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This invention relates to .a lthium base lu-
bricating grease composition, -and: pa,rticularly to
such 2 composition which is inhibited against
copper .corrosion. ‘

Lithium base lubricating -grease compositions
have found substantial ‘use in dircraft -contrels
and for other purposes ‘where operation-over -a
wide temperature range, and particularly opera<
tion at extremely low temperatires, is enceun-
tered. U. S. Patent No. 2;450,221, Ashburn,. Bar-
nett and Puryear, is typical .of .a:.superior lithium
base grease of this type prepared fromr a-lithium
soap of a hydroxy fatty -aecid or the glyceride
thereof, such. as ‘hydrogenated .castor oil, :and
containing as thé major proportion:of the liquid
lubrieating base :an oil :soluble high molecular
weight high boiling Haquid mliphatic dicarboxylic
acid ester within the lubricating -oil wiscosity

fange and possessing lubricating properties. As
disclosed therein, the lithium soap:may be formed
from a major proportion of the ‘hydroxy fatiy
acid or glyceride thereof, - and: a:minoriproportion

of a saturated fatty deid, thegrease -containing

a small excess of free fatty acid. Such greases
have exceptional shear and texture:stability over
a wide temperature range dand-excellent:-low tem-
perature properties.

While the lithium basegredses of the:aforesdld
type have proved eminently satisfactory inserv=
ice, the incredsed use of copper and capper-alloys
in.certain applications, particulatly :in airefaft
controls, has introduced :an additiondl proklem
of rendering the grease non=corrosive o Lopper
in long time service: ‘For this purpose,. U. 8.
Army specification 2-134 hias-prescribed- gor=
ous copper corrosion:test for qualification under
this specification. In::attempting to :meet- this
specification, it has been found that .corrosion
inhibitors heretofore eniployed:iii:-greases-are-in-
effective.

One of the principal objects:of ‘the-presentin-
vention is to provide a lithitim:hase grease which
satisfactorily meets the copper :corrosion-test-of
U. -S. Army -specification: 2-134..

Another object-of the-preseiit-invention s to
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provide sa Jithium base grease which retalns ali
the desirable -properties. of the previously knésn
greases of this type, mcludmg shear .and. xﬁure
stability over a wide temperatiire range And €x-

cellent low temperature _propertiés, _and . at the

same time is effectively inhibited- aga, LCOEF0=
sion- -of :copper and copper alloys in long fime
service

In- accordance w1th the present mvenﬁlon the
foregoing obJeots have been atta,med by . ineor-
poration-in the lithium base grease -about-0:25 o
3% by weight of an oil soluble basic -alkaling earth
metal salt-of a sulfona,ted hydrocarbon wheérein
the-weight-ratio of a}kahne earth metal to sulfur
content-is-from' 1.1 102 txmes that’ represented by
the normal salt M(SOaR) )2, Where M is t¥
alkaline earth metal and R is: the hydrocéarbon
residue. The foregomg salf is-to- be distinguished
from the previously used normal alkalifie .earth
metal sulfonates,. such.as: calcmm -mahogdn: sul-
fonate, -which latter have béen found to-b
pletely ineffective for purpdses of the ptesent m-
vention.

The basic-alkaline earth métal sulfonates Wh" h

are effective -copper :eorrosion . mh1b1tors for pur-

peses-of ‘the: present mventmn are knowt .com-
pounds whmh have heretofore ‘been suggestéd
along. .with the wormal- mahogany sulfonates as
detergent addltlves for 11qu1d lubrlcants, .such
as motor-oils;- However it -was nof fo be-antic-
ipated: that - the Jasic . alka,hne earth metal sul-
fonates weuld function as-.copper . corrosmn -
hibitors in-this different envn'onment of 4. 11th1um
base lubricating .grease composmon such a8 to
pass the rigorous :copper-.cerrosion: test of the
said 2-134 specification, particularly when the
better known and more:generally used mahagany
sulfonates: proved cempletely meffectlve for, thls
purpose.-

