 54~540 fluid initially possesses a low viscosity
(0.9¢s) at 550°F, even a slight viscosity decrease at this temperature may
be significant in altering the lubricating power of the fluid for high
speed and pressure hydraulic pumps.

In order to provide some information on the thermal stability of
MO 5L-540 fluid, without the effect of metal catalysis, a series of
MLO 54540 samples were sealed in glass tubes and placed in a constant
temperature oven (400°F) for a period of 360 hours. Samples were withe
drawn periodically and examined for viscosity changes. These data are reported
in Table II. The viscosity and fluid appearance of MLO 54~540 did not change
appreciably under these t=sting conditions. At the end of 360 hours at
LOOF the viscosity(R210°F) had decreased approximately 10,0 percent, It
was observed that the greatest viscosity change ocecurred within the first
24 hours of testing.

Hydrolytic Stability

As an obvious corollary to the oxidation-corrosion stability
test there exists the problem of the hydrolytic stability characteristics
of hydraulic fluids.

In & test for this phenomenon the fluid sample is contaminated with
25 percent by weight of water and in the presence of a copper test specimen
is rotated at a temperature of 200°F for 48 hours.

The requirements of this test are as follows. The total change in
weight of the copper strip shall not be greater than O.Bmg/cmz. There
shall be no pitting, etching, or visible corrosion on the surface of the
copper. A slight discoloration will be permitted. After completion of the
hydrolysis test the acid number increase of either the aqueous or oil layer
shall not be greater than 0,5mg of potassium hydroxide per gram of oil. The
viscosity of the oil layer shall not have changed more than *20 percent from
the original viscosity value when measured at 210°F, The amount of insoluble
material, determined after the test, shall not be greater than 0.5 percent by
waight of the original test fluid.

MLO 54-540 passed the hydrolytic stability test described in Specification

MI~F-8446. The copper weight loss was negligible and there was no
evidence of vitting or etching. The viscosity change of the oil layer was
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only -1.25per cent (measured at 210°F), well within specification limits.
There was no significant formation of sludge during this test. The acid
numbers of both the water and oil layers were low,being 6.03 and 0.0
respectively, It is of interest to note that acid numbers do not have the
same significance in silicate hydrolysis studies as one would expect in the
hydrocarbon type molecule., The products of silicate hydrolysis are usually
not sufficiently reactive with KOH to give an sccurate indication of the
acid components formed. An additional hydrolytic stability test wes conducted
on MLO 54~540 fluid to determine its resistance to water under conditions
more indicstive of hydrolysis occurring in a closed hydraulie system at
4C0°F, This test was 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 totasl of 100 grams and placed,
with a copper strip, in the bomb's reasction flask. Hydrolysis can be
measured in this test by two methods. In the first method, the test is
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 fir degree
of accuracy, the time required for hydrolysis to oeccur, This is possible

by observing pressure and temperature changes through appropriate record-
ing devices connected directly to the sample 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 in fluid
temperature. Therefore a sharp break in both the pressure and temperaturs
recording curves can be termed the threshold of hydrolysis.

Two MLO 54=540 fluid samples were tested in this hydrolysis test.
The first sample contained 0.5 percent by welght water and was tested at
400°F for 200 hours without undergoing hydrolysis. The second smmple,
which contained 5 percent by weight water hydrolyzed in approximately three
hours, Additional tests at the intermediate concentration of 1 and of 2% of
water showed a threshold of hydrolysis of four hours for each concentration,
Mock-up tests conducted at 210°F with 2% water contamination, caused severe
filter plugging after 30.5 hours of operation. The filter plugging resulted
from solid formation dus to hydrolysis of the fluid.

The evaluation of other silicate ester fluids similar in physical and
chemical properties to 0S-{5, indicate that hydrolysis is a general problem of
the presently available fluids.

