United States Patent 19
King et al.

(1 3,929,650
(451 Dec. 30, 1975

{54] EXTREME PRESSURE AGENT AND ITS
PREPARATION

{75] Inventors: John M. King, San Rafael; Nicolaas
Bakker, Pinole, both of Calif.

[73] Assignee: Chevron Research Conipany, San
Francisco, Calif.

[22] Filed: Mar. 22, 1974
[21] Appl. No.: 453,898

[52] US. Cliii, 252/33.4; 252/33
[51] Int. CLZ C10M 1/40; C10M 3/34; C10M 5/22;

C10M 7/38
{581 Field of Search ................. 252/33,33.4, 18,25

[56] References Cited
UNITED STATES PATENTS

6/1961 Hartley et al......cccocevnvenene. 252/18
3/1966 Wiley et al.....coceivvincennns 252/33.4

2,987,476
3,242,080

3,243,372 3/1966 Dreher et al...c..cc.coenenn. 252/51.5 A
3,254,025 5/1966 LeSuer..... e 252/33
3,313,727 4/1967 Peeler...... 252/33.4
3,396,108 8/1968  Caruso......iccocvvueinerririrninenne 252/18
3,480,548 11/1969 Hellmuth et al.... ... 252/33.4
3,565,802 2/1971  West €t al....ccoienrecincnniinens 252/25
3,819,521 6/1974  SimS..c.ciiivnniieniinininnenecens 252/33
3,829,381 8/1974  LeSuer.....coevrerivrenciennene 252/33.4

Primary Examiner—Delbert E. Gantz

Assistant Examiner—1. Vaughn

Attorney, Agent, or Firm—G. F. Magdeburger; C. J.
Tonkin

[57] ABSTRACT

A particulate dispersion of an alkali metal borate is
prepared by contacting boric acid with an alkali metal
carbonate overbased metal sulfonate within an oleo-

philic liquid reaction medium.

23 Claims, No Drawings



3,929,650

1

EXTREME PRESSURE AGENT AND ITS
PREPARATION

DESCRIPTION OF THE INVENTION

Numerous additives are incorporated into lubricating
oils and greases to enhance their lubricating properties.
A wide variety of materials have been employed to
increase the load-carrying capacity of lubricants em-
ployed under boundary or extreme pressure (EP) con-
ditions. When moving surfaces are separated by oil or a
grease, as the load is increased and the clearance is
reduced between the surfaces, the condition of bound-
ary, or thin-film, lubrication is reached. Metal-to-metal
contact occurs and wear or seizure results. Under these
conditions, the effectiveness of lubricants in reducing
wear or friction varies widely. At still higher loads, the
condition commonly known as extreme pressure lubri-
cation is reached. Scuffing, galling, and rapid wear or
seizure may occur. Welding of two contacting surfaces
occurs followed by metal transfer (galling) or cleavage
and production of metal fragments.

In order to avoid the undesirable effects which result
when using an uncompounded lubricant under high
load conditions, extreme pressure agents are added.
For the most part, the extreme pressure agents have
been oil-soluble agents containing a chemically reac-
tive element, e.g., chlorine, sulfur, or phosphorus,
which reacts with the metal surface at the high temper-
atures produced under load conditions. This chemical
bond to the EP agent then provides relatively good
boundary protection.

Recently, a new type of additive has been developed
which, unlike the chemically reactive chlorine, sulfur
or phosphorus containing EP agent, does not react with
the metal surfaces to become chemically bonded
thereto. Instead, this extreme pressure additive is a
dispersion of microparticulate alkali metal borates
which is believed to deposit on the metal surface a
viscous lubricating film. These borates and their prepa-
ration are disclosed in U.S. Pat. No. 3,313,727.

The microparticulate metal borates are prepared by
dissolving an alkali metal borate, or its precursors, in
water and emulsifying the aqueous solution in oil to
form a micro-emulsion. The emulsion is then dehy-
drated, leaving amorphous or glassy particles of the
hydrated alkali metal borate dispersed within the lubri-
cating oil.