‘The :basic-sulfonates - employed m accordance
with this.invention may-be-prepared-by: sulfona-
tion of a lubricating oil stock or other mineral
hydrocarbon-oil, by contacting w1th sulfuric .acid
of high- concentratmn at-an elevated temperature
of the-order-of 150~180° 1., to produce substanmal
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sulfonation without excessive loss to acid sludge.
The resulting sulfonated oil, after separation of
the acid sludge, may be reacted directly with
powdered hydrated alkaline earth metal oxide in
an amount substantially in excess of thaf re-
quired to neutralize the oil. Preferably, however,
the basic sulfonate is formed by first purifying
the sulfonated oil by neutralizing with sodium
hydroxide, extracting the sodium sulfonate with
an aqueous alcohol such as isopropyl alcohol, sep-
arating the aqueous slcoholic extract from the
residual oil, precipitating the sulfonic acids by
acidifying with sulfuric acid, filtering and form-
ing a lubricating oil solution of the sulfonic acids,
and finally reacting with an aqueous solution of
a water soluble alkaline earth metal salt. ' Thus,
in preparing a basic barium sulfonate, an aque-
ous solution of barium chloride with the latter in
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substantial excess of that required for neu--:-

tralization of the sulfonic acids,is-added to the oil

solution. The reaction mix is subjected to steam-

20 ,
-fish oils, or the individual acids themselves. Very

ing with agitation for a substantial period of time, |
such as about 1-4 hours, to form the basic barium -

sulfonate, which is generally a material of in-
termediate chemical composition between the

4

employed to obtain the improved shear and tex-
ture stability. Suitable types of soap-forming
hydroxy fatty acids and glycerides thereof are
disclosed in said Patent No. 2,450,221, While the
soap-forming hydroxy fatty acids or their glycer-
ides may be used as the sole acidic component of
the lithium soap, they may be blended or com-
bined with the conventional saturated fatty acids
or fats in such proportions that at least 509% of
the total acidic component is comprised of the
hydroxy fatty acids or glycerides thereof. In
general, any of the recognized fatty acid mate-
rials normally used in grease manufacture may
te employed providing they are essentially sat-
urated in character. These fats and fatty acids
include mixtures of fatty acid glycerides found
in naturally occeurring fats and oils, together with
fractionated components thereof. The fatty
acids may be a mixture of acids split off from
these fats. or-prepared from hydrogenation of

satisfactory results are secured by employing as
the saturated fatty material for the formation

~of the lithium soap a mixture of about 60-80%
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truly basic barium sulfonate BaOHSO3R and the -

normal barium sulfonate Ba(SO3R)z.

oil solution of the basic barium sulfonate "is
washed and then heated to remove residual mois-
ture to obtain a lubricating oil concentrate of the
desired additive in about 25-50% concentration.
The basic salt of sulfonic acid may also be made
by reacting an oil solution of the sulfonic acid
with a methanol solution of the base (e. g. barium
hydroxide) and then removing the methanol. In
general, the weight ratio of alkaline earth metal
to sulfur content in the desired material for pur-
poses of the present invention will be in excess
of 1.1 times that represented by the normal salt
M(SO:R)2 and up to two times that represented
by the said normal sal. - - o
While any of the alkaline earth metal basic
salts of a sulfonated hydrocarbon, including those
of calcium, strontium and magnesium, can be em-
ployed, the basic barium sulfonate is- preferred.
Moreover, while the hydrocarbon selected for sul-
fonation is generally & mineral oil fraction, par-
ticularly a lubricating oil distillate or solvent ex-
tract thereof, this is not essential.- Other oil sol-
uble hydrocarbon sufonic acids suitable for pre-
paring basic ‘sulfonates of the present invention
may be produced by sulfonating alkyl aromatic
hydrocarbons, such as alkyl benzenes and alkyl
naphthalenes, wherein the alkyl group or groups
in the side chains have at least about 8 carbon
atoms and preferably more to provide oil solu-
bility. Thus an alkyl aromatic hydrocarbon suit-
able for the production of the desired oil soluble
sulfonic acids may be formed by condensation of
aromatic hydrocarbons with chlorinated parafiin
wax, alkyl chlorides such as chlorinated kerosene,
polymerized olefins such as polypropylene, fatty
alcohols ete.. Suitable condensing agents are the
Triedel-Crafts catalysts, sulfuric -acid and the
like, ;
The above-described basic alkaline earth metal
sulfonates may be employed in  lithium base
greases formed from any saturated fatty mate-
rial, such as the conventional saturated-fatty
acids or glycerides thereof, to provide copper cor-
rosion inhibition. : )
Preferably, the lithium base greases formed
from hydroxy fatty acids or their corresponding
glycerides, such as hydrogenated castor oil; are

Following .~
separation of the aqueous phase, the lubricating .
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of hydrogenated castor oil or 12-hydroxy stearic
acid with 40-20%" of a saturated fatty acid such

‘as stearic acid. The grease may contain about

10-309% by weight of the lithium soap.