Tests were conducted on the MLO 54=540 fluid to determine the concentration
of water that this material has e tendency to absorb at different temperatures.
Not only is it important that the water concentrotion be below the concentration
necessary to promocte & hydrolysis type reaction but water also should not be
present in sufficient quantity to be instrumentsl in causing high vapor pressure
and corrosion to the hydraulic system. If a material can tie up water molecules
without significantly effecting the properties of the resulting water containing
fluids this would tend to reduce the concentration of free Wwster. To determine
the water absorbing tendency of MLO 54=540 fluid at differsmt temperatures,
samples of
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the oil were saturated with water. The free water was decanted and the oil
samples containing water were then measured at different temperatures for
their water content by the Carl Fischer Electrometric Titration Method

of water determination. The resulis of this testing are given below.

Water Content in

01l Temperature Water Added to MLO 54=-540 (percent
{(°F) MLO =540 by weight)
80.6 0 0.005
80.6 Saturated 0.031
195 Saturated 0.067
400 Saturated 0.077

It is evident that very little water is absorbed by MLO 54=540 and for
all practical purposes the fluid will have no effect on the concentration
of water in a hydraulic system.

Foaming

It is essantial that the hydraulic fluid be in complete
liquid form to insure adequate transmittance of pressure throughout a
hydraulic system. The tendency for a liquid to foam while under pumping
conditions creates a definite hazard of vapor lock and cons~guent malfunction
of the hydraulic system.

To eliminate the deleterious effect of excess foaming, Specification
MIL-F-8446 recuires that the total volume of 0il and foam after a 5 minute
blowing periocd at 200*F cannot exceed 600 ml, The foam stability, that is
the tendency for a fluid to retain its foam-liquid interface, is measured
by the time required for the fcam to dissipate under static conditions at
200°F. This time, which is referred to as the ccllapse time, has been
established at a maximum of 10 minutes in Specification MIL-F-8446,

MLO 54~540 fluid exhibited good anti-foaming properties in this test. The
total volums of oil and foam after a 5 minute blowing period was approximately
230 ml. The collapse time was determined to be 61 seconds.

Lubricity

In addition to this 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
Tester was selected as the best choice for evaluating the wear properties of
a hydraulic fluid. This testing was conducted at two temperatures. First,at
75*C and under standard testing conditions so that the lubricity could be
compared to that of the present USAF hydraulic fluid, Specification MIL-0-5606.
In the second test,the temperature was increased to the highest operating
temperature desired of the fluid,i.e. 400°F. Rubbing speeds of 1200 rpm,
loads of 4, 10, and 40 Kg and a test time of 2 hours were chosen since
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previous experience has indicated that the results obtained under these
conditions compare quite favorably with wear data from pump tests, The
average scar diameters of the steel balls employed in this test after
lubrication with MLO 54-540 were 0.38, 0,58, and 1,08 millimeters at
loads of 4, 10,and 40 kilograms respectively. Wear evaluation under
similar conditions with the present USAF hydraulic fluid meeting Mili-
tary Specification MIL-0-5606 gave 0424, 0.26 and 0,86mm wear scar dia-
meters under the three increasing loads, Specification MIL-0-5606 is a
petroleum base oil containing lubricity additives,

If realistic conclusions can be made from this screening, low tempera-
tures test, MLO 54-540 is not as good a lubricant as Specification MIL-0-5606
type tluids. However the difference in lubricity of the two fluids at the
different jaw loads may not be too significant considering the light loads
that are experienced in hydraulic systems.

Rubber Compatibility

Since many components of an aireraft hydraulic system, espe-
cially hydraulic pumps, contain rubber packings and gaskets, it is essential
that a hydraulic fluid be sufficiently compstible with these elastomers
to enable such materials to retain their original desired properties. Mili-
tary Specification’' MIL-F-B446 requires that a swelling of standard synthetic
rubber (L or R stock), by the test fluid, shall be 2545 percent when aged at
250*F for 70 hours. Briefly the test is conducted by measuring the dif=-
ference in the water displacement of the rubber specimen before and after
lubricant immersion for one week. This difference divided by the water dis-
placement before immersion in the oil sample gives the increase in volume of
the rubber specimen. The rubber swell with MLO 54~540 was found to be 14
percent which was 6 percent below the minimum spacificestion requirement.
Additional non-specification rubber tests were conducted.in an attempt to
simulate the effect that fluids have on elastomers in a closed system at
400°F. 1In this test a plasticized neoprene tyse rubber was placed in a test
tube filled with MLO 54-540 fluid. The weight ratio of fluid to rubber was
approximately & to 1. The test tube was then sealed, with a gas torch, and
aged for 168 hours at 400°F. Such properties as volumes swell, hardness and
the brittle point of the elastomer were measured after aging. Tre results
of this testingare given in Table I. MLO 54-5L0 is relatively compatible
with the plasticized elastomer used in this test as shown by a =52°F brittle
point of the elastomer after the aging of the sample. Howevar =65°F brittle
point would be desired in this test. It is theorized that a 25 percent rubber
swell will be required in the 250°F specification test to insure an aged
neoprene plasticized elastomer of maintaining a -65°F brittle point.

