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TA LE 1., THE LUBRICANTS AND THEIR PHYSICAL AND CHEMICAL PROPERTIES
Initial Absorption Time
Spon- Thermal Evaporation {hrs) of 0.5 mol of
Pour Flash taneous Decompo- Loss, % by Oxygen 500 g Compound
Type or Structure Point, Viscosity, cs Point, Ignition sition Weight in Dornte Tests'd)
Lubricants of Base Fluid °F 100°F 210°F °F Temp.., °F Temp., °F 400°F 500°F 400°F 500°F 600°F
¢ -(mix-phenoxyphenoxy) 5 40 379 13.4 540 1030 860(3) - 5.1 - >300 45
o CholloCko
(5P4E)
Bis-  :-phenoxyphenyl) OQOQ 10 66.7 6.26 470 1080 g45(a) 3.1 25.3 _ >300 60
Feher o Gesm U0
Mine  Oil - SAE 20 White oil (highly refined) 10 76 8.8 430 - 610(b) 6(b) - <1.0 - -
Mineral Oil - SAE 60 Aircraft engine base oil 10 393 26 500 - - 1.7 - - - -
CHjy
lO| CH,
MIL-L-7808C -(CH,)g-\C-0-CH,-C-(CH,),-CH,/, .75 12.6 3.30 459 710 575(2) 8.0 96.0 17 0.3 -
H
Di-2-ethylhexyl sebacate
L-L-9236A Substituted ester -80 15.9 3.59 433 - 650(b) 5.4 53.9 - - 1200
{a) . 'mined by Isoteniscope.

(b} rermated from data of similar type or structure.
(c} ] il rapid oxidation followed by slow up-take of oxygen.
(d) wvornte test procedure given in Reference 5.












R: ion and Do etry

A scanned electron beam from a 3-mev Van de Graaff accelerator was used in the tests with
gears and ball bearings. The test oil was exposed to radiation in a special cell of three-quarter
inches deep and having five injection ports for introduction of oxidizing air. This cell has a stainless
steel window of 0.001 inch thick.

With a properly designed cell, and suitable sample thickness, energy absorption is independent
of the target liquid and energy values need not be referred to some special dosimeter. In our case,
the ceric sulfate dosimetry was used and a ceric sulfate G value of 2. 17 was found for the specific
conditions used. Electron dosages are reported in ergs/g.

Cobalt-60 gamma radiation performed at Southwest Research Institute in connection with
roller bearing tests were calculated by cobalt glass dosimetry. The gamma dosages are also

reported in ergs/g.

Test Procedures

Under electron radiation the tests consisted of operating the machines for 12 hours at the
required temperature and radiation level. The rate of supply of oxidizing air in these tests was
40 ml of air per gram of lubricant per hour. The gear machine was operated at 3200 rpm and the
bearing ma: ine was operated at 40, 000 rpm and 200 1b axial load.

Under gamma radiation the 100-mm WADD bearing machine was operated at ), 000 rpm
and 500-1b radial load.

The lubricants tested under radiation were: 5P4E, 4P3E and Air Force reference oil
MIL-1.-9236A. Periodic samples of test oil were taken during each test and analyze for viscosity,
acidity and amount of unchanged oil by gas-liquid chromatography. After each gear test the last
samples were also tested for load carrying capacity and wear.

In addition, several ball bearing performance tests without radiation were made, which will
be described below.

RESULTS AND DISCUSSION
Gears

From our previous investigations, it was learned that viscosity is the most important
score-controlling property of unreactive oils. The heavier the oil, the higher its load carrying
capacity. This relation for unreactive mineral oils is shown in Figure 6. It follows that there
should be a limit for the bulk viscosity at operating ten erature, below which the operation of
gears without scoring is impossible. This limit for unreactive mineral oils and our test gears

was established as 1 to 2 centistokes. Indeed, gear geometry and construction facts perating
conditions and nature of lubricants do affect, to some extent, the magnitude of this : 1g viscosity.
The viscosity of 5P4E, the heaviest ether used, is 2.04 cs at 400°F and 0.86 cs at , and the

load carrying capacity tests performed at 3200 rpm showed that scoring occurred with this oil on
the application of the first load (288 1b per inch of face) at all temperatures above 400°F. The tests
with gears at high temperatures and radiation were pe rmed, therefore, without any applied load.