In order to obtain the improved wide tempera-
ture range and low temperature properties, the
liquid lubricating base of thie lithium grease com-
position is preferably formed.of a major propor-
tion of a synthetic oleagirious lubricating com-
pound or condensation product, many types of
which are now known in the art. Very satisfac-
tory synthetic lubricants of this character are
represented by the high molecular weight high
boiling liquid aliphatic dicarboxylic acid esters
whieh are within the lubriéating oil viscosity
range - and- possess lubricating properties. . The
eompounds within this particular class are the
esters of such acids as sehacic, adipic, pimelie,
azelaeic, alkenyl succinic, alkylmalei¢, ete. The
esters thereof are preferably the aliphatic esters
and particularly the branched chain aliphatic di~
esters.. -Specific examples of the preferred ole-
aginous compounds are. di-2-ethyl hHexylsebacdte;
di-2-ethyl hexyl azelate, di-2-ethyl hexyl adipate,
di-sec-amyl sebacate,. di-2-ethyl hexyl - alkenyl
succiniate, di-2-ethoxyethyl ‘ sebacate, di-2-(2’'-
methoxyethoxy) ‘ethyl sebacate; "di-2-(2’-ethyl
butoxy) ethyl sebacate, di-2-butoxy ethyl azelate,
dé-z-(z'—butoxy ethoxy) ethyl alkenyl succinate,
ete. o o

These oleaginous compounds may be used as
the sole oil component of the grease or they may
be blended with a mineral lubricating oil. - Where
a-blend is employed, and low temperature prop-
erties are required, the mineral lubricating oil is
preferably a light refined distillate mineral lubri-
cating oil, such as. a naphthene or paraffin base
distillate, havirig an SUS viscosity at 100° F. of
about 50-130 and preferably about 100 secs. The
mineral lubricating oil will generally constitute
less than 509 of the blend, and ordinarily about
40-20% thereof.  The mineral lubricating oil
blend is advantageous where the lithium soap is
formed in situ. In such case, the 'saponification
of the fatty material with the lithium hydroxide
and dehydration of the resulting soap are conven-
iently carried out in the presence of a portion of
the mineral lubricating oil, and the synthetic
lubricant together with the additives employed
in the grease are then'added following dehydra-
tion and as the agitated soap mix cools. . .- .
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*The:following. examples ax;e given #gg Jllustra,te
the pre,sent 1nvent10n" : :

" EXAMPLE 1

A lithium base grease was prepared from a
fatty material consisting of about 75% by weight
of hydrogenated castor oil and 25% by weight
of stearic acid. The lubricating base used was
a mixture of about 75% by weight of di-2-ethyl

hexyl sebacate with about 25% by weight of a-

naphthene base mineral lubricating oil having:
an SUS viscosity at 100° P. of about 50-60.
The method of preparation involved charging a
steam-heated kettle with the required amount
of 10.3% lithium hydroxide solution. together
with a small amount of water and heating to
about 180° F. The hydrogenated castor oil was
then added together with a small proportion of
the naphthene base mineral lubricating oil, the
latter being less than the amount of hydrogen-
ated castor oil.

at 170-190° F. for about 4 hours while agitated, )

and then the stearic acid was added and the
temperature maintained with stirring for an-
other 1-2 hours to complete saponification. . The
sapomﬁed mix was then heated with stirring at.
about 290-330° F. for-about 4 hours to effect de-
hydration. The balance of the mineral lubri-
cating oil was then added with stirring as the
kettle contents cooled down to- about 270° B
Fmally, the di-2-ethyl hexyl sebacate was siowly
added with stirring during further cooling, and
any additives were then introduced into the
grease before the latter was drawn at a tem-
perature below 200° F

A series of greases were-prepared in the fore-
going manner, to €ach of which was added about
0.5% by weight of phenyl alpha naphthylamine
as an oxidation inhibitor, together with various
additives of the corrosion inhibiting type, in an

effort to produce a grease meeting the copper-

consxstencms ‘of the various _greases were ad-

justed within the ball and roller bearing grease

range, varying from g soap content of about
12,59 to about 18% by weight. As pointed out
above, each of the greases had an approximately
3:1 weight ratio of lithium soap- of hydrogenated
castor oil to hthium ‘stearate, and had an ap-
prox1mately 3:1. weight ratio of di-2-ethyl hexyl
sebacate to. mmeral lubricating oil, The follow-
ing: Table I shows the results obtained on these.

ploymg the varmus add1t1ves in the base grease
and jn the weight percent. as listed. in the: table.