Sumary and Conclusions

A sample of the Monsanto Chemical Corporation high temperature
hydraulic fluid, MO 54-540 (0S-45), has been evaluated by this Center for
chemical properties. This silicate base fluid was evaluated against a proposed
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military specification referred to in this report as MIL-F-8446, Both the
requirements and testing procedures are subject to change in this speci-
fication as more experience and knowledge is obtained in fluid and test
development in the area of high temperature hydraulic fluids and their
system components.

The MLO 54540 fluid has excellent viscosity characteristiecs at the
lower temperatures but exhibits questionable viscosity at temperatures of
4O0*F and higher. Pump tests are being conducted at L00°*F on MLO 54-540
to help answer some questions on the relationship of viscosity and lubricity.

MLO 54-540 fluid exhibits fair oxidation and corrosion properties at
400°F in the oresence of such metals as silver, steel, copper and aluminum.
There was no gum or insolubles formed in this test nor was there any indi-~
cation of corrosion on the metals.

However, at a higher temperature (550°F) corrosion was noted on both
the aluminum and chrome-molybdenum steel alloys. The oil samples underwent
oxidation resulting in a significant viscosity chinge and the formation of
sludge., Eliminating the entrance of fresh air to the oil sample apparently
had 1iittle effect on diminishing either of these two adverse properties.
However, no sludge was noted in this test. It appears that MLO 54-540
possesses excellent thermal stability at 400°F for a considerable period.
The fluid when sxposed to 400*F for 360 hours underwent only a 10% decrease
in viscosity, when measured at 210°F.

The hydrolytic stability characteristics of MIO 54-540 when evaluated
in accordance with the 200°F test set forth in Specification MIL-F-8446
showed that the fluld was resistant to the effect of w:ter. However at
higher temperatures, 4LOO°F, and in the presence of 5 percent water this high
temperature hydraulic fluid underwent hydrolysis to form an insoluble mass
within 3 hours.

It should be mentioned that the silicates represent a class of compounds
that are inherently by structure susceptive to hydrolysis. From past ex-
perience with the silicate fluids it was discovered that even slight concen-
trations of water over a period of time brought about hydrelytic instability
of a fluid that formerly met the requirements of MIL~-F-84/6 Specification
test. This indicates that the presant specification test may not simulate
such conditions (e.g. hydrolysis produced by a 5% water contamination over
a 30 day storage period) It may therefore be n2cessary to modify or even
substitute a different test in Specification MIL-F-8446.

MIO 54=-540 fluid is relatively compatible with a plasticized elastomerie
packing that has been proposed for the -65° to 400°F hydraulic system. This
elastomer had a =52°F brittle point after aging 168 hours at A400°F with
MLO 54-540 fluid. This is only several degrees higher than the ~65°F brittle
point desired in this test.
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The anti-foaming tendencies of MLO 54-540 fluid, and equally important,
the ability to refrain from forming a stable foam indicates that little
trouble should be anticipated from this fluid under cycling conditions
encountered in a hydraulic system.

The results from the Shell=-;-Ball Wear Test indicate that MLO 54-540
does not lubricate as well as the USAF Military Specification MIL-0-5606
petroleum base hydraulic oil. Howev=r MLO 54=540 is a fair lubricant and
should offer sufficient lubricity to serve as a long service life hydraulic
fluid.
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