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FOREWORD

This report was prepared by the Organic Materials Branch,
Materials Laboratory, Directorate of Research, Wright Air Develop-
ment Center, with 1lst Lt. William L. R, Rice acting as Project
Engineer., It was written in cooperation with lst Lt, James H, Way,
Fuel and Oil Branch, Powsr Plant lLaboratory, Directorate of
Laboratories, Wright Air Development Center., It is the firat
part of a series of reports concerning the investigation of the
effects of nuclear radiation on organic fluids and lubricants.

This project was initiated under Project No, 2133, "Radiatiom
Effects,” Task No, 73071, "Radiation Effects on Materials,”

All irradiations, both at WADC and in other sources, were
conducted under the supervision of Lt, Robert H. Johnson, Analysis
and Measurements Branch, Materials laboratory, Directorate of
Research, Wright Air Development Center.

This report covers work conducted during the period Jamary
1956 to March 1957,
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ABSTRACT

A study was made of the stability to gamma radiation of
certain refined petroleum oils and diester fluids., Testing of
the irradiated fluids by means of lubricant evaluvation procedures,
such as viscosity, flash point, and oxidation-corrosion resist-
ance, indicated that for the tests conducted, the mineral oils of
the type studied should have genersl resistance to gamma radiation
up to a dosage of about 1 x 108 roentgens., The diester fluid
di-2-ethylhexyl sebacate (Flexol 201) had very poor stability to
gamma redlation over the same range, Addition of 0.5% pheno-
thiazine improved the radiation resistance of this base fluid,
except for the loss of oxidatlve stabllity experienced at
dosage levels of 1 x 107 roentgens and lower.

Examination was made of the test data for the irradiated
fluids to determine if any property changes followed the radiation
exposure history. This was to discover if either the mineral oil
or diester type fluids could be used as secondary reference
standards for radiation calibration of non-uniform geometries
exposed to nuclear radiation, such as bearing assemblies or
cireulating fluid loops. The changes offering the most promise
"were the increase in neutralization number of the dlester fluid
and the gas evolution of the mineral olls,

PUBLICATION REVIEW

This report has been reviewed and is approved,
FOR THE COMMANIER :

) — .
(f\)l (¢ M‘:
R. T. SCHWARTZ
Chief, Organic Materials Branch

Meterials Laboratory
Directorate of Research
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A,

I. INTRODUCTION

Bac ound

Although organic compounds have relatively poor stabllity to
miclear radiation, their use in a radiation enviromment is not
necessarily precluded. Where low radiatlon levels are encountered,
it is preferable to use an organic liquid if it has englineering
properties superior to a substitutle material of greater radlation
resistance. The limit of use is that point at which radiation
induced breakdown changes the fluid properties to such an extent
thet it no longer performs its necessary functions. This break=~
down limit is used in defining the term "damage threshold," which
i3 an arbitrary term of changing definition. For instance, if
viscosity is the only critical property, then the change in
viscosity determines the allowable maximum exposure. For complex
organic systems, such as lubricants, definition of radiation
1imit is not quite so simple., It is generally necessary to per-
form the maximum number of lubricant tests to determine the
1imits of usability. Obviously, the true criterion of a lubri-
cant is whether 1t will give satisfactory performance in the
end item application, be it a swivel chalr caster or a turbojet
engine, This is impractical in many instances, due to the
expense of testing or time required. For radiation evaluatlion,
the additional limitation is imposed of lack of irradiation space.
Irradiating quantities in excess of a gallon to any appreciable
dosage requires sizeable source capacity and often results in
delay of other scheduled irradiations. The compromise usually
adopted is to conduct laboratory tests on relatively small
volumes of irradiated fluid samples. The test program reported
herein was conducted on such a basis.