B

pressure drop due.to oxygen absorption must.oc-
cur. Then at the completion of :the 20-hour
period, both the sample of grease -and .copper
strip are inspected.  In addition to the require-

.mment for no pressure drop during the test, there

must be no more than a very faint stain on the

" copper strip and no more than a slight stain on

the grease in order to be rated as passing.

__Slightly inferior products which do not merit a

10

full “pass” rating are given a rating of “border-

- line-to-pass” where there is no more than a light

stain-on the grease and no pressure drop; and

" a rating of “borderline to fail” where there is

20

a -stain on the copper with or without a’stain on
the grease and no pressure drop. All other Te-
sults are rated ag “fail* .
Sinee the foregoing greases. of Table I, in-
cluding the base. grease of sample 1 which con-
tained no: corrosion inhibitor, all were com-
‘bounded with gbout 0.5% by weight of the ei=
fective oxidation inhibitor phenyl  alphanaph-
thylamine, they all satisfactorily met the re-
quirement for no pressure drop during the test,

- and this item is not separately listed in the
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table. It is to be noted that the base grease of
sample 1. produced a light brown stain.on: the
copper strip while the grease was also slightly
discolored, and thus: failed the test. Sample 2
containing a combination of 4.1% of: tallow with
6.6%. cf conventional calcium mahogany sulfo-

-~ nate, which: combination is recognized to be: an
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effective corrosion inhibitor in: other relation-
ships, also failed the test. Sample 2 contain--
ing 1% of lauryl acid orthophosphate with 3%.
of the conventional calcium mahogany sulfo--
nate, both of which are recognized corrosion in--
hibitors in other relationships, also failed the:
test. Sample 4 containing 2.7% of sodium ma--
hogany sulfonate was a.clear failure in this test.

SAMPLE 2 .

A base grease was prepared in the. foregoing
manner of Example 1.and had the foilowmg cal-
culated composition:

) Weight percent
Lithlum soap . of hydrogenated castor

oil - 16.75 .
- Lithium stearate o o o - i _aili. . 558
Excess LIOH oo 0.05 -

Parafin base mineral lubricating_ 611' :
having SUS at 100° F. of 1024...... 1887 "~

Table I'
. . 2—134 Corrosmn Test
Additive Weight Percent,

’ Copper Grease Result
1. N ............................... Light brown Shghtly darker. | Fail.
2; T?llovg (461@-)}-Ca Mahogany sul | Greenish browr: Darker .......... Do:
3. La?inr%? (acu‘i orthophosphiate | Dark brown.....| Black near cop- | - Do:

(% O%H—Ca mahogany sulfonate: ', S peri |
4. Na’ mahogany su}fonat_e_ (2.7%) - }2m2e=G0e s crmmens S,liglit_t@iscolora- " Do,
R ST <~ {1016
The 2—134 corrosion test of the foregoing tabIe Di-2-ethyl hexyl sebacate .___..._____ 5651

was-run- by placmg 3 copper strip-in a Norma- 70 Phenyl alphs naphthylamine .__._____ 07
Hoffman bomb s0 as to be- partially immersed in Glycerin- (from the fat)- meimiccidiiean - L6
a- sample of the grease under test, and: then Dye e 0:0003

mamtaimng the bomb under oxygen pressure
(110 pounds per-square inch initial pressure) at
2102 F. ‘for 20 hours.

To the foregoing base grease; various additives

During that period, o 76 were added m"the-, percentag_esx as. shown. in. the
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following Table II, and the resulting grease sam-
ples tested in the 2-134 corrosion test with the
indicated results:

8

free alkalinity in a lithium base grease containing
a baslc alkaline earth metal sulfonate of the
present invention, the following Table IIT is