In the gear tests the temperature range covered with polyphenyl ethers was from 600 to 800°F
and with MIL-1.-9236A oil the temperatures were 400 and 500°F. Microscopic examin: ons of the
gears after each test reveals that their conditions were excellent. All original grinding marks on
the working surfaces were preserved and no signs of abrasive or scoring wear were noted. It
appeared, therefore, that in spite of reduced load carrying capacity at high temperatures, all
lubricants tested maintained their lubricating properties provided, indeed, that the supply of
1 1t \ ] y 1L
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FIGURE 6. LOAD CARRYING CAPACITY OF 5P4E

AND MINERAL OILS

Since degradation of lubricants could affect their flow through thickening of oil or plugging
oil passages, the rates of deterioration of oils were studied. In every case the test lubricant was
periodically sampled and these samples were analyzed for acidity, viscosity and amount of chemical
change by gas-liquid chromatography. These results are presented in Figure 7 and show that both
polyphenyl ethers are definitely superior to MIL-1.-9236A oil in their stabilities to heat, oxidation
and ionizing radiation. It is of interest also that at radiation levels up to 1 x 109 ergs/g the effect
of ionizing radiation is small and thermal and oxidation stresses are the main contributing factors
for degradation of lubricants. At radiation doses over 1 x 1010 ergs/g the effect of radiation
becomes dominant.
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FIGURE 7. USED OIL VISCOSITY AND DECOMPOSITION AS A FUNCTION OF

TOTAL RADIATION DOSE IN GEAR TESTS
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TABLE 2. SUMMARY OF OIL CHANGES AND BEARING CONDITION

High temperature ball bearing tests without radiation
recirculating oil system

700°F, 60,000 rpm

Increase in Increase Iron
No. of Viscosity at in Acidity, Content, Bearing Inspection
Lubricant DP-s5ges 100°F % mg KOH/g Ppm Condition Deposits
White
Mineral Oil 20 50 .56 1.9 Good Med.
heavy
MIL-L-7808C 57 290 29.17 38.2 Pitted Med.
MIL-1.-9236A 11 15 3.93 133 Wear Very
bands heavy
SP4E 110 10 nil 3.4 Good Med.
heavy

therefore of importance. These data are shown in Figure 12. As in the case of gears, the poiyphenyl
ethers showed a superior stability to MIL-1.-9236A fluid. Figure 13 summarizes the friction

results. Here, turbine drive pressure at the end of each test is plotted as a function of total radiation
dose for the three lubricants at the test temperature indicated. At 600°F, SP4E showed no increase
in friction up to 1 x 101! ergs/g. At this temperature, 4P3E failed at a total radiation dose of

5.4x 1010 ergs/g. By contrast, the MIL-L-9236A oil failed after 11 hours with 5 x 1010 ergs/g and
temperature of only 500°F.
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FIGURE 12. USED OIL VISCOSITY AND DECOMPOSITION AS A FUNCTION OF
TOTAL RADIATION DOSE IN BALL BEARING TESTS
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(5) All unreactive lubricants suffer a decrease in load carrying capacity with
increase in temperature.

(6) It appeared that friction, load carrying capacity and wear with polyphenyl
ethers are similar to those of unreactive mineral oils of comparable
viscosity at the operating temperature.

(7) Degradation of the unsubstituted polyph: 1 ether by radiation was the same

for the various systems studied. This included large and small bearings as
well as spur gears and both gamma and electron radiation.
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