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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 First lieutenant William L, R. Rice acting as
project engineer., It is a general summry of studies for nuclear
radiation resistant lubricant development and research canducted
by this Center. The work reported herein was initiated under
Projeet Number 2133, "Radiation Effecta,” Task Number 73071,
"Radiation Effects on Materials"'.

This report covers a period of work from January 1956 to
Mgy 1957.

All irradiations performed were under the supervision of
Lt. William R, Daniels, Analysis and Measurements Branch, Materials
Laboratory, Directorate of Research, Wright Air Dsvelopment Center,

This report was presented at the First Semi-Annual 1254

Radiation Effects Symposium sponsored by the United States Air
Force, which was held in Fort Worth, Texas, on 22 and 23 May 1957
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ABSTRACT

This report presents a general summary of the state of the
art of nuclear radiation resistant lubricant development. Data are
presented on the effects of gamma radiation on currently available
fluids and lubricants, showing the limitations of each., Develop-
ment of advanced materials is discussed, with a general outline
presented of the approach taken by the major support contractors.

It 48 estimated that on the basis of information to date,
conventional ester type lubricants should prove operable to at
least 1 x 107 roantgens of gamma radiation at temperatures from
-65° to 3500F, Improved ester types, of the aromatic ester or
complex ester variety, with proper additives, are expected to give
suitable performance up to about 1 x 108 roentgens, operating in
the temperature range =400 to 400°F or higher. Selected mineral
oils, usable from about 00 to 400°F, may possibly be reliable to
about 2 to 3 x 108 roentgens, The aromatic ethers, which are
expected to be stable at temperatures well above 400°F (laboratory
teats show thermal decomposition temperatures of 700° to 800°F),
have not been evaluated for radiation resistance, but based on
similar types of aromatic compounds they should be stable in the
range 107 to 1 O-roentgens. Mich further work is required to
verify this estimate.

A sumary is presented of the future plans and major problem
areas remaining in the fluid and lubricant development programe.

PUBLICATION REVIEW

This report has been reviewed and is approved.

/9,7?57/-{

R. T, SCHWARTZ

Chief, Organic Materials Branch
Materials Laboratory
Directorate of Research

FOR THE COMMANIER :
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I. INTRODUCTION

Successful development and utilization of nuclear powered alr-
eraft depends, to a large extent, on the avallability of materlals
of construction. The presence of muclear radiation creates greater
problems than in current non-nuclear systems, since materialas must
withstand both nuclear and thermal effects. A particularly eritical
type of material is one of organic composition, since the organics
have radiation stability of comparatively low order. OUne muast then
question the use in a nuclear bomber of greases, hydraulie fluids,
engine oils, gear oils, fuels, instrument oils, and any other lubri-
cant or fluid of an organic nature, To determine the magnitude of
the problem and find possible solutions, several steps must be taken.
First, the limits of usability of current or conventional lubricants
and fluids must be established, If they are not suitable for a par-
ticular application, one muat either try to improve them or dewvelop
substitute materials of greater radiation resistance, #s a last
resort, if no other alternative is available, the problem component
and its susceptible lubricant mist be shielded or relocated to
reduce the radiation to tolerance levels, This counld result in a
weight penalty, reduced system reliabllity, or both,

Rather than wait for final system design eriteria, the Materials
Laboratory of the Wright Air Development Center has been conducting
extensive research on the development of nuclear radiation resistant
flulds and lubricants. This program, which has been in effect for
well over a year, is designed to provide organic materials of
optimum stability to the combined effects of nuclear radiation,
thermal breakdown, and oxidative degeneration. The research efforts
have not been bound by specification requirements but have instead
been aimed toward target properties. Such an approach does not
1imit the contractor to those materials meeting certain requirements,
but allows him to find what fluids have the greatest number of desir-
able properties, In this manner he car follow a systematiec approach
to the final goal without being hampered by the necessity of meeting
rigid end item specifications.

The target properties that have been established for the
various development contracts are generally based on the most recent
non-nuclear high temperature specifications, with the temperatures
extended 50°F to 100°F or higher, Radiatlion levels that rmst be met
are set in the range from.log roentgens to 107 roentgens, the area

Manuscript released by author 9 May 1957 for publication as a WADC
Technical Report.
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in which all conventional lubricants show major property changes,
A1l irradiations have been conducted in gamma sources thus far due
to the lack of well calibrated reactor facilities capable of han
dling large volumes of test fluids and lubricants under the desired

envirommentsl conditions.

In essence, we are seeking at present materials that represent
a major breakthrough in the state of the art of high temperature
lubricants. These materials must alaso possess the quality of resist-
ance to relatively high levels of nuclear radiation,

This report is intended to give a brief survey of the changes
occurring in irradiated fluids and lubricants, the probable limi-
tations on available materials, and the approach now being followed
to develop advanced products.