-Table II
. R . “2-134 Corrosion Test
Additive Weight Percent - - —
. - . L ‘Copper _ Qrease Result
1 'None .......................... ‘Li-ght brown....| Faint lavender | Fail, - -
. around cop-
per.,
2. M(ercaptobenzothiazole ..... [« (S, No change. ..... Do.
3. N, N’-dlsahculidene 1,2 diami- {.-... [ 1 T, Dark gray....... Do..
nopropane {0.25%). ;
4, Alkyl Maleic Acid (0.259%)....| Dark brown._... Purple. coceaaean Do.
5. Sulfonated Tallow (0.6%)....- Non- xgliform -Lavender....... Do.
8. 4-methyl 2,6-ditertiary butyl Dark brown..... Slightly darker..] Do.
phenol (0.5%). .
7. Ca phenol sulfonate (0.5%)----| Unchanged...... Light lavender.. Bgrdfeqme
o fail,
8. Sorbitan mono-oleats (0.5%):..{ Light stain...... Unchanged...... Do..
9, “Santolube 203A”’ (1.23%)----- Unchanged .-...do . Pass.
10, “Santolube 203A" (0.6%) ---- Very slight stain.| Very slight stain. Botrderline
0 Pass.
1. “Santolube 203A7 (0 25%) .......... L s S, Very slight dark-{ Borderline
i ening. to fail.

In the foregoing Table II, “Santolube 203A”
indicates a commercial product manufactured by
Monsanto Chemical Company and is a lubricat-
ing oil concentrate .containing approximately
50% by weight of.a basic barium derivative of a
sulfonated hydrocarbon which is representative
of the satisfactory types of basic alkaline earth
metal sulfonates of the present invention. A
typical sample of “Santolube 203A” gave . the
following tests:

Viscosity SUS at 210° F__ oo 55.5
Color Lovibond Y% in: cello.___________ - 660.0
Chlorine, weight per ecent______.______... 013
Sulfur, weight per cent.. - .. _. 1.03
Barium, weight per cent . ___________ 4,15

As will be noted, the weight ratio of barium metal
to sulfur content calculates to 4.03, as against a
theoretical ratio for the normal barium sulfonate
of 2.14 and for the completely basic barium sul-
fonate of 4.28, Other typical basic. barium
sulfonates tested, and which have been effective
for purposes of the present invention have had
weight ratios of barium metal to sulfur contents
of 3.27 and ‘2.69 respectively. In general, it can
be stated that the weight ratio of alkaline earth
metal to sulfur content in the effective materials
may vary between about 1.1 up to two times the
theoretical weight ratio for the normal salt. It
thus appears that the truly basic compound is not
necessary, but a complex material which is basic
in character so as to have a weight ratio of the
alkaline earth metal to sulfur content which is
in excess of 1.1 times the theoretical ratio for
the normal salt, is satisfactory for purposes.of
the present invention. These satisfactory ma-
terials are termed herein ‘“basic alkaline earth
metal sulfonates.”

Referring again to the foregoing Table II,
sample 1 shows that the base grease fails the
2-134 corrosion test. Samples 2-8 show that vari-

ous additives which are recognized as highly .

effective corrosion inhibitors in other environ-
ments, when added to the said base grease, failed
to produce compositions which passed this rigor-
ous test. On the other hand, samples 9-11 show
that the basic barium sulfonate was unexpectedly
effective in a proportion of about 0.25% and over
in enabling the grease to pass this rigorous test.

EXAMPLE 3
In order to illustrate the effect of free acidity or
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listed. This shows- the results obfained on 3:1
lithium soap of hydrogenated castor oil-lithium
stearate greases containing 3:1 mixture of di-2-
ethyl hexyl sebacate and parafin base mineral
lubricating oil, together with 0.6% phenyl alpha
naphthylamine and 1% “Santolube 203A” (ex-
cept that sample 5 contained 1.5% “Santolube
203A%).

Table 111
Frog Batiy | Fros aha- | o 2024
ree raily ) Xree AlXa- | oqrosion
Acid as linity a3
" Olefe LiOH Test
Fail,
Pass.
Fail,
Borderline.
Do.
Pass.

1 Contamsl 5% of “Santolube 203A."

Samp1e 1, which is a grease typ1ca1 of that shown
in Patent No. 2,450,221 in that excess stearic acid
was added to provide a free fatty acid content of
0.23 %, except that the said grease also contained
basic barium sulfonate of the present invention,
failed the 2-134 corrosion test. Sample 2 which
is the base grease of Table II above containing
1% of the basic. barmm sulfonate and having a
free alkalinity of 0.05%, passed this test. On the
other hand, sample 3 which was prepared to

_ striet neutrality failed the test, and samples 4

__borderline in this test.

60.

and 5 which contained 0.1% free alkalinity were
Sample 6, which was
prepared to 0.2% alkalinity readily passed the
2-134 corrosion test. On the basis of numerous

