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COMPLETE SPECIFICATION

Improvements in or relating to Lubricants Resistant to Atomic
Radiation

i

15

20

25

30

40

45

We, Esso RESEARCH AND IINGINEERTNG
CoMmpany, formerly known ax Standard Oil
Development Company, a Corporation duly

- organised and existing under the laws of the

Stare of Delaware, United States of Awmcrica,
of Elizabeth, New Jersey, United States of
America, do hereby declarc the invention, for
which we pray thar a patent may be granted
t0 us, and the method by which it is 1o be
performed, to be particularly described in and
by the following statement: —

The present invention relates to Jmpn)ved
Iubricants which are resistant to the destrue-
tive effects of atomic radiadon. More pariicu-
Tatly, the jnveniion is concermed with improved
lubricating oils and greases which are more
stable and which retain their lubricating cffect
for a longer perdod of time than conventional
lubricants under the influence of neutron and
gamuma radiation. In bricf compass, the inven-
tion pertains to lubricants containing sibstan-
tial propertions of materinls having high
gamma ray absorption ccefficients and large
capture cross-sections for therma, ie. slow,
DEULromny.

Present developments im the wse of atomic
cnergy indicate that nuclear reactors are being
designed at a rapidly increasing rate for nse as
power plants for ships, aircraft and other
carricrs as well as for the gencration of stcam
and efectric power. Such atomic power planis
have many moving parts which require lubri-
cation, the lubricant being cxposed o ncutren
and for gamma radiation,

For example, the nuclear reactor itself is
equipped with a large number of Iubricared
hydraulic lfeers and control valves which are
directly exposed to neuviron as well as gamma
raciarion, The hear transfer fuid, usually 2
liquid metal, used to comirol the reactor tem-
perature becomes radioactive in the atomic
pile. The gamma radiation emdited by this
fluid penetrates Hs piping and various other
plant equipment and reaches Iubricants used in
various parts of the plant, particularly in rela-
tively compact units as they are required in

SPECIFICATION

784,798 -

Date of Application and filing Complete Specification: Dec, 14, 1954,

Application made in United States of America on fan, 29, 1954,
Compiets Specification Published: Oct. 16, 1957,

submarines or aircraft. A successful applica-
tion of the nuclear reactor wo this type of
power genergtion and transmission requires,
therefore, lubricants which remin their lubri~
caring effect under the influence of neutron
and gamma radiation,

Conventional lubricants rapidly fail under
these conditions. Tt is well known in the art
that organic matter undergocs severe decom-
posidon by destructive dehydrogenation,
charring, and carbonization, when subjected
to neutron irradiation. Gamma radiation
strongly promoties such reactions as cracking,
polymerization, desulfurization, de.ca:bnxyla—
tlon, alkylation, and dehydeogenation, which
may take place in conventional mineral oils
and most synthetic lubricating cils resuiting in
4 rapid reduction or even complete destruction
of the lubricating effect of the lubsicant used.
‘The present invention greatly alleviates this
difficulty and allows lubrication of frictional
surfaces w the prozimity of 2 source of atomic
radiation which would crdinarily he capable of
decomposing couventional Iubricants.

The term frictional sorfaces, as nsed herein,
refers to two surfaces that are substantally in
contact and moving in relation to each other,
that may bhe lubricared to decrease the fric-
tional forces belween the [rictional surfaces.
For cxample frictional surfaces may be the
moving surfaces of moving parts of machinery
such as bearings, gear wheels, deiving chains,
Icvers, sliders and guides,

Materials which may be used in accordance
with the Invention us modezators to reduce the
damaging effect of gamma radiation must be
capable of decreasing the energy content of
the pamma rays by providing a high frequency
of collisions Detween gamma rays and elec-
trons. Such coflisions resuit in a finite propor-
tion of the gamma ray energy being absorbed
by the electron and in # corresponding reduc-
tion of the effect of gamma radiation on the

‘environment of the moderator. This energy

absorption is a function of the so—called
“pamma ray absorption coefficient™ of the
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moderator, which in non is determined by the
molecular weight and density of the material,
The gamma ray absorption coefficient of 2
moderator is the greater the higher its mole-
cular weight and/or the preater its density.
Also, ceripin morphological aspects affecr the
gamma ray absorption coefficient and with it
the weility of 2 material as moderater. For
example, materials having a hexagonal close-
packed or laminar structuce, such as lead or
graphite, are particularly suitabla for use in the
present invention,