Although the borate dispersions prepared in this
manner have excellent extreme pressure properties,
there is a need to prepare borate dispersions by a
method which does not involve the use of a water-in-oil
emulsion and its subsequent dehydration. In addition,
certain borate dispersions exhibit a compatibility prob-
lem with other lubricating oil additives such as phe-
nates, sulfurized fats, and zinc dithiophosphates.

It is therefore an object of this invention to provide
an improved method for preparing a dispersion of mi-
croparticles of an alkali metal borate in a lubricating oil
or grease.

It is an additional object of this invention to provide
a method for preparing borate dispersions having EP
properties which does not involve the employment of a
water-in-oil emulsion.

It is an additional object of this invention to provide

a borate dispersion having improved EP properties. An.

additional object of this invention is to provide a borate
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dispersion which has improved compatibility with other
lubricating oil additives.

The aforementioned objects and their attendant ad-
vantages may be realized by a particulate dispersion of
an alkali metal borate prepared by contacting boric
acid with an alkali metal carbonate overbased alkali or
alkaline earth metal sulfonate within a stable inert oleo-
philic tiquid reaction medium. Overbased materials are
characterized by a metal content in. excess of that
stoichmetrically required by the reaction of the metal
with the particular sulfonic acid. The base ratio is the
ratio of the chemical equivalents of excess metal in the
product to the chemical equivalents of the metal re-
quired to neutralize the sulfonic acid.

By preparing the alkali metal borates by the reaction
of boric acid with the alkali metal carbonate overbased
alkali or alkaline earth metal sulfonate, the necessity
for using a water-in-oil emulsion is avoided. In addition,
it was discovered that the borate dispersions prepared
by the method of this invention have improved compat-
ibility with other additives which are normaily incorpo-
rated into lubricating oils and include phenates, sulfu-
rized fats, and zinc dithiophosphates.

DETAILED DESCRIPTION OF THE INVENTION

The borate dispersions of this invention are prepared
by contacting within an oleophilic reaction medium (1)
boric acid and (2) an alkali metal carbonate overbased
alkali or alkaline earth metal sulfonate. The resulting
alkali metal borate particles prepared by this method
are believed to have the empirical formula:

M;0-xB;0;3yH,O
wherein: M is an alkali metal selected from the group
consisting of lithium, sodium, and potassium and pref-
erably sodium or potassium; x is a number from 0.8 to
3.5 and preferably from 1.0 to 3.0, and y is a number
from 0 to 8; and preferably from 0 to 1.

The borate particles prepared by the method of this
invention form a stable- dispersion in the oleophilic
liquid reaction medium. These particles are almost
entirely less than 0.1 micron and more usually less than
0.05 micron. The product may be filtered to remove
the larger microparticles.

The alkali metal carbonate overbased alkaline earth
or alkali metal sulfonates are prepared by overbasing a
neutral alkali or alkaline earth metal sulfonate with an
alkali metal carbonate.

NEUTRAL METAL SULFONATE

The neutral alkali or alkaline earth metal sunfonates
which may be overbased in the practice of this inven-
tion can comprise any oil-soluble alkali or alkaline
earth metal sulfonate. Preferably, these sulfonates are
aromatic and have the following generalized chemical
formula:

SO

w
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wherein: R is hydrogen or an alkyl having from 10 to 22
carbons (preferably from 15 to 21) and preferably
attached to the benzene ring through a secondary car-
bon atom; R1 is.an alkyl having from 3 to 10 carbons
when R is an alkyl:or an alky! having from 8 to 22
carbons when R is hydrogen. M1 is an alkali or alkaline

_ earth metal; and p is an integer from 1 to 2 and suffi-
cient to make M1 electro-neutral. "