. tests, it can be stated that the grease of the

85
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present invention should be at least neutral in-
stead of acid, and preferably should have a free
alkalinity of at least 0.2% and varying up to about
1%. In the range from neutral to less than
0.2% free alkalinity, satisfactory greases pre-
pared in accordance with the present invention
and meeting the 2-134 corrosion test can be pro-
duced, although. the results may vary from batch
to. batch. On the other hand, by providing a
free alkalinity of at least 0.2% in conjunction
with the basic alkaline earth sulfonate additive,
satisfactory lithium base greases passing the

- 2-134 corrosion test can be produced with uni-

formity and ease.
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A satisfactory basic-barium- sulfonate additive
for -purposes “of -the present”invention was- pre-
pared as follows: A petroleum mahogany sulfonic
acid Was\prepared i conventional manner by the
sulfonation-of “a dlstlllate lubricating- oil frac-
tionr followed by separationr of the sulfonic acid
product. The latter-analyzed 30.7% sulfonic acid,

2439 ‘minerallubricating oil and 45.0% volatile

material.; 2314 grams of the foregoing petroleum
sulfonic acid” product-were-charged to-a 3-neck
flask fitted” WItI'L a; stirrer; and 2,000 grams of
naphthene hase: lubrmatmg oil distillate having
an SUS’ viscosity at 100° F. of about- 390 were
added together with 500 cc. of anhydrous methyl
alcohol.  The mixture was stirred and heated-to
113% P, and’ then a solutionr of 376 gramsg- of
barium hydroxide in 3,000 cc. of anhydrous
methyl alcohol was added in three portions: The
quantity of\barmm hydroxide was-10%_in excess
of “the". calculated ‘amount’ to- ‘produce the basic
barium- sulfonate-salt: The resulting mixture
was then: heatedfurther to-distill off methyl alco-
Lol and ‘water, ant the temperature was-held at
338-365% I, for 14 hours.  Any small amount of
remaining water in the reaction mixture:was then
removed’ by ‘sweeping- with- nitrogen: The dried
mixture was then filtered through a body of solid
filter aid materiat-while-hot; and 195 grams ad-
dittonal. of the' naphthene- base lubricating oil
were added in  ordér to bring the active material
to 259% concentration. Analysis of the resulting
Tabricating . 0il_concentrate.of the hasic barium

sulfonate. by ashing gave rthe: following results:
Theory-'| Found

Barium Sulfonate: ..o oooonooiiioeos 11,48 | 11.16-11. 13

Fr g 1o e: LA P 6.7 | 6.57-6.54

The weight ratio of barium to:sulfur-in the active
material.caleulated.to 4.27, which is substantially
theoretical .for. the true.basic barium sulfonate.
In the following Table IV, the figures. given for
weight per cent of the basic barium sulfonate
are those for the concentrate; conseguently, the
weight per cent of the ‘active basm sulfonate is
1y ofthe listed figures: ‘

In order to illustrate-the: results obtamed ‘with
other types of synthetie lubricant bases; the fol-
lowing Table- IV sets: 'forth the results secured
with -the-foregoing basie barium sulfonate addi-
tive-and also the-commereial “Santolube 203A™ in
a- 3.1 lithium -seap - of  hydrogenated castor- oil-
lithium -stearate-grease using 2 3:1 mixture of ‘'di-
2-ethryl -hexyl:azelate-paraffin base mineral lubri-
cating oil as the lubricant base, and containing
0.5% phenyl alphanaphthylamine.

< Table IV,
o 1+ 772134 Corrosfon Test

Additive: Weight Percent -
Copper ) Grease Resu’]t‘
1. BasicBa-Sulfonate (1.0%)..| Shightstain:.| Slight pink .| Pess.
%:. Basic.Ba Silfonate.(3.0%)--| Unchanged..| Unchanged._[ - Do.
3.:“Santolube 203A” (1%) .- ngﬂy shght Slight pink:.| - Do.
am o
4, “Santolube 208A." (2%) ewo|ewacc@Omvaae.| oo do. Do.
5. “Santolube 203A2" (3% ---- Uncha.nged_. Unchanged..] Do.

EXAMPLE'S.