The term gamma ray absorption cocfficient,
as used herein, is defined by the term p/p
where p is the density and p is defined by the

: d

equation a-—ze whete a is the intensity
after the gamma rays have passed throogh the
absorbent materal, a, is the Injtial intensity
of the gemma rays, & is the thickness of the
materigl measured In cenrimetres and where
the initial energy of the gamuma rays is 4
MLEV.

The Iubricamt composition of the present
invention comprises 2 Iubricating oil having in-
corporated therein a sufficient proportion of an
¢lement or compound having a gamma ray
absorption coefficient of at least 3 and a suffi-
cient proportion of an element or compound
having a cepture cross section for thermal
neutrons of at least 2,500 barns to stabilize the
said ofl against atomic radiation.

The elements and compounds incorporated
in the Inbricant are referred to herein as
modcrators. The most cutstanding examples of

moderators having a gamma ray absorpien
coefficient of at least 3 are heavy metals, such
as titanium, molybdenum, mercury, lead, bis-
muth, thorium, and platinum. ‘L'hese modera-
tors may be udded to conventional Iubricants
in powdered form i.e. finely divided, as metals,
metal oxides or mera! snlfides or in the form
of compuunds soluble in the base oil of the
Jubricant, for example as naphibenates, stear-
ates, sulfomates, chelates, organic thiophos-
phorus acid salts, or phosphides, Other suit-
able moderstess having a gamma ray absorp-
vion coefficient of at Jeast 3 include powdered
graphite and various other powdered minerals
which cxhibit laminar structore, such as mica,
asbestos, and tale, The moderators may be
present in the Iubricants in proportions of 2-—
30 wt. %, and preferably 5—20 wt. %.

It is preferred that the moderator having a
capture cross-section for thermal nentrons of
at least 2,500 bams should, after ncuirom
bombardinent, revert to form stable non-radio-
active isotopes of at least the same minimum
capture cross-section by releasing the absarbed
energy in the form of harmlesy electromagnetic
radiation. Data on neutron cross-sections of
most elements and the stability of their iso-
topes are now available in the literature per-
mitting the selection of materials suitable for
the purposes of 1he present invention. T'ypical
represcntatives of this cless of materials are
the elements cadminm, samariom and gado-
Bninm. The pertinent characteristics of these
elements are summarized in the table below.

Thermat Newtron

Thermal Neutron Principal Capture Cross-
Captrure Cross- Tzotopes’ Section for
Section of Element  for Neutron Principal Isetope
Element (Barns) Absorption Barns)
(Fadalinfum 35,000 6al3s 50,000
156.9 Atomic Wi. ca137 180,000
Samarinm 8,000 sm149 46,000
150.43 Atomic Wt
Cadmiom 2,900 call3 24,000

112,41 Atomic Wt.

Moderators of this class may be added to
libticangs in the form of the fmely divided
metals, thelr oxides, sulfides, phosphides, and
phosphorus acid salts, or as compoundy soluble
in the base oil of the lubricant, such as the
naphthenates, petrolenm sulfonaies, fatty acid
soaps, .. stearates and oleates (complezes of
the type which may be employed in preases)
of such svaps with the metul salss of Iow
molecular weight carboxylic acids; chelates and

porphyrin derivatives of such metals.

The degree of protection afforded by such
a moderator is, of course, a function of ity
concentration in the Jubricant as well as its
specific capture cross-section. This is illustrated
by the following rabulation of the meurron
absorption by the preferred moderators of the
imveniion at varying concenirations in a lnbri-
cant film of 0.0% cm. thickness.
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Capture Concentration Percent
: Cross-Secrion Weight . Nentron
Additive (Barns) Prreent Absorpiion

Gadolininm 36,000 50 100.0
10 99.6
1 42,5
Samarinm 8,000 50 9.8
10 70.8
1 1.6
Cadmimn 2,900 50 95.4
16 45.9

As indicated by the above table, effective con-
centrations of the moderator having a capture
cross-section for thermal neutrons of at least
2,500 inay vary between about 1 and 50 wt. %
of the Inbricant, depending somewhat on the
specific moderaror used. Concentrations of
about 10—40 wt. 9% of sach moderator are
usuzlly preferred.