. .In a particular embodiment the neutral metal sulfo-
nate is a dialkylbenzene sulfonate of the above formula

wherein R is a straight chain aliphatic hydrocarbon"

radical of 17 to 21 carbon atoms, usually having at least
2 homologs present, and having secondary carbon at-
tachment to the benzene ring and R1 is a branched
chain alkyl group of 3 to 10 carbon atoms, more usually
from 4 to 9 carbon atoms, having at.least 1 homolog
sent, and preferably having at least two homologs
sent, and there being at least 1 branch of 1 to 2
carbon atoms, more -usually ‘of 1.carbon atom,.i.e.,
methyl, per 2 carbon atoms, along the longest chain.
The attachment of the shorter alkyl group will gener-
ally be secondary or tertiary. Particular compositions
have R1 with an average of 5 to 8 carbon atoms. '

Usually, the difference in average number of carbon
atoms between the short and long chain alkyl groups
will be at least 10 and more usually atleast 12, and not
more than 16. L 3

The preferred dialkylbenzene suifonates which fin
use in the practice of this invention will generally have
~ small amounts of monoalkylbenzene sulfonate, wherein
the alkyl group is of from 17 to 21 carbon atoms, pres-
ent within the admixture. Preferably, the amount of the
monoalkylbenzene sulfonate will not exceed 30% and
more preferably the monoalkylbenzene sulfonate will
not exceed 20% by weight of the total sulfonate. Gener-
ally, it will be in the range of about 5 to 20 weight
- percent. s o

~'The positions of the alkyl group and the sulfonate on
the benzene.ring in relation to each other are not criti-
cal to this invention. Generally, most of the isomeric
possibilites will be encountered — with the particular

_isomers having the least steric hindrance being pre-

" dominant. Also, there will be a broad spectrum of iso-
mers based on the carbon of the alkyl group bonded to
the benzene ring, depending on the method of prepara-
tion and the reactants used in the preparation.

- llustrative short chain alkyl groups are isopropyl,
tert.-butyl, neopentyl, diisobutyl, dipropenyl, triprope-
nyl, etc. , _ ) .

Ilustrative of the long chain alkyl groups are hepta-
decyl, octadecyl, nonadecyl, eicosyl and heneicosyl.

The total number of carbon atoms in the alkyl groups
will generally.be.in the range of at least about 20 and
less than about 28. While small amounts of the dialkyl-
‘benzenes may be outside this range, the average num-
ber of carbon atoms of the alkyl groups over the total
composition will be within the range. .

In a particular embodiment, 2 monoalkyl polypropyl
benzene fraction. having a boiling range of about
318°-478°F (ASTM D 447) containing from 4 to 9
carbon atoms (an average of 6 carbon atoms) in the
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The average molecular weights of the alkylated ben-
zenes used to prepare the sulfonate will generally be in
the range of about 350.to 460, more usually in the
range of about 375 t0.425. ) '

The monoalky! benzenes can be prepared by simply
reacting benzene with a mono-olefin in a simple alkyla-
tion process. Typical alkylation catalysts include Frie-
del-Crafts catalysts such as hydrogen fluoride, alumi-
num chloride, phosphoric acid, etc. The alkylation
temperatures will ordinarily be in the range of about
4°C (40°F) to 38°C (100°F.) ‘

The particular dialkyl benzenes can be prepared in
substantially the same manner. A description of its
preparation is disclosed in U.S. Pat. No. 3,470,097.

‘The mono- or dialkylbenzenes may then be readily
sulfonated, using conventional sulfonation procedures
and agents, including oleum, chlorosulfonic acid, sulfur
trioxide .(complexed or thin film dilution techniques)
and the like., , :

Various methods may be used to neutralize the sul-
fonic acid obtained, these methods being extensively
described in the art. See for example U.S. Pat.-Nos.
2,485,861, 2,402,325 and 2,732,344.

The neutralization step is conveniently conducted by
contacting the sulfonated alkyl or dialkyl benzenes with
an aqueous alkali metal hydroxide solution. The prod-
uct is a neutral alkali metal sulfonate. The neutral alka-
line earth metal sulfonate is prepared by a simple metal
exchange process. The alkali -metal sulfonate is con-
tacted with -an alkaline earth metal salt, typically the
halide salt, and the mixture heatéd. Theé exchange pro-
cess may be accomplished -at temperatures of 50° to
150°C and contact times of 0.5 to 10 hours, usually

“from 1 to 3 hours.
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Ordinarily, the neutralized: product will be mildly
overbased, having from about 0.02 to 0.7 mol percent

excess of basic metal over that required for neutralizing

the acid. Alkalinity values of these neutral composi-
tions will generally be in the range of about 1 to 30,
more usually from abut 1 to 10 mg.KOH/g.