II, RADIATION RESISTANT GREASES

Work on the development of radiation resistant greases has been
conducted by the California Research Corporation since the early
1950's, This effort was initiated under the auspices of the Atomic
Energy Commission (2, 3) and is now being sponsored by the Materials
Laboratory of the Wright Air Development Center (7). A survey was
recently completed by the Wright Air Development Center of the gamma
radiation stability of a wide range of military specification greases
(6). Additional unpudblished work has been conducted by industrial
research organizations.,

The initial work by the Californis Research Corporation indi-
cated extreme sensitivity of greases to the action of radiation.
Conventional metallic soap-mineral oil greases showed excessive
softening at gamma dosages of about 5 x 108 roentgena, Use of alkyl-
aromatic fluids with selected thickeners gave lmprovement of the
resistance to softsning, but major change again took place in grease
hardness at 5 x 107 roentgens (2). Further research led to the con-
clusion that the resistance of a grease to radiation depends strongly
on the combination of thickener, base oil, and added inhibitora., It
was found that compounding greases with special additives did not
improve capabilities at high radiation levels, even though initial
performance was increased. It was concluded that greases of improved
stability to nmuclear radiation can be formulated from alkylaromatic
oils with selected gelling agents, Such greases could be expected
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to be comparable with present greases on the basis of non-nuclear
performance and would probably still be useful at dosages above

1 x 109 roentgens (3). Testing of conventional greases showed

that at dosages of 6 x 10§ roentgens, bearing 1ife can be reduced

as much as 90%, bomb oxidation stability was impaired appreciably,
low temperature torque showed a minor change, and evaporation showed
only a8 slight increase. Copper corrosion did not appear to be
markedly changed by dosages up to 3 x 10”2 roentgens, Wear prop-
erties appeared to show a slight improvement, Penetration increases
with irradiation (indicating considerable softening) then decreases
to eventual hardening of the grease to first a rubbery solid and
finally a hard resin-like mass, Use of greases in neutron fields
poses a speclal problem, due to neutron activation of high cross
gsection elements, It was concluded that careful choice should be
made of greases for such an application to minimize the hazards of

radiocactivity (3).

The grease development work of the California Research Corpo-
ration 1s now in effect under sponsorship of the Wright Air Develop-
ment Center. Work during the first contract year verified earller
obgervations to the effget that conventional lubricating greases
soften (to about 5 xﬂlﬂg r.) and then harden {above from 5 to
10 x 10° r,) under gamms irradiation., It was also confirmed that
properties such as bearing performance, corrosivity to copper, and
bomb oxidation resistance suffer on irradlation, The initlal sof-
tening on irradiation can be greatly reduced with the aid of an
aromatic gelling agent, Sodium-n-octadecyl-terephthalamate, in place
of conventional soaps. The hardening that takes place at hlgher
dosages can be postponed by the use of an alkylaromatic oil, such
as octadecyl biphenyl, in place of the usual mineral oils, The most
promising type of grease for high temperature operation in the
presence of nuclear radiation appears to be a Cq4-C3g alkylbiphenyl
gelled with a sodium terephthalamate and containing a selenide
inhibitor (7). Future development efforts will be devoted to
improving present experimental greases and conducting extensive
evaluation of the more promising formulations.,

A screening program was conducted by the Wright Alr Develop-
ment Center to determine the usability of currently avallable
greases, both of apecification and non-specification type. The
greases were irradiated to gamma dosages of about 1 x 10° roentgens
and subjected to specification type tests, The greatest changes
took place in penetration, bomb oxidation, and bearing 1life, with
relatively minor changes in properties such as oil separation,
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evaporation, gear wear, low temperature torque, dropping point, or
copper corrosion (6). Table I gives a brief summary of test data
of four of the greases studied. The Sinclair L=3.7 grease, a
qualified MIL-L-3545 product, although showing a marked change In
penetration, softening by 30 points on the worked penetration,

cave excellent bearing performance at 250°F, The Master Lubricants
Company grease M=3, a soap thickened mineral oil grease, showed
1ittls change in test properties and minor change in its 250°F
bearing performance. The MLG 9307, an experimental MIL-G-3278 type
grease, showed poor stability in the 350°F bearing test, while

MLG 9305, an arylurea-silicone grease, showsﬁ no change in bearing
1ife at L50°F after irradiation to 6.5 x 10/ roentgens. Tables Il
and III give test data on the MLG 9305 and a copper phthalocyanine-
IC 710 grease, illustrating changes taking place at comparatively
low levels of gamma radiation. These two greases are being evalu-
ated in the high temperature bearing test at L500F for each dosage
level to find the limits of usability of such types.

Summary

At comparstively low dosages of gamma radiation, from 107 to
108 roentgens, tests have indicated that conventional greases of
the soap thickened mineral oil type should be satisfactory, within
the temperature limitations of the grease., Creater trouble 1is
expected with the higher temperature greases based on silicone
fggids, since certain of these fluids solidify or gell at about
10° roentgens. The diester oil-soap thickened greases, such as
those meeting Specification MIL-G-3278, could be expected to glve
trouble at about 108 roentgens, so careful selection of such &
grease would be necessary. |

When higher dosages are to be encountered, in the range 108
roentgens and higher, specialty greases of proven radiation
resistance will be required., For such an application, it will be
necessary to test the grease with and without nuclear radiation
present, since the newer radiation resistant greases are nol proven
for lubricity or bearing performance capabilities under varying
desi )conditiona. Such greases are discussed in references (2)
and (7).