When cil-insoluble moderators are used,
these materials should be employed in finely
divided form. Particle sizes of less than 100
microns ure suitable, sizes of about 50--75
microns heing preferred.

The lubricating oil base of the lubricants of
the invention may be of either mincral or syn-
thetic origin. These oils should have a viscosity
of about 2 cendstokes at 210°F. to about 60
centstokes at 210°F, While al types of
mincral oils of lubricating grade have urility
for the purposes of the invention, those
gbtained from predominantly naphthenic stocks
are more desirable, acid treated naphthenic
ty?e raineral Inbvicating ofis beng preferred.
Of the syntheiic oils, non-ester types are pre-
ferred. Suitable synthetic oils include Fischer-
Tropscli synthesis products, hydrocazbon poly-
mers, formmals, acetals, glyeols, ethers, glycol
and polybiyml ethers, carbonates, silicancs,
silicones, silicates, fluoro- and perfluoro-
carbons, of lubricating grade, all of which are
well knowa in the art.

Greases in accordance with the invention
may be prepaved from the above-mentioned
lubricating oils by adding a moderator of each
type zccording to the invention and incorporat-
ing a conventional grease thickener In prease-
making propordons of, say about 3—350 wt.
o, preferably 10-—30 wt. %, based on total
lubricant, The oil base may form 20—55 wr.
% of the composition or finished grease. Quite
generally, non-soap type grease thickeners are
preferred because of their greater stability
toward gamma radiation. Essentially inorganic
thickeners, such as carbon black, finely divided
silica, silica gel, various metal silicates, includ-
ing calchum silicate, bentonites, Benrones, Arta~
pulgus clays, and varivus gel-forming ampho-
teric meral oxddes inclnding A10,, FeO,,
Bi,0,, and SnQ, are most desirgble, Some

ezamples of Dentones are given in J. Phys.
Chem. 45, 65—81 (1941).

Examples of suitable orgamic salt-type
thickeners inclade the hydrocarbon sulfonates
of alkali metals, particuiarly sodium, porassium
and lithivn, the calcium, strontium, barimn,
mapnesium, alnminym and certain  heavy
metals, such as lead; having about 8—34
carbon atoms, particularly in combinaton with
mezal salts of low molecular weight carhoxylic
acids having 1—35 carbon atoms per molecule.
The preferred carboxylic acid soaps of the
meials listed above, are those of essentially
saturated fatty acids having 12~-30 carbon
aroms, e.g. stearic, palmitic, hydroxystearic,
and hydrogenaied fOsh oil acids, preferably in
the form of complexes with the metal salts of
low molecular weight saturated carboxylic
acids having 1—35 carbon atoms. Other suit-
able erganic thickeners include varlous amino
phenol derivatives, such as N-stearoyl-p-amino
phenol, and wrea adducts of benzene and bi-
phenyl.

A moderator may be a component of a
grease thickening apent, for example when a
metal scap and/for salt (ype of thickeper is
used, at least a portion of the metal constituent
of the metal soap or salt may be a moderaior
of the iovemtion. For example, cadminm
stearate, or calcium stearate-cadmium acetate
camplexes may be used for this purpose,

Conventional methods of grease-making may
be employed in preparing the greases of the
iovention. When using inorpanic thickeners,
the finely divided thickener may be dispersed
in the oil base by mcans of humogt:nizc:rs,
colloid mills or similar high efﬁamcy mixing
equipment. This can be “done prior o the
tncorporation of the moderarors or in their
presence. The latter method is preferred.