'I‘he feummng example illustrates the prepara-»

tion of aii'approximately 6,000 pound plant batch
of lithium base grease in accordance with the
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10
present- invention. The. ingredients. employed '
were.as followss ey Tl

s . Weight in Perceut by
. - Ingredients: - . pounds - We1ght

Hydrogenated Castor Ol - .| - 78" 12,68
Triple Pressed Stearic Acid ... - 262.. 4.21
Lithium Hydroxide Monohydrate.-_. ... ©199: 87 3.23
Water (Distilled 'or Candénsed Steam) T U Wy £ T SN S
Paraffin -Basg - Mineral - Lubricating. Oil .| . .
with an SUS viscosity at 100° . of 101.- 1,218 - 19,61
Di-2-ethyl hexyl sebacate.. i; 3:664 58:83
P]Sheny} a]phanaphthylamme-,-,__‘ JUT 303 ; a1 0.50
"Santqube ZOSA” . 61.8 1.00

The: hydrogenated ‘castor. 011 1n molten form
was. added to the kettle with stirring.together
with about 483 pounds . (61.5% of the hydrogen-
ated castor. oilcharge). of the:mineral lubricat-
ing oil,. The.oil is maintained. less. than_the
amount of hydrogenated castor oil.at this stage
in order to promote proper conditioning.of the
soap -base during later stages of the manufactur-
ing. procedure. ‘With. the kettle contents beéing
stirred at.a temperature of-about 175-200° E., 3
qua.ntlty of water which was less.than the guan-
tity- of hydrogenated.castor oil charge. (in this
case about.56.5% of - the hydrogenated castor oil)
was..added, and. then . the lithium hydroxide. in
the form of a.10%. aqueous. solution was intro-
duced. . -The. amount of lifthium hydroxide was
calculated to be sufficient.for saponification of all
the fafty materlal and. to. provide a caleulated
excess: of about.0:46% lithium hydroxide figured
on the basis of finished grease-at 18% soap con-~
tent.. Saponification was effected during a 4-hour
period of stirring at a temperature of 180-200° F.
with shots of water. being added from_time to
time. to assist.the reaction. The stearic acid was
then introduced and stirring confinued at the
foregoing temperature for about, 1 hour with ad-
ditional shofs: of, water being. added to. prevent
the -soap base. from balling. up. and becoming
gummy. The.temperature- was then raised. as
quickly.as. possible-to, 320-330° 'F. and maintained
at.the elevated. temperature for. a. period; of: 5-9
hours. for dehydration.and until the soap base
became: translucent.and had.a tendency -to frac-
ture. when cold.. The remaining mineral Iubri-
cating oil was then introduced slowly as the tem-~
perature dropped to,300° F. The. di-2-ethyl hexyl
sebacate.introduetion .was then begun and. con-
tinued: slowly over. a.period of about 8 hours.as
the temperature dropped to about 220° F. and the
desired grease consistency was. attained. . The
phenyl alphanaphthylamine, the dye, and finally
the “‘Santolube 203A” were added with continued
stirring, and the grease. was. finally: drawn at a
tempera.ture 0f 180-190° 1,

‘Typical, tests: obtained: on the foreg_oing grease
wereas follows. S

Penetra,tlon, ASTM at 77" P, worked_,---_‘ .

'294

oy e e i e i s DO

! ' CE - 1.8..»19

Free alkali as LiOH, per cent i, 021

Norma-Hoffman. oxidation: 210°-F oo

- 100 hiours’pressure, drop pounds..__..___ " 4

2-134 corrosiontest. i eeo oo ___. 'Pass

Pressure-drop.during: corrosion: test ____- -0
Waterresistance; grease:washed: :

from.bearing, percent ______ ... ____ ]

Low temperature torque —67° F.,
2,000 gram centimetertorque;
secs. per revolution




2,610,946
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As shown by the foregoing tests and others not
listed, the said grease satisfactorily met all of the
requirements of U. 8. 2-134 and AN-G-25 specifi-
cations. o

It will be understood that the grease may also
contain other additives in small proportions
which are compatible with the essential ingredi-
ents and do not interfere with the desirable
properties thereof, Such additional additives in-
clude extreme pressure or lubricity agents, such
as dibenzyl disulfide, viscosity index improving
and pour depressant type materials such as
acrylic acid ester polymers, materials for improv-
ing resistance in the salt spray humidity cabinet
test such as sorbitan mono-oleate, and the like.

Obviously many modifications and variations of
the invention, as hereinbefore set forth, may be
made without departing from the spirit and
scope thereof and, therefore, only such limita-
tions should he imposed as are indicated in the
appended claims. : .

I claim: ‘ .