For use at neutron exposures equivalent to the gamma dosages
discussed above, the same limitations on grease types could be
expected. The additional problem of neutron activation must be
considered, since the more common greases with 1ithium or sodium
soaps will become radiocactive. So long as the induced radiocactivity
can be tolerated, greases appropriaste for the specified bearing and
temperature conditions can be used,
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IX¥I, RADIATION RESISTANT GEAR OILS

A minor portion of the California Research Corporation research
effort on the current Air Force contract is devoted to development
of a gear lubricant., The work to date has been limited to investi-
gation of extreme pressure (EP) compounds, since the engine oil base
fluid development under the contract is expected to produce the most
suitable base fluld for the finished gear oil. In preliminary
studies of EP additives blended in a polyglycol fluld and two
aromatic fluids, it was found that the additives adversely affect
radiation stability. In some cases, the blends showed lower radia-
tion stability than the base oll alons. Viscosity inereases ranged
from about 30% to 3008, A sulfurized olefin appeared to have the
least effect on the radiation stability., Preliminary studies have
led to the conclusion that a probable candidate for a radiation
resistant gear oill would be composed of a cl?_cég alkylbiphenyl
containing a selenide inhibitor and a sulfurized olefin EP agent,
Future studies will be directed along this line (7).

Two qualified MIL-I-6086 petroleum base gear lubricating oils
were drawn from Air Force stock and tested for resistance to gamma
rediation. The light grade o0il data are swmmarized in Table IV,
the medium grade oil data are given in Table V. In the range of
gamma dosages up to 1l x 10% roentgens, the light grade gear oil
showed major changes in most of its properties. The viscosities
et 100° and 210°F increased approximately 1004 and the flash point
dropped over 60 degrecs. The autogenous ignition temperature was
unchanged, actually showing a slight improvement. Evaporation
appeared to show & minor improvement, with a smaller percentage
loss occurring for the test on the oils exposed to the higher lewvels.,
Gas evolution showed the usual rise with dosage. The oxidation-
corrosion test at 2500F, which 18 not a specification requirement,
indicated that up to about 1 x 108 rosntgens the metal corrosion
did not worsen. Copper corrosion for the control was excessive,
but it did not worsen appreciably, In fact it was gmaller at the
higheat dosages. However, in light of the excessive copper corrosion
at all levels and the increasingly severe magnesium and cadmium
corrosion at the higher levels, it is obvious that even under the
relatively light test conditions the o0ll does not possess resglstance
to oxidative deterioriation and attack on metals,

The medium grade gear oll, shown in Table V, was irradliated
over a wider range of gamma dosages and tested under more severe
conditions. The oil showed the sams attack on copper as the lighter
grade, the test in this instance being conducted at LOOOF for R

WADC TR 57299 8
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hours, OSilver corrosion was significant at 1 x 1071roentgena and
all metals except aluminum showed attack at 1 x 108 and higher.
Although the metals were actually less corroded at tre highest
dosage, 3 x 10%, this does not constitute an irmprovement in oil
qualities, since in any application this level would not be reached
until the corrosion of the intermediate levels was experienced.
Physical properties showed the usual change. Viscosity increased
after a minor decrease at the lower levels, pour point increased
at 1 x 107 roentgens, and flash point dropped drastically starting
at about 1 x 108 roentgens. Fire point followed the change in
flash point, while the autogen ignition temperature fell by
over 50 degrees between 3 x 108 and 3 x 109 roentgens, Evaporation
was essentially unchanged. Gas evolution showed the usual increase

with irradiation.
Suzmary

Information to date on radlation effects on gear lubricants
1s insufficient to Justify conclusions as to usability under
different conditions, Changes in lubricity following irradiation
have yet to be determined. Extensive testing and evaluation is
necessary before gear lubricant limitations will be fully kmown,

IV, RADIATION RESISTANT HYDRAULIC FLUIDS

Development of a nuclear radiation resistant hydraulic fluid
1s being conducted by the California Research Corporation under Air
Force sponsorship. This development effort is a major portion of
the overall contract and is divided into two general categories,
evaluation of the limitations of presently awvailable fluids and
formulation of improved hydraulie fluid blends,

Studies are almost completed on the evaluation of silicate
base hydraulie fluids, particularly MLO 8200 fluid, after exposure
to gamma radiation. Californias Research Corporation has concluded
that the max permissible gamma dosage for MLO 8200 fluid appears
to be about 10° roentgens or slightly higher, At this level they
feel that there is negligible viscosity change. Gas evolution,
predominantly hydrogen, amounts to about 1 ml of gas per ml of fluid
per 2 x 107 roentgens (z). In addition to laboratory testing of
8ilicate fluids, pump testing of the 8200 fluid has been conducted
before and after exposure to 7.85 x 108 roentgens. In brief, it was
concluded that irradiation to this level triples the viscosity but

WADC TR 57-299 11




that the fluid could stiil be used in hydrauvllc systems employing
New York Air Brake pumps with some reduction in wear to be expected.
It was felt that operation of pumps at temperatures much below COF
would be impaired (7).