Soap-thickened greascs may be made by
saponifying snitable fats or oils containing the
acids prevously described, or by neutrglizing
the acids as such in at least « portion of the
base oil with the metal bases mentioned above,

When the metal basc of the thickcper is

different from thar of the moederators the
saponification is preferably carried out prior
to the incorporaton of the moderators. When
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the metal base of the thickener is the same as
that of a moderator, the metal basc of ihe
moderaror may be used as the saponifying or
neutralizing agent. Grease-making conditions
are those conventionally wused including
saponificaticn temperatres of about 150°—
250°F., dehydration temperatures of about
210°—300°F. and complexing or finishing
tumperatures of about 400°-—600°F. In the
case where the moderators are different from
the metal base of the grease thickener, the
moderators axe preferably added under agita-
tion during the cooling cycle of the grease-
making process at temperatures below about
350°F. ‘The usual finishing steps, such as
homogenization and milling, may be employed.

The lubricants of the invention may contain
minor praportions of conveatiopal modifying
agents, &.g. caleinm sulfonate, and anti-oxi-
dants, e.g. phenyl =-naphthylamine; corrosion
nhibitors, e.g. sorbitan mopo-oleate; extreme
pressure agents, e.g. tticresyl phosphate, sulfur-
ized and P,S,-treated materials, chlorinated
hydrocarhons and esters; viscosity index im-
provers, e.g. polybutenes and polymethacryl-
ates; pour point depressors, e.g. oaphthalene
alkylated with chlorinared paraffin wax, lauryl
fumarate-vinyl =zcetate copolymers; tackiness
and stringiness agents, e.g. polyisobutylenes.

The invention will be further fllusrated by
the following specific examples.

ExamrrE 1
A grease sseful for the purposes of the
fnvention may be prepared from the following
COMPONCIS :

Component Wt 9%
Cadmium Stearste 20
Cadmium Acetate 20
Molybdenum Diszifide Powder 10
Phenyl Alpha-WNaphthylamine 0.5
Formal of C,;-Oxu Alcohol 49.3

having a Viscosity of 3.4
Centistokes at 210°F.

The grease is prepared as follows: About
% of the formal is mmxed with the stearic acid
and heated to showt 150°F. Cadmium
hydrexide is added sufficient to neutralize the
srearic acid. Thereafter glacial acetic acid is
added and peutralized with additional cad-
miunm hydrezide. The mixtue is heated to
about 220°F. until dehydradon is complete.
Heating is continued at a rapid rase uatil 2
temperature of about 450°F. is reached. The
grease is then allowed o cool and the remain-
ing portion of the formal i5 added at a t2m-
perature of zbout 300°F. After further coeling,
the molybdenum  disulfide powder and the
oxidatfion inhibitor arc added and the grease
is passed through a homagenizer at a tempers-
ture of gbout 180°—200°F.

Exampre 1T

A lubricating oil in accordance with the
invention may be prepared by intimately
mizing the components given below, at sub-
stantially room tcmperature or slightly efe-
vated temperatures promoting the selurion of

ihe additives in the oil base,
Component wr. %
Gadalinfum MNaphthenate ]
Bismuth Stearate 25

Condensation Product of Salicyl

Aldehyde and Propylene
Diamige 1
Phenyl Alpha-Naphthylamine 0.5
Coastal Distillate of 30—40
58U at 210°F, 67.5
Examrie IIT

Another lubricating oil of good radiation
stability is obtained by mixing the fullowing
components substantially as  described in
Ezample II.

Parts
Compoenent by weight
Gadolinium Oleate )
Merenry Naphthenate T30
Pheny! Alpha-Naphthylamine 0.5

Condensation Product of Salicyl

Aldehyde and Propylene Diamine )
Polyethylene Glycol of about

200 molecular weight 64.5

The present invention is not limited to the
specific examples set forth above, The relative
proportions of the lubrican: constituents may
be vavied wirthin the Jimsits indicated ro obtain
ubricants of different characteristics.

What we clainy is: o

1. A lubricating compaosition of imgproved
stability tc aiomic radiation comprising a
Iubricating ofl having incorporated therein a
sufficient proportion of ap element or com-
pound having a gamma ray absorption co-
efficlent of at Jeast 3 and a sufficient propor-
tion of an element or compoungd having a cap-
ture cross scction for thermal neutrons of at
least 2,500 harns fo stabilize the said oil
against atomic radiation.

2. A lubricaiing composition as claimed in
¢laim 1 wheredn the Iobricating oil is a mineral
labricating ofl or a syathetic lubricaring oil
other than an ester.