Specific examples of exemplary meétal sulfonates
which may be overbased for use in this invention are
disclosed in U.S. Pat.. Nos. 3,691,075, 3,629,209,
3,595,790, and 3,537,996. These patents are herein
incorporated by reference. - S

Ilustrative: individual c’ompositibns are sodium iso-

propyl eicosylbenzene sulfonate, potassium or barium

. tert.-butyl nonadecylbenzene sulfonate, calcium di-
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side chain and an average molécular weight of about ..

167 is alkylated with a substantially straight chain
C17-C21 cracked wax alpha-olefin. The molecular
weight of the resulting dialkylbenzene’ mixture has an
average value in the range of 350 to 450 and preferably
400 to 420. ‘

65

propenyl octadecylbenzene sulfonate, calcium diisobu-
tyl octadecylbenzene sulfonate, sodium (propylene
trimer) nonadecylbenzene sulfonate, barium isopropyl
eicosylbenzene sulfonate, etc.

OVERBASING OF THE NEUTRAL METAL
'SULFONATE -

Various methods of dVérbasing neutral metal sulfo-

_nates have been reported in the literature. See for ex-

Pat. Nos. 2,695,910, 3,282,835 and

3,155,616, as well as Canadian Patent;\570,8_l4. The
preferred method' employs a method similar to that
described in U.S. Pat. No. 3,155,616. .
The overbasing process can be ‘conveniently con-
ducted by charging to a suitable reactioh zone the neu-
tral metal sulfonate, and an inert hydrocarbon solvent.
An alkali metal base (usually an alkali metal hydrox-
ide) dissolved in a C1 to C4 alkanol is added while the
mixture is agitated and maintained at a temperature
and. pressure sufficient to remove from the liquid mix-

ample . U.S.




3,929,650

5

ture by distillation most of the alkanol charged. Carbon
dioxide or another suitable acid gas (hydrogen sulfide,
sulfur dioxide, etc.) is then contacted with the reaction
medium, preferably sparged or bubbled through the
liquid mixture. The introduction of the acid gas is con-
tinued until its absorption rate into the mixture ceases
or substantially subsides. Generally, from 0.2 to 1.6
equiv. and more usually from 0.9 to 1.3 equiv. of acid
gas will be absorbed by the mixture for every equiva-
lent of alkali metal base present.

The crude reaction product is then heated to strip out
the residual alkanol and water of reaction. The strip-
ping will generally be conducted at temperatures below
150°C and usually below 125°C.

After stripping the alkanol and water, the product
may be filtered.

The stripping of the hydrocarbon diluent will gener-
ally be carried out at temperatures below 200°C and
will usually not exceed 175°C, depending on the hydro-
carbon diluents used. Preferably, when xylene is used,
the temperature will not exceed 150°C.

Occasionally, the final product will be filtered again
to remove any adventitious particulate matter which
may still be present.

In a different embodiment, the hydrocarbon diluent
is first stripped and then the product is filtered. Also,
further addition of oil may be made to obtain a product
having a somewhat lower viscosity. The choice of the
particular route will depend on the equipment, the
materials used, their physical properties, and the prod-
uct desired.

The alkanol used, preferably methanol, will generally
have from about 0.01 to 1 weight percent water, more
usually from about 0.1 to 0.7% water. The alkanol will
generally be present from about 0.1 to 20, more usually
from about 1 to 10 weight parts per part of alkali metal
base.