Laboratory testing of MLO 8200 and 8515 flulds has also heen
conducted at the Wright Air Development Center. Tables VI through
IX give a summary of the test data for the control and irradiated
fluids. Table VI gives the results of some preliminary irradiations
in the WADC 8000 curie Cob0 source, for which only gas evolutlion and
viscosity were determined. Extenslve testing was conducted on
larger volumes of samples irradiated in the MIR gamma canal. These
data are given in Tables VII and VIII for MO 8200 fluld and in
Table IX for 8515 fluid., As is usual for irradiated fluids, the
8200 fiuid showed an initial minor decrease in viscoslity with
irradiation and then a very marked increase at the higher dosage
levels. The flash and fire points were drastically reduced at the
lowest dosage, 5 x 107 roentgens, and were even lower at the higher
levels., Pour point and evaporation were not changed greatly. The
neutralization number showed an increase with irradiation. Metal
corrosion during the oxidation-corrosion test was particularly
marked for copper but was also large for the steel, It is inter-
esting to note that for some reason the two samples irradiated to a
gamma dosuge of 5 x 107 roentgens did not fall in line with the -
higher level irradiations. The reason for this is not at all appar-
ent. This same inconsistency was noted for the hydrolytic stability
tests, wherein the copper corrosion following the test was far
higher for the lowest dosage than for the control or the higher
levels of radiation. Further work will bs necessary to establish
why a nominally low dosage should cause such apparently radical loss

in fluld stability.

The 8515 fluid, which is a blend of MLO 8200 with 15% di-2-
ethylhexyl sebacate, gave similar property changes as the MLO £200
fluid. It was again notad that the samples trradiated to § x 107
roentgens caused metal corrosion during the oxidation=corrosion
test that exceeded the corrosion at higher dosages. In particular,
steel showed a very large weight loss at the lower irradiation level
as compared with the loss at the higher dosages. The unpleasant
possibility exista that certain critical properties of fluids are
more seriocusly affected at lower dosages and are improved by irradia-
tion to such an extent that at higher levels it is not apparent that

changes have taken place.
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TABIE VI - COBALT-60 IRRADIATION OF MLO £200 AND 8515 HYDRAULIC FLU

Fluid

MLO 8200
MO 8200
MLO 8200
MLO 8200

MLO 8200

8515
8515
8515
8515
8515

Gas Evolution Viscosity {(cs)
Dosage (Roentgens)* (ml/ml at STP) 100°F 210°F

[ owa | o [ e [ o
T T
T T R Y
oo | o [ s | e

T B T

e o e [
T T N
e | i | me [ e
e | o | mw | o
[ o | e | ww |

* WADC 8000 Curie Co source
Note: MLO 8200 was from Batch 53406-R
8515 was from Batch 53685-R

WADC TR 57-299 13



*¥~90YES Ydjeg WOy BBM PINTI 0028 O
*(Tw/TW g°LZ Sem uoInTose 883) Y OT X 2°T 38 POTITPITO8 T-6£0T-95 OTH OTdwe®g  3870N
J000% 38 @Tr38ToA BT TBTIeIE (T)
Teus) BWiB) YW UT POIBTPELI (T)

T I I I I I I O I e
T R D e I e e

9¢°9T || 09°9T | 80°LT || 2€°ST | 20°LT | €4°91 La*TZ £ 2t Amaooq

‘esay §9) ¢ ‘uoryevrodeay

o | o | on| | o] ew| | wa | o) e s

T I e I I I I R R

= I I I I ) R R

e o [ o [ ey [ | e | o e
T4 0L 7L T6*6C || 2L°ST 0001
92°* L6 ¢8°6 || 70°¢ do0TC
(2) 0°e )| £9°1 Jo007

(863{038TquU80) AFTB00STH

60T X 0°T 20T X 0°¢ 0T X 0°1 JOT X 0°6 0 (1) (suesjueoy) a&sesoq

SAT LYEJIOud TYOISAHd = QINTI OITNVYAZH Q028 OTA NO NOILVIAVY WOIVO J0 SLOWALE = IIA JIEVL

WADC TR 57-299



"HY-907LS YO3eg WOy 8eA PIULT 0028 OTA 950N
'peqe1duod eq qou pInod 3864 ‘{163 pewrol Telaej8y (¥)
OY78-H-TIW UT s® Q04 ¥62 puU® o007 38 8anoy gy va
9778~H=~IIN UT 8% ‘Io00% 38 Ban0Y 2. ‘pezlan}sTup (2)
T8UB) sumen Y4 Ul pe3sIpeddy (T)

(uotup) I0T0H
9 ‘xeleT TIQ UT °*stosug

edusyy
101 JY
g
I04%T TT0
JodeT J998M
laqumy UOTFBZTBIQNSN
g ‘esvoJour
(7) 1013y
8JoJeg
(80) Ao0TZ 3% A3[SOOSTH
TO®O (M0/3w) sso] *4M Jeddop
(¢) £37TI4BIS OTIATOIpAY
73° V1 9 ‘8807 uorjvIOodeAy
AR g, ‘eswarouy
TETY 633V
06° 86 810367
| (89) Jo0TZ 38 L3 TE0OSTA
Z Adtas edusyy
86°0 1933V
920 e.103eqg
JeqUIy] UOT3BZTTRIJNEN
286°0 18838
000°0 1L8ATES
9T0° T zaddog
O10°0- UMU WO Ty
(Zwo/3m) S5OT *34 TEIEN
(2) U0 R0LIO-UOTIBPTX)
0T X 0°T QT X 0°¢ 0T X 0°1 J0T X 0°¢ (1) (suediueocy) edesog