Agsociated with any test involving nuclear radiation is the
problem of determining the amount of radiation energy received
by the sample, This is particularly important in dynamic tests
in the presence of nuclear radiation. An example of the magnitude
of such a determination would be the use of a bearing rig adjacent
to a radistion source. The non-uniform geometry of the metal
componenta makes 1t almost impossible to calculate the dosage a
test fluid received, since self shielding varies aceording to
location in the rig and the fluid would not receive the same dose
at all locations during the test. A pogsible solution to this
problem is to consider the property changes in the fluid itself
and relate such changes to a standard radiation dosage. Thils

M—
Manuseript released by authors 1 May 1957 for publication as a
WADC Technical Report,
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would entail rumning the rig under no-load conditions to elimi-
nate the effects of temperature, shear breakdown, and related
test effects. When run for the same time period as the standard
test, this no=load test would expose the experimental oil1 to the
same radiation dosage. Then by comparing the property changes
of the irradiated oil to those of the same oil after irradiation
to varying dosages in 2 standard and well-calibrated source, it
would be possible to estimate the dosage received during the test.
This sort of "secondary reference standard" is attractive for
organic liquids because the circulation of the oil during the
test serves to integrate the dosage received and give bulk prop-
erty changes commensurate with those of an irradiation in a well=-
ealibrated source. An organic would be more attractive than a
water base reference fluid because it would not corrode the test
apparatus and would be similar in nature to the experimental oils
used. To this end, a typicgl mineral oil and diesggr base stock
were irradiated from 5 x 10° roentgens up to 1 x 10°® roentgens
and evaluated to see if any of the typieal laboratory tests could
be related to the dosage received,

This report i8 concerned with a preliminary survey of the
stability to gamma radiation of certain refined petroleum olls
and dlester fluids., The petroleum oils are typlical aireraft
reciprocating engine lubricants as defined by Specification
MIL-L-6082, The diester fluids evaluated are typiecal of the
syntheties used in aircraft turbine engine lubricating oils,

Data are reported for a blend of di-2-ethylhexyl sebacate (Plexol
201) with 0.5% phenothiazine, to show the effect of an inhiditor
on the radiation resistance of a dlester fluid,

The secondary objJective of this report was to determlne
the stability of diesters and mineral oils to gamma radiation
to see if any property change In either type of fluid could be
related to the dosage received so that the fluid could be used
to calibrats non-uniform irradiation volumes.

Radiation Environment

The test oils were irradiated in one of two sources. One
source 1s the spent fuel elements canal of the Materials Testing
Reactor, Arco, Idaho., This facility consists of MIR fuel ele-
ments arranged around a test rack, with canisters placed in the
rack for irradiation of the samples, Ambient temperature is
about 759F, Quart samples of the oils were placed in the stain-
less steel canisters, which have a one-eighth inch wall thick-
ness, and irradiated to the specified dosage. The dose rate
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for this facility 1s a function of thre age of the fusl elements
in the rack, varying from 5 x 105 r/hr to 3 x 107 r/hr. The
average gamma energy is estimated to be in the range 200 Kev
to 2 Mev, the importance of intermedlate energy groups varying
according to the age of the fuel element. Calibration is made
by the ceric-cerous technique, with routine checks taken using
jon chambers. Dose values for this facllity are reported on
the basis of the unperturbed irradiation volume, that is, before
the canister is placed in-source, 4&n estimate of the acguracy
of the dosimetry Indicates a possible error of plus or minus
ten per cent. Perturbation error due to the insertion of the
metal canister has not been caleulated, but has been estimated
to be about an additional twenty per cent.

The other source used was the 1500 curie Cof0 pipe at the
Wright Ailr Development Center. Samples of about A00 ml were
irradiated in the source in glass ampoules at an ambient temper-
ature of about 750F, The dose rate was about 3.8 x 105 r/hr,
with an average gamma energy of 1,25 Msv., Dosimetry was by the
ferrons~ferric technique and by means of ion chambers. Recent
measurements were made using Sigoloff dosimeters. The estimated
accuracy of dosimetry is plus or minus ten per cent, Because
of the small sample size and the use of glass containers, the
dosage values reported for thls source are probably quite close
to the dosage received by the sample.

The unit of radiation used in this report is the roentgen,
defined as follows:

roentgen: That quantity of X- or gamma radiation
which will produce, as a consequence of ion-
ization, one electrostatic unit of electricity,
of either sign, in 1 cc¢ of dry air, as measured
at 0°C and standard atmospheric pressure. One
roentgen is equivalent to the absorption of
87.1 ergs/em C (based on 34.0 Ev/ion pair),
87.7 ergs per gm of air, 95.8 ergs/gram of
tissue, or 96,7 ergs/gm of water,

IT. RESULTS AND DISCUSSION OF RESULTS

Test Procedures

The test results for the irradiated oils are given in
Tables I through VI and Figuresl through 4. All tests were
conducted in accordance with the procedures described in Federal
Test Method Standard Number 791 (3),
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Radiation Stability of Miners Oils and Diester 11ds

The stabllity of two grades of mineral oil wag investigated
after exposure in the MIR gamma canal, the data being shown in
Table I, At 1 x 108 roentgens an increase occurred in the 100CF
viscosity for both the 1065 and 1100 mineral oil. Neutrallzation
number showed an increase for the 1100 oil but not for the 1065
oil. The panel coke value went up somewhat for the lighter 1065
oil but showed a decrease in the case of the 1100 fluid. Other
properties, such as pour point, flash point, carbon residue, and
copper s8trip corrosion showed little change.