The hydrocarbon diluent will be one having a boiling
point higher than alkanol to permit its retention when
the alcohol is removed during processing. The boiling
point should generally be less than about 280°C and
preferably less than about 250°C. Usually, the hydro-
carbon diluent will form an azeotrope with water. The
usual diluents contain aromatic hydrocarbons of 7 to
10 carbon atoms, having boiling points in the range of
about 100° to 180°C. These include toluene, xylene,
cumene and cymene. The hydrocarbonaceous diluent
can be present in an amount to form about a 5 to 20
weight percent dispersion of alkali metal base in the
initial composition, usually an 8 to 15 weight percent
dispersion.

The amount of overbasing varies greatly depending
upon the amount of borate dispersion ultimately
wanted. Typically from 1 to 20 equivalents of alkali
metal base will be used per equivalent of neutral metal
sulfonate, more usually from about S to 15 equivalents
of alkali metal base per equivalent of neutral metal
sulfonate. Thus, alkalinity values range from 50 to 460
mg.KOH/g, and preferably from about 150 to 300
mg.KOH/g.

It should be recognized that mixtures of alkali metal
carbonates may be employed as well as mixtures of
alkali and alkaline earth metal sulfonates. Thus, a so-
dium and potassium carbonate overbased sodium and
calcium sulfonate may be present in the same mixture
which may be further reacted with the boric acid to
form the borate particles of the.instant invention.
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6
OLEOPHILIC REACTION MEDIUM

The overbased metal sulfonate is contacted with
boric. acid within a suitable oleophilic reaction me-
dium. As referred to herein oleophilic is defined as a
property of a substance having a strong affinity to oils.
The liquid oleophilic medium is generally present in the
preparation of the overbased sulfonate and hence ex-
traneous addition of the medium is normally not neces-
sary. The oleophilic reaction medium can comprise any
stable, inert, organic oil having a viscosity ranging from
50 to 1000 SUS at 38°C (100°F) and preferably from
50 to 350 SUS at 38°C (100°F).

Examples of stable organic oils which may be em-
ployed include a wide variety of hydrocarbon lubricat-
ing oils such as naphthenic base, paraffinbase, and -
mixed base lubricating oils. Other oleophilic oils in-
clude oils derived from coal products and synthetic
oils, e.g., alkylene polymers (such as polymers of prop-
ylene, butylene, etc., and mixtures thereof), alkylene
oxide-type polymers (e.g., alkylene oxide polymers
prepared by polymerizing alkylene oxide, €.g., propy-
lene oxide polymers, etc., in the presence of water or
alcohols, e.g., ethyl alcohol), liquid esters of acids of
phosphorus, alkyl benzenes, polyphenols (e.g., bi-
phenols and terphenols), alkyl biphenol ethers, poly-
mers of silicon, e.g., hexyl(4-methyl-2-pentoxy)disili-
cone, poly(methyl)siloxane, and poly(methylphenyl)-
siloxane, etc. The oleophilic lubricating oils may be
used individually or in combinations, whenever misci-
ble or whenever made so by use of mutual solvents.

When concentrates are desired, the viscosity of the
overbased sulfonate in the oleophilic reaction medium
is generally too high for normal processing. In these
instances, it is preferred that a light hydrocarbon dilu-
ent be employed to reduce the viscosity of the reaction
medium. The diluent may be aliphatic or aromatic and
boiling below 200°C and preferably below 150°C. Ex-
emplary aromatic diluents include benzene, toluene,
xylene, etc., exemplary aliphatic diluents include cyclo-
hexane, the heptanes, octanes, etc. The diluent should
not boil below 70°C and preferably not below 100°C.

At the end of the processing steps, the diluent may be
stripped from the system. Any of the conventional
stripping techniques may be employed.

PREPARATION OF BORATE DISPERSION

The alkali metal borate dispersion may be prepared,
in a preferred embodiment, by the following steps: a
suitable reaction vessel is charged with the alkali metal
carbonate overbased metal sulfonate within the oleo-
philic reaction medium (typically the hydrocarbon
medium employed to prepare the overbased metal
sulfonate ). The boric acid is then charged to the reac-
tion vessel and the contents vigorously agitated.