SLSEL ALITIEVLS = ANTA JITAVHAAH 0028 OTH NO NOTLLVIAVH WKW J40 SLOWAAA = ITIA WIdVlL

15

WADC TR 57-2G9



*Y~GP9¢S UdJed WOJF SeM DINTF GTS8  $930N
(SMTig-H~1IN UT 5%) Jd,001 3® s.moy gl ‘peslani®IuiN (%)
PSUTIISLOp 9Qq 40U PINOD A}TE00ETA ‘OTT1eTIop (2)

Teuep euwep YIN UT POIBTPRIST (T)

G8°¢T L3 ¢T
¢*Lq LG
L°61 92° ¢
9877 99 ¢
1T*0 2c*o
¢2"1 a1
21°1 ¢a T
AT (S ¥ 061" 1
970°0 000°0
G25°0 2610
S10° 0~ 9T0°0
yee] xee]
AN ¢z 1
6L'2¢
008
622
05T
O~
0*.12
R AU
(e)
mo._... X 0T

A e ———

T at 00° 11 L9*g () ssoT uarjesodeaqy
OMHMH Jw.m: om.m: (%) esesadsg
’ * J83JY
0L° 11 8lL°2T _ L0°L 8.1030J
- ’ ! (82} 5012 3% hﬁ%mnumﬂb
"0 T6°0 20°2 SOVELD
96°* 1T U (A 0g°e J91JV
Al ¢6°1 8L°0 8.1039¢
JoqUM)N UOT3RZTTRJINSN
L90°1 et e _ 040°0 18645
¢£0°0 910*0- €00 JSATTS
55¢°0 ¢TR*0 7¢1°2 qeddon
¢20°0 G10°0- G10°0 UKUTUmT §
ANEu\mEV $807 *90 TB1OR
(¢) UOTSOLIOH=UOTIEPTX0
B°L G*6 0°2 _ g T (T®/TW) UOTINTOAT SED 90
28T ¢6°1 gL*0 (110 W3/HON 3m) oy *qney
_ g6 LT (d,001 s §9) ¥ ‘uotjesodeaq
04l (do) UOT3TUdY Snousdoqny
ohe (o) utod 8ITJ
012 (da) uTOd YSE®ELY
G-y (o) uTOd anog
90°ce . Jo00T R
0°L Zo0T2 §
ge*e Jo00M i
(se)016Tqued) L4TB800STA :
0T X 0°4 0T X 0°T T X 0°G 0 (1) (sueB3usoy) e3esog £
— o
=

INTd OITOVEUEH §TS8 NO NOLIVIQVY VRMVD J0 SI0R4dE - XI F14VI



Development of improved fluids is the second phase of the
hydraulic fluid portion of the California Research Corporation con-
tract effort. They have concluded that the alkyl aromatics and
alkyl diphenyl ethers offer the best possibility of providing base
materials having stability to thermal breakdown and nuclear radia-
tion degradation. The physical properties of such fluids do not
compare with those of the silicate fluids, but changes after
irradiation do not appear to be as large. A type of hydraulic
fluid formlation appearing most promising based on contract work
to date 18 composed of a 014"016 diphenyl ether containing a poly-
butere thickener, a selenide inhibitor, and a silicone defoamer (7).

Summary

Test data obtained for conventional petroleum base hydraulic
fluids of the MIL-0-5606 "red oil" variesty indicate radiation
induced changes in viscosity (over a 50% decrease in the 130° and
-/, OCF values§.and an increase in metals corrosion during the
oxidation~corrosion testing. This type of fluid is not satisfactory
for hydraulic applications at even a relatively low gamma dosage.

Experimental silicate hydraulic fluids of the MO 8200 type
appear to have promise of use at gamma dosages up to 1 x 108 roent-
gens, Further testing will be necessary to verify this assumption.
Actual rig testing will be particularly necessary for such hydrauliec
fluids, since properties such as gassing with irradiation have not
been correlated to date with possible changes in system performance.
Figure 1 shows MLO 8200 gassing in comparison with that of other
irradiated organic fluids,

Polymer thickened alkyl diphenyl ethers are being considered
as advanced hydraulic fluids, for combined qualities of radiation
resistance and thermal stability., The capabilities of such blends

are now being determined,
Work is in progress on the use of liquld metals as power
transmission fluids (ll1).

V. RADIATION RESISTANT ENGINE CILS

The greatest emphasis in radiation resistant lubricant develop-
ment has been placed in studies pertaining to engine oil development.
This is quite reasonable in light of the fact that the engine olls
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encounter the most exacting environmental conditions. For a miclear
engine, the oils mist withstand the combined effects of nuclear
radiation, thermal degradation, and oxidative deterioration. This
requires an oil which must not only withstand radlation but mst
actually be superior, under non-nuclear conditions, to the best oils
available today. Consequently, there are now in existence three
contracts devoted wholly or in part to engine oil development., Part
of the California Research Corporation effort is devoted to an
engine oill study and the entirety of the contracts with the Shell
Development Company and Esso Research and Engineering Company are
for engine oll development.