A more thorough study was made of mineral oil stability by
subgecting a 1065 o1l to increasing dosage levels in the WADC
Cob0 source. The test data are shown in Table II. No property
change was observed with increasing radiation dosage. Up to the
upper level of 1 x 10° roentgens there were so few variations in
the fluid properties that it can be concluded that for the tests
conducted, the oil was atable to 1 x 108 roentgens.,

Table III shows the results of the testing of several dlestetrs
after irradiation at the MIR gamma canal., The di-Z2-ethylhexyl
adipate, azelate, and sebacateo esters all showed the same general
change in properties. The viscosity at 210°F is relatively unaf-
fected, but the viscosity determined at lower temperatures, such
as ~659F, indicates a more marked susceptibility to change with
increasing radiation dosage. This change in the low temperature
viscogity is typical, and indicates a loss in low temperature
properties as a result of irradiation. The pour point was below
<75°F for all control and irradiated flulds., The flash point
reduction is typical of data obtained for dlester flulds, ranging
from 359F to 759F, depending on the fluid, Ewvaporation was
essentially unchanged, while neutrelization number increased
greatly with irradiation. Coke values showed little change for
the sebacate, but increased somewhat for the adipate and azelate.
Rubber swell showed an increase wilth dosage. Foaming was accept-

able,

Table IV glves the test data for a commercial di-2-ethyl-
hexyl sebacate, Flexol 201, irradiated in the WADC Cob0 source.
Viscosity shows little change up to 1 x 108 roentgens for the
higher temperatures, but does change somewhat for the lower tem-
perature viscosities. As can be seen, specific gravity, density
at 1309F, and refractive index show 1little change up to 1 x 1
roentgens, Flash point again decreases, dropping from 415°F to
a value of 2559F, a change of 160°F, Fire point did not drop as
much, showing a maximum change of 55°F, Autogencus ignition
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temperature experienced little change. Evaporation was also
unaffected. The greatest property change noted was that for the
neutralization mmber, which went from 0,01 mg KOH/gram of oil

to a high of 6,92, indicating a great increase in the acidiec con-
stituents as a result of irradiation, As could be expected, the
uninhibited o1l corroded certain metals during the 347°F oxidation-
corrosion test, showing the greatest attack on magnesium and copper.
The most important consequence of this test is that it showed
little corrosion on the aluminum, silver, or steel and a rela-
tively small increase in the very large corrosion on magnesium

and copper,

The data of Table V illustrate the effect of phenothiazine
on the radiation stability of Flexol 201, Viscositles again show
the characteristic increase with dosage. It is interesting to
note that in some manner the phenothiazine inhiblits the dgcrease
in flash point, the flash remaining constant up to 3 x 10° roent-
gens. Evaporation, coklng, neutralization number, and rubber
swell all show an increase with radiation dosage. The static
corrosion increases with irradiation, particularly for the copper.
Except for corrosion on magnesium, the 347°F oxidation~corrosion
test shows little effect on metals. The neutralization number
change for this test also increased for the larger dosages, but
not as much as for the uninhibited oil.

Figure 1 illustrates the change in oxlidation stability of
an inhibited diester with increasing radiation dosage. The irradi-
ated base stock reported in Table IV was blended with 0.5% pheno-
thiazine after each irradiation and oxidized in the Shell Develop-
ment Company version of the Dornte apparatus (347°F, copper wire
catalyst, circulated oxygen). The induction period, or time to
reach the break point of the O, absorption curve, was changed by
the irradiation, The induction period fell quite rapidly, until
at 2.5 x 107 roentgens, the oil absorbed oxygen at a constant rate
with no induction period break point observable, This loss of
oxidative stability as a result of irradiation is a common charac=-
teristic of oils exposed to nuclear radiation and is reported by
Back (;) and the Shell Development Company (j).