1. A lubricating grease composition comprisin
as the essential constituents an oleaginous liquid
lubricating base as the major constituent, about
10-309 by weight of a lithium soap of a saturated
soap-forming fatty material, and from 0.25 to
3% hy weight of an oil-soluble basic alkaline
earth metal salt of a sulfonated hydrocarbon
wherein the weight ratio of alkaline earth metal
to sulfur content is from 1.1 to 2 times that rep-
resented by the normal salt M(SOsR)z, where
M is the alkaline earth metal and R is the hydro-
carbon residue, said basic salt being in sufficient
proportion to enable said grease composition to
pass the copper corrosion test of U. 5. Army
specification 2-134.

9. A lubricating grease composition according
to claim 1, wherein said basic salt is a basic
barium sulfonate.

3. A lubricating grease composition comprising
as the essential and at least major proportion
of the lubricating base an oil-soluble high
molecular weight high-boiling liquid aliphatic di-
carboxylic acid ester within the lubricating vis-
cosity range and possessing lubricating proper-
ties, sufficient lithium soap of soap-forming fatty
material to thicken said lubricant base, said soap-
forming fatty material consisting of more than
50% by weight of a hydroxy soap-forming fatty
material selected from the group consisting of
hydroxy fatty acids and hydroxy fatty acid
glycerides, and from 0.25 to 3% by weight based
on said composition of an oil-soluble basic
alkaline earth metal salt of a sulfonated hydro-
carbon wherein the weight ratio of alkaline earth
metal to sulfur content is from 1.1 to 2 times that
represented by the normal salt M(SOsR) 2, where
M is the alkaline earth metal and R is the hydro-
carbon residue, said basic salt being in sufficient
amount to enable said grease composition to pass
the copper corrosion test of U, S. Army specifi-
cation 2-134. :

4. A lubricating grease composition according
to claim 3, wherein said basic salt is a basic
barium sulfonate. '

5. A lubricating grease composition according
to claim 4, which contains about 0.05-1.0% free
alkalinity calculated as lithium hydroxide.

6. A lubricating grease composition according
to claim 5, wherein the said basic salt is a basic
barium sulfonate present in an amount of about
0.7-2% by weight. ,

7. A lubricating grease composition comprising
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as the lubricant base a minor proportion of
mineral lubricating oil and a major proportion of
a branched chain aliphatic diester of a dicar-
boxylic acid selected from the group consisting of
sebacic, -azelaic and adipic acids, about 10-30%
by weight based on the composition of lithium
soap of a mixture of a major proportion of hydro-
genated castor oil and a minor proportion of
stearic acid, and-from 0.25 to 3% by weight based
on said composition of an oil-soluble basic alka-
line earth metal salt of a sulfonated hydrocarbon
wherein the weight ratio of alkaline earth metal
to sulfur content is from 1.1 to 2 times that rep-
resented by the normal salt M(SO3R)2, where M
is the alkaline earth metal and R is the hydro-
carbon residue, said basic salt being in sufficient
amount to enable said grease composition to pass
the copper corrosion test of U. S. Army specifi-
cation 2-134.

8. A lubricating grease composition according
to claim 7 which contains about 0.15-1.0% free
alkalinity calculated as lithium hydroxide.

9. A lubricating grease composition according
to claim 8, wherein the said basic salt is a basic
barium sulfonate present in an amount of about
0.7-2% by weight.

10. A'lubricating grease composition according
to claim 9, wherein the branched chain aliphatic
di-ester is the ethyl hexyl di-ester. '

11, A lubricating grease composition consist-
ing essentially of the following ingredients in per
cent by weight:

Di-2~ethyl hexyl sebacate - ccumaae-- 40--80
Mineral Iubricating oil ~ e vmaeee 8-35
Lithium soap of hydrogenated

€aStor Ofl e 8-22
Lithium stearate oo e 3-19
Glycerin e 0.7-25
Free alkali as LiOH oo 0.05-1.0
Basic barium sulfonate .. 0.5-3.0
Oxidation inhibitor - o ceeceoee = 0.2-2.0

12. A lubricating grease composition consisting
essentially of the following ingredients in per
cent of weight:

An approximately 3:1 mixture of
di-2-ethyl hexyl sebacate and

mineral lubricating oil o ______ 60-86
Lithium soap of an approximately

3:1 mixture of hydrogenated

castor oil and stearic acid ..o ______ 12-30
Glycerine — e 0.7-2.5
Tree alkali as LIOH .. 0.2-0.6
Basic barium sulfonate . _______ 0.7-2.0
Phenyl alphanaphthylamine . _______ 0.2-1.0

GEORGE W. ECKERT.
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