Before discussing the contract efforts, some Informatlion will
be presented showing why presently available materials do not appear
overly attractive for muclear applications. Table X shows the
effects of gamma radiation on a Specification MIL-L-6387 synthetic
base lubricating oil. Such an o0il has additives to impart oxidation
stability, improve viscosity-temperature characteristics, and improve
antl-wear properties., It is intended for use in constant speed
alternator drives, aircraft alr compressors, expansion turbines,
and similar equipment. As can be seen from the test data, a compara-
tively low dosage of 1 x 107 roentgens caused considerable change in
physical and chemical properties. The viscositlies showed a decreass,
flash point was approximately 30°F lower, and rubber swell increased.
The oxidation-corrosion test at 3.L7°F for 72 hours showed a cate-
strophic change in metal corrosion. Aluminum was the only metal not
affected during the test. A4l1 of the other metals showed very large
losses in weight as a result of the test conditions. The hydrolytie
stability test also indicated extreme changes, with the copper
corrosion increasing prohibitively, the viscosity increase in the
test oil being of a very large order, and the neutralization number
of the 0il increasing greatly. The overall quality of the oll after
the low dosage of gamma radiation is such as to make it totally
unacceptable, Exposures to the higher levels gserve to verify this
conclusion, It is most interesting to note however that at 1 x 10%
roentgens, the corrosion on metals for the oxidation-corrosion and
hydrolytic stability tests is lowest for any of the exposures,
Although one would condemn the 01l at this radiation exposure on
the basis of the major changes in flash point, neutralization number,
and viscosity, had it only been tested at the higheat exposure it
would not have been evident that metal corrosion is a major problem,
This 18 again in line with previous comments on the zilicate hydraunlie
fluids, where the lowest dosage caused the oil to be the most
corrosive to metals,
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Table XI gives further test data on radiation effects on a
synthetic lubricant, the lubricant in this case being one that meets
the general requirements of Specification MIL-L-7808, This specifi-
cation covers synthetic (diester) type lubricants for use in turbo-
prop engines and in some models of turbojet engines. The test fluid
was a blend of 0.5% phenothiazine with di-2-ethylhexyl sebacate
(Plexol 201). At 1 x 108 roentgens the evaporation increased some-
what, the vlscosity incereased only slightly, and the flash point was
essentially the same., The coking tendencies of the fluid worsened
considerably at this level, as did the rubber swell. The corrosion
on metals in the oxidation-corrosion test was worse only for the
attack on magnesium., It would appear safe to conclude that below
1 x 108 roentgens the oil would show promise of usability,

The MIL-L-6387 and MIL-L.7808 type synthetiecs both display -
breakdown as a result of exposure to gamma radiation, the MIL-IL-6387
type fluid appearing to be more sensitive to the radiation degrada-
tion. The MIL-1-6387 specification requires that from one-half to
one per cent of tricresyl phosphate be added as an anti-wear agent.
The developmental work of the Esso Research and Engineering Company
has shown that in general, a limited amount of tricresyl phosphate
in synthetic oils appears to be beneficial in inhiblting copper
corrosion, but that it tends to increase acidity and to decrease
flash points (9). That tricresyl phoaphate might he a contributing
cause of the greater difflculties experienced with the synthetiecs 1is
further borne out by previous studies on MIL-L-7808 type fluilds
containing TCP as an additive. Breakdown by gamma radistion followed
the usual patterns, with large drops in flash point, increases in
neutralization number, and radical increase in panel coke values,
This indicates that careful choice of additives in a system to be
Irradiated is necessary.

Information on gamma radiation stability of uninhiblited diester
fluids is to be found in reference (10). It 18 interesting to note
that di-2-ethylhexyl sebacate irradiated to 3 x 108 roentgens showed
a large increase in neutral ization number and a drop in flash point
from L10°F to 2759F, yet the panel coke value at 600°F was unchanged.
The same base fluid inhibited with 0.5% phenothiazine (see Table XI)
did not experience a drop in flash point at the same dosage level
and had a relatively minor increase in neutrslization number, yet
the panel coke wvalue showed a very large inerease, This shows that
a gain in properties by addition of inhibitor ¢an be accompanied by
just as great a loss in other properties, again emphasizing the need
for complete testing of all fluid properties before conclusions are
drawne.
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Inasmich as a great deal of experlence has been obtained in use
of refined petroleum oils in aireraft, it was of Interest to observe
the effects of gamma radiation on such materials, Table XII contalns
information on the radiation stability of a Specification MIL-L-6082
petroleum oil, grade 1100, Up to the radiation dosage of 3 x 108
roentgens the oll appears to have very favorahle radiation resistance,.
Apart from a 45 degree drop in flash point ard a moderate thickening,
i1t does not seem to have changed serlously in any respect, Data on
a similar product also indicate that atl x 108 roentgens the panel
coke value was lower than for the control (10). The oxidation-
corrosion data (4LO0°F, 72 hours) are of considerable interest. The
control fluid showed attack primarily on the copper, with the other
metals relatively unaffected. Irradiation did not appreciadb
change corrosivity of the fluid until somewhere above 1 x 10° roent-
gens, Ag far as property changes are concerned, if such a fluid as
this is usable before irradiation, it would probably still be
effective in a similar application at least to 1 x 108 roentgens.,

The same conclusion can be made for the lighter grade (1065) oil
that is used under this specification (10).

Contract efforts on nuclear radiation resistant engine oils
have been most rewarding, amassing a valuable fund of informatlon
on available fluids and indicating the most promising avenues of
approach toward obtaining superior products.