Figure 2, which is taken from the data of Flgure 1, gives an
interesting relationship. Taking the induction period as the time
to absorb 0,5 moles of oxygen per 500 grams of oil, and plotting
this value against the radiation dosage, the ¢yrve of Figure 2 is
obtained, In the range of 1 x 107 to 1.1 x 10° roentgens, a log=
log plot gives a straight line relationship between the oxygen
uptake and the dosage.

WADC TR 57-R66 Pt I 11



TABLE V

EFFECTS OF GAMMA RADIATION ON AN INHIBITED DIESTER
(Di-2-Ethylhexyl Sebacate (Plexol 201) plus 0.5% Phenothiazine )

Dosage (Roentgens) 0 3x107 1x108 3 x108
Viscosity (centistokes)
210°F | 343 4«30
100°F 13,08 17.68
~65CF 9,762 17,978

S o w0 s |
s, § @ ey o] 71 [ w0 [z | o
s wor w50 [ O w @ a®
Reutralization No. (mg KOH/gm) |“l|| 0.74
mer swis, T oo 0| 167 || s [ 0w | ma
Gear Test (1b./inch) |||ml 2250
roming B

L50°F Corrosion (mg/in?)
Silver 0,18 =023 () g2 046
COPPBI' =) .80 -0183 -0-93 ""3 103

347°F Oxidation-Corrosion
Weight Change (mg/cm?)

COpper 0-07
Silver 0,04
Steel =0,11
Aluminum 0.07
Magnesium -10,21
1009F Viscosity Change (%) 22,06
Neutralization Rumber Change ‘3 T7

(1) MIL-1-7808 control
(2) False bottom, 4 hour test
Note: Samples irradiated at MIR gamma canal

WADC TR 57-266 Pt 1 12
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The radiation stability of the mineral oils and djlesters
studied is such that in the range of 1 x 107 to 1 x 10° roent-
gens, only a few tests can be used to trace the radiation expo-
sure, Infrared analysis, which was conducted on all of the
irradiated mineral oils and diesters, showed no change in the
infrared spectra up to the maximum dosage, For commercial di-
esters of the Plexol 201 variety, all changes in the range from
5 to 12 microns are masked by the base stock, so the history of
the radiation induced changes cammot be traced. The mineral
oil reported in Table II did not show any change in infrared
spactra with increasing radiation dosage, which is consistent
with the lack of change in the gemeral physical and chemical
properties of the fluid., Infrared analysis does not follow the
dosage for either the diester or mineral oil type fluid up to
1 x 108 roentgens and cannot be used to indicate exposure t0 ganmma
radiation for these fluids.

The induction period of Figure 2 has a possibility of use
for testing irradiated diester formulations, since it gives a
straight line relationship over an order of magnitude change in
radiation dosage. Since this is not a standard test, 1t would
not be easy to establish the induction period change as the basis
for evaluating a secondary reference fluid of the diester type.
A simpler technique would be preferable.

The change in neutralization number of the diester Plexol
201 appears to have promise as a method of determining the expo-~
aure to radiation. Figure 3 shows the data on neutralization
number change for the irradiated diesters. Althou h the da
are preliminary, it would appear that from 1x)0/ tolx1l
roentgens this test would be feasible for determining the dosage

received.

Of the property changes investigated, the one thal appears
most promising over a wide range of exposures is the gas evolutlion
of the exposed material., Teble VI and Figure Z, illustrate some
data on gas evolution of irradiated mineral oils. As can be seen,
a loglog plot of gas evolution against radiation dosage shows the
gassing to be a power function of the dosage, This indicates the
posaibility of a techn%que usable over a wide range, l.e., from
1 x 107 through 1 x 107 roentgens. More accurate determinations
at the WADC CoPC source on a wide range of fluids show the same
sort of straight line relationship. All of the fluids irradiated,
mineral oils, silicones, and disliloxanes, gave a gtraight line
relationship on loglog paper for gassing with increasing dosage.