3. A lubricating compasition according to
claims 1 or 2 wherein the lubricating oil has a
viscosity between 2 and 60 ceplistokes at
210°F,

4. A lubricating composition as claimed in
claim 1 wherein sufficient of a grease thickener
is present to thicken the cumposition to the
consistency of a grease.

5. A Tubricating composition as claimed in
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claim 4 wherein the composition comprises a
mineral or synthetic lubricating ofl, other than
an, ester, thickeped with & grease thickener at
least 2 part of which is constituted by ap Least
one of the elements or compounds having 2
gamma ray sbsorpiion coefficient of af least 3
or & capture cross section for thermal neutrons
of at least 2,300 barns,

6. A compositon as claimed in any of claims
1 to 5 wherein the clement or compound hav-
ing a mamma ray shsorption coefficient of at
least 3 i titanfum, molybdevsnr, mercury,
lcad, bismnuth, thorium: er platinum or a com-
pomngd of such elements.

7. A composition as claimed I cleim &
wherein the compound. of the element having
a gamma absorption of at least 3 Is an
oxide or sullide.

3. A composition as claimed in uny of
claims I to 7 wherein dhe componnd having a
gamma ray absorption coefficient of at least 3
or having a capture cross section for thermal
ncutrons of at least 2,500 barns is an oil-
soluble compound.

9, A composition as claimed in any of
claims 1 to 8 wherein the clement or com-
pound having a capture cross section for
thermal neutrons of at least 2,500 barns is
gadolininm, samariure or cadmium or a com-
pound of such clements,

10. A composition as claimed in any of
clafms 1 to 9 wherein the compound having 2
capture cross section fop thermal neutrons of
ot Jeast 2,500 barns is an oxide, sulfide, phos-
phide, 2 phosphorus acid salt or a carboxylic
acid salt.

11. A osition as claimed in any of
claims 1 to 10 wherein the
lubricasing ofl is from 20 to 95% by weight
of the total composition.

12. A composition as claimed in any of
claims I to 11 wherein the quantity of the ele-
ment or compound of the element having a

quanticy of the

gamma ray absorption of ap least 3 is from 2
ve 30% by weight of the total composition.

13. A composition as claimed in any of
claims 1 to 12 wherein the quantity of the
elsmem: or compouad of the element having

& capture cross seciion for thermal neuntrons
of at least 2,500 is from 1 to 509 by weighr
of the total composition.

14, A lubricant of improved stability to-
ward atoraie radfaton which comprises 2009
to 95% by weight of a lubricating ¢il having
a viscosity of 2 to 60 centistokes at 21(} ¥
selected from the group consistin
oils and synthetic oils, 2% to 3[1'}% by weight
of a component havmg a garoma ray absorp-
tion coefficient of ap least 3 selected from the
group consisting of {itenioen, molybdenum,
mercury, lead, bisrauth, thorinm and platintm,
and 19 1o 50% by weight of a compomnt
having a capture cross section for thermal
neutrons of at least 2,500 barns selected from
the group consisting of cadmium, samarium
and gadoliniom,

15. A Tubricant of improved swability to-
ward atomde radiation which comprises 67.5
we. % of a mineral ofl having a viscosity in, the
raoge between 30 to 40 8.8.U. at 210°F,
25 wt. % of bismuth stearate and 6 wt. % of
cadolininm naphthenate,

16. A lubricant of jmproved stability fo-
ward atemaic radiation which comprises 64.5
wt. % of polyethylene giycel having o mole-
colar weight of about 200, 30 wt:%5 of mer-
cury naphthenate and 3 wt. % of gadolinfum
oleate,

17. The process of lubricating equipment
exposed to atomic r comprises
cantactinuitflncnmal surfaces of said equipment
with a Jubcicant or lubricating composition es
claimed in any of the forcgomg claimms.

K. ]. VERYARD,
33, Davies Street, London, W.1,
Agent for the Applicants.

Leanington Spa: Printed for Fer Majesty's Stationery (ffice, by the Courier I'ross.—~1957.
Poblished ot The Patent Office. 96, Sonthampton Buildings, London, W.C.2, from which
eoples may he obtained.
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