The first year of research by the Easo Research and Engineering
Company has besen devoted to an exhaustive study of diester fluids
and mineral oils (9). It has been ¢oncluded on the basis of the
work to date that virtually all synthetic and mineral based oils
are reasonably stable at gamma dosages up to 1 x 107 roentgens,
Exposure at 1 x 10° roentgens, however, produces appreciable lubri-
cant degradation. While almost all properties change, the greatest
changes are noted in acidity, corrosivity toward metals (especially
lead, copper, and magnesium), panel coking tendencies, and flash
point, all such changes being in the unfavorable direction., Mineral
oils, such as inhibited Esso Aviation 0il 65, had the best resist-
ance to irradiation to 1 x 108 roentgens. Addition of phenyl-
alpha-naphthylamine gave good oxidation and corrosion resistance,
the deficlency noted in the above discussions of the uninhihited
MIL-L-6082 petroleum o0ils., Toaming tendencieg of the mineral oils
increase markedly after irradiation to 1 x 10°® roentgens, whereas
the synthetic oils retained their initially low foaming properties
after irradiation. The general conclusion was that ester type
synthetic lubricants are generally lesa stable to irradiation than
the mineral olls and that there are no marked differences in gamma
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radiation resistance among oils based on simple esters, polyesters,
or complex esters, The materials showing promise at 1 x 10g.roent-
gens were a paraffinic base stock (Barosa 56) with phenyl-alpha-
naphthylamine and an antifoamant; ditridecyl carbonate; ditridecyl
terephthalate; and a trldecyl terephthalate complex ester., Future
studies will be devoted to extensive investigation of the most
promising base stocks at higher radiation levels and formulation

of an improved radiation resistant engine o1l based on the best
product cbtained,

The California Research Corporation has placed major emphasis
on alkyl aromatic compounds of the alkylated blphenyl and alkylated
aromatic ether types to obtaln a nuclear radiation resistant engine
01l (7). Selenide additives are being extensively evaluated for
their ability to impart radiative and oxidative stability., The
alkyl chains added to the basic molecules have thus far been fairly
long (Cg or longer), requiring the use of additives for oxidative
stability., Favored lubricants for engine o1l use are the Cy¢-C18
alkylbiphenyl or the Cy; diphenyl ether, with selenide or phenolic-
type inhibitor added.

The inltial effort of the Shell Development Company on 1its
engine oil development program was devoted to a study of the effects
of selected additives in various aliphatic and ester fluids (8).
Studies were made of the oxidative stabllity of such blends, since
this was felt to be one of the more critical fluid properties, On
the basls of Dornte oxidation tests, both during and after exposures
to gamma radiation, Shell has concluded that the limlitation on
conventional diester jet engine lubricants 1s about 1 x 10/ roent-
gens, Up to this level they do not suffer excessive loss in oxidative
stability, but for higher levels they have no resistance to the
effects of oxygen, degrading readily. The safe working level of
1 x 107 roentgens is in agreement with the conclusions reached by
the Egsso Research and Engineering Company in its work on diesters
and mineral olls, Shell feels further thai diesters will probably
be marginal in the range 1 x 107 to0 1 x 10® roentgens., No
inhibitor has been found to date that will impart oxidative
stability at temperatures in excess of about L00°F or above garma
rediation exposures of 1 x 107 roentgens., As a consequence of these
observations, Shell is now working extensively on the development
of a basic molecule that does not require additives to impart
radiation or oxidation stability. Since substitutlon affects thermal
and oxidative stability, Shell 1is restricting its studies to aromatic
ethers with very short alkyl chains to impart lubricity improvement
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and increase liquid range. The alkyl substituents being considered
. have the alpha hydrogens blocked to minimize oxidative attack., This
programn is extremely promising and has already produced compounds of
excellent thermal and oxidative stability.

Table XIII gives a brief comparison of the overall approaches
taken by the three engine oil development programs and typical
materials under study,

Supmary

At the present time, it appears that present limitations on
conventional diester type lubricants exclude thelr use at dosages
mich above 1 x 107 roentgens or at temperatures ocutside the range
=650 to 3500F, Improved ester types, such as are under study by
the Esso Research and Engineering C ny, might possibly be usable
at gamma dosages up to about 1 x 10° roentgens, with temperatures
limited to the range 400 to LO0OF, Selected mineral oils appear
to have potential use slightly above 1 x 10° roentgens, with tempera-
tures probably limited to from 0° to LOCOF, The advanced aromatle
compounds of the alkylated biphenyl or alkylated aromatic ether type
could be expected, on the basis of previous irradiations of aimilar
compounds, to be stable at dosages in the neighborhood of 1 x 107
roentgens. Thermal stabilities of such compounds are above LO00°F,
It should be carefully noted, however, that the materials of most
promise, such as the aromatics, have had the least amount of
engineering and rig evaluation and further work is necessary to
fully establish their capabilities.

It appears that fluorocarbon elastomers such as Viton A will
be the most attractive for use in conjunction with the advanced
type aromatic fluids. Preliminary information has shown that this
type of elastomer has the best resistance to thermasl and radiative
degradation and has good resistant to the solvent action of such
fluids.