WADC TR 57-266 Pt I 15



SHIEGNNN NOILVZITIVHLNAN ¥ALS3IG NO 39vSOQ 40 103443 :€ NI

SNI9OLN30YH ‘3I9VSOG NOILVIQVY
Ol 8 9 ¥ r 0Ol 8 9 b ra

©

¢ ™

AVYNVO VANVO HIN

© O

©
O

N0 40 WO /HOM SN “ON NOILVZITVYLN3N

WADC TR 57-266 Pt I

Q @
- O

O
o

O
<

Q
©

O
@

ToYo]

16



* TeUBRO BUWBZ YN UT PO}RTPeIIT seTdusg 830N

oTxoc | szo | prxo

LOT X 0°¢

(0T X 0°T
20T X 0°1

$00T °peT

2°0 OTXT'T | €2°0 OTXTT [} 6T°0 | ,OTX0T
*bP] TH/S®D TH  esoQ °*PTT TH/e®H TH  esoq °DYT TW/e®H) TH  ©80Q °DTT TW/S%H TH  980(
O0TL epem $90T opsm) OT0T epBIm
Z809~T~1IN T809-0~TIN

STI0 HAFIOHLEd AILVIAVEEL 40 NOILATOAE SVO
IA J149VL

WADC TR 57266 Pt I

17



40.0

QOO

200

TP
O
(@,

S
o
o ©

B
o

g
o

© O —
o OO

GAS EVOLUTION, ML GAS/ ML LIQUID AT
o _
H

MTR GAMMA CANAL

- e
107 2 4 6 8 10° 2 4 6 8 10°
RADIATION DOSAGE, ROENTGENS

FIGURE 4: EFFECT OF GAMMA RADIATION ON
GASSING OF MINERAL OILS

WADC TR §7-266 Pt I 18



III. CONCLUSIONS

18018 '! otab £y of aral O1ls apnd Diester nids

For the fluids tested and reported herein, it is concluded
that the mineral oils meeting Specification MIL-L-6082 should
possess general stability to gamma radiation up to the level of
1 x 108 roentgens, with relatively minor changes in a few prop-
erties such as viscosity.

The uninhibited diester fluids show ruch greater suscepti-
bility to gamma radiation in the same range. Viscosity shows
an increase, especially at low temperatures, flash point goes
down radically, and neutralization number shows a large increase.
Also, addition of an inhibitor (phenothiazine) to the irradiated
di-2-ethylhexyl sebacate (Plexol 201) does not prevent loas of
oxidative stabil 1ty .

Over the same radiation range (up to 1 x 108 roentgens),
Plexol 201 inhibited with 0,5% phenothiazine prior to lrradiation
shows a slight improvement over the base stock, The viscosity
does not increase to as great an extent with irradiation, the
flash point remains stable, and the neutralization number does
not increagse as much. Since the base stock and the inhibited
formilation were irradiated in different sources, the data can
not be compared too closely, but it is evident that a general
increase in capabilities of the ester 1s observed 1if it is
inhibited, However, it must be emphasized that extensive tests
indicate that the decrease in oxidative resistance of irradiated
aliphatic hydrocarbons and disster fluids as measured by the
Dornte test is not hindered by the addition of Iinhibitor prior
to or following irradiation (5).

It can be concluded that on the basis of this and other
work (&), diesters do not have as great a resistance to propertiy
changes as do mineral oils following exposure to increasing
dosages of gamma radiation,

.

-:._u; IV DY .:_l:: 51 _;5_ 2T O} N _!_f.. 0 "_; . ¥ !;’_._L:.'-_“:

Of the tests performed, only two appear to have promise for
following the radiation exposure history. Omne is the change in
neutralization mumber of the diesters with increasing gamma dosage
and the other is the gas evolution of a fluid with increasing
dosage, both properties being power functions of the radiation

WADC TR 57-266 Pt I 19



exposure. Since both tests are relatively easy to perform, there
would not be any great difficulty in establishing standards for
measuring the dosage. The gas evolution would be particularly
convenlient, for 1t would only necessitate a calibrated gauge for
attachment to the system, the pressure reading being directly
related to the radiation exposure,

IV. FUTURE PLANS

Evaluation of the stability of diesters and mineral oils to
higher radliation levels has already been undertaken., Testing is
now in progress on mineral oils irradiated to 1 x 10 roentgens
by WADC and the data will be reported when completed. Diesters
and mineral oils are being extensively studied under contract by
the Esso Research and Engineering Company (6) which is contimuing
the work along this line., Information on the effects of additives
in base stocks has been reported in references (4) and (5) and
will be presented in future reports.

Measurement of fluid property changes to refleet radiation
exposure i3 being undertaken by Air Force contractors and will
be discussed in future contract reports.
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