VI, EFFECTS OF RADIATION ON JET FUELS

Two fundamental approaches are being taken to determine the
effects of nuclear radiation on jet engine fuels, Under the radia-
tion effects studies conducted by the California Research Corporation,
a portion of the work is being devoted to determining the effects
of radiation on representative jet fuels, Special hydrocarbons or
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hydrocarbon fuel fractions which appear promising from a standpoint
of thermal stability are also being investigated for radiation
stability. Investigations of the fuels are being made by means

of engineering property changes such as CFR Fuel Coker character-
istics and the various tests outlined in Air Force jet fuel specifi-
cations., These teats are designed to give sufficient information to
allow predictions of fuel usability at different radiation levels
and to show expected problem areas.

The second approach, being taken by the Shell Development
Company under its Air Force sponsored fuel stability program, is
of a more fundamental nature. Shell 1s investigating the effects
of nuclear radiation on jet fuels, jet fuel components, and model
compounds. This work is intended to determine the relationship
existing between composition, nuclear radiation stability, and high
temperature deposit formation., High temperature instability
resulting from miclear radiation effects is also under study. The
effect of the presgence of oxygen and the nature of the substrate
is being considered, Fuels which show high or low atability to
radiation are being characterized into their respective components,
with the effect of radiation on said fuels and fuel components
being studied in detail. The concentration of various trace metals
is being measured and the effect of these metals on the thermal and
miclear stability of jet fuels is being determined, The overall
goal of this particular study is to obtain sufficient information
to develop a thorough analysis of fuel stability to nuclear radiation
and to pinpoint the reasocns for instability of typical Jet fuels and
experimental hydrocarbon fuels., By developing such a sound basis of
understanding, formlation of improved organic fluids of greater
nuclear radiation stability will be made possible.

The California Research Corporation concludes that on the
basis of tests conducted to date, including runs on the CIR TFuel
Coker, JP-4 and JP=5 fuels should be good at 1 x 102 roentgens
of gamma radiastion. They feel that if a JP-L is good on control
tests and is not marginal in its capabilities, it should be good
up to about 5 x 108 roentgens (gamma), with JP-5 types being marginal
at this level. A1l fuels would be questioned before use at 1 x 10%
roentgens or higher. Based on the results of tests of two JP=4
types (RAF-105-55, from Middle East crude and RAF=106=55, from Mid-
Continent erude), which are not comslete, it appears that gamma
radiation in the range of 10° to 107 roentgens improved thermal
stability slightly, It was found that filter plugging tendency was
reduced in all except one case and that little or no effect on pre-
heater coating was found,
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Shell Development Company has observed that the thermal insta-
bility (4500F) of three typical jet fuels, as measured by filter
plugging tendency, is affected by irradiation to 1 x 10 roentgens
in widely different degrees. A highly refined, high-~bolling kero-
sene and a JP=5 type fuel improved after irradiation but a JP-i
fuel was affected adversely (5). Shell has also concluded that
properties such as heat of combustion and Ny are not seriously
changed by gamma dosages up to 1 x 108 roentgeng, the screening
level used in all their work to date,

A very serious problem concerning Jet fuel stability has
recently been revegled, Shell Development had three jet fuels
irradiated in the Convair System Panels Test number 2 at Fort Worth,
The three fuels were the following: RAF-99-55 (a special kerosene),
RAF-104=55 (a los Angeles Basin JP-5), and RAF-107-55 {a San Joaquin
JP-,). The general level of the changes in the reactor irradiated
fuels suggested that they received considerably lower than the
equivalent of 1 x 108 roentgens of gamma radiation. However, on
testing the fuels In the CFR Fuel Coker they showed a drastic
reduction in coker performance, The marked decreasse in thermal
stability cammot as yet be related to specific changes 1n composi-
tlon, However, the more deleterious results observed in this test
compared to gamma irradiation have indicated that greater emphasis
mist be placed in the future on studying the effects of pile
irradiation.

Suumary

Jet fuels as purchased by the Air Force mst mest performance
specifications but are not limited as to composition except in very
general terms, There i3 thus no assurance that a fuel used in an
aircraft one day will necessarily be the same as another used the
following week, The same applies to any JP fuel in use by the Air
Force., Thus, when it 1s found, as has been the case, that some
fuels meeting specifications are susceptible to radiation, it is
obvious that fuel composition is a eritical factor., The basic
regsearch of the Shell Development Company will enable the Air Force
to specify, In terms of actual chemical composition, the types of
materials that can be used in jet fuels., Until such work 1s
suf ficiently advanced, no sound conclusions can be made on jet fuel
stability to nuclear radiation,

The implications of the lack of correlation between gamma and

mixed reactor radliations are wvast and far reaching. Irradiations
are now in progress in the MIR gamma canal at nominal gamma dosages

WADC TR 57299 29



of 106 and 107 roentgens to see if similar loss of thermal stabillty
of fuels occurs with low levels of gamma radiation. If this is
found to be true, it will add further emphasis to the increasing
importance of investigation of property changes at low dosage
levels, as was pointed out for the data on the various lubricating
fluids. If the fuels show resistance to the gamma radiation at
these levels, it will give further indication of the necessity of
caroful testing in well calibrated reactor facilities, It is
certainly obviocus that whatever the case, end item testing of fuels
and lubricants under dynamic conditions is a prime consideration.
Only under conditions approaching those of the final application will
reliable estimates be possible of the resistance of the fluids and

lubricants to nuclear radiation.
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