The reaction is conducted for a period of 0.5 to 7
hours, usually from 1 to 3 hours at a reaction tempera-
ture of 20° to 200°C, preferably from 20° to 150°C and
more preferably from 40° to 125°C. At the end of the
reaction period, the temperature is raised to 100° to
250°C, preferably from 100° to 150°C to strip the me-
dium of any residual alcohol and water. The stripping
may be done at atmospheric pressure or under reduced
pressure of 700 mm. to 10 mm.Hg.

The amount of boric acid charged to the reaction
medium depends upon what type of alkali metal borate
is desired. If a tetraborate is desired 2 molar parts of
boric acid is charged per molar equivalent part of over-
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based alkali metal (e.g., 4 molar parts of boric acid for
each molar part of sodium carbonate). Generally, from
1 to 3 molar parts of boric acid are charged to the
reaction medium for each molar equwalent part of
overbased alkali metal.

The amount of alkali metal borate which may be
present in the oleophilic lubricating oil may vary from
0.1 to 65 weight percent depending on whether a con-
centrate or final lubricant is desired. Generally, for
concentrates, the borate content varies from 20 to 50
weight percent, and preferably from 35 to 45 weéight

_ percent. For lubricants, the amount of borate generally
varies from 0.1 to 20 weight percent and preferably
from 4 to 15 weight percent.

The preferred borate dispersions are sodium or po-
tassium metaborates, having from 0 to 8 waters of hy-
dration (preferably 1 to 5) and prepared from an over-
based sodium, potassium, calcium or barium petroleum
sulfonate. Particularly preferred is a borate dispersion
of sodium metaborate having 0 to 2 waters of hydra-
tion and prepared from an overbased calcium sulfo-
nate.

In a particularly preferred embodiment, the alkali
metal tetraborates are prepared from an overbased
metal sulfonate and converted into a metaborate by the
subsequent reaction with two molar parts of an alkali
metal hydroxide per molar part of said alkali metal
tetraborate. This is the preferred method for preparing
the metaborates since a charge ratio of one molar part
of boric acid per molar equivalent part of metal car-
bonate in the overbased metal sulfonate tends to form
a mixture of prefominantly a metal tetraborate and
overbased metal carbonate. The reaction conditions
may be the same as that described for the preparation
of the alkali metal carbonate overbased alkali or alka-
line earth metal sulfonate.

The water tolerance properties of the metal borate
dispersion may be improved by the addition of a lipo-
philic nonionic surface active agent to the lubricant.
The lipophilic nonionic surface-active agents include
those generally referred to as “ashless detergents”.
Preferably the nonionic surfactants will have an HLB
value (hydrophilic lipophilic balance) below about 7
and preferably below about 5. These ashless detergents
are well known in the art and include hydrocarbyl-sub-
stituted amines, amides and cyclo-imides. The hydro-
carbyl group or groups act as the oil-solubilizing group,
and the amine, amide or imide groups act as the polar-
liquid solubilizing group.

A principal class of lipophilic nonionic surface active
agents is the N-substituted alkenyl succinimides, de-
rived from alkenyl succinic acid or anhydride and al-
kylene polyamines. These compounds are generally
considered to have the formula

.
——CH R4H

R—~CH— L
>N—Alk——(N—Alk),.—N AIk—N<C
CHg —CH,

. m

wherein R is a hydrocarbon radical having a molecular
weight from about 400 to about 3000 (that is, R is a
hydrocarbon radical contammg about 30 to about 200
carbon atoms), Alk is an alkylene radical of 2 to 10,
preferably 2 to 6. carbon atoms, A is hydrogen or an
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8

a]kyl having from 1 to 6 carbons; n is an integer from 0
to 6, preferably O to 3 and m is an integer from 0 to 1
and preferably 0. (The actual reaction product of alke-
nyl succinic acid or anhydride and alkylene polyamine
will comprise a mixture of compounds, including succi-
namic acids and succinimides.-However, it is customary
to designate this reaction product as “‘succinimide’ of
the described formula, since that will be a principal
component. of the dispersant mixture. (See U.S. Pat.
Nos. 3,202,678; 3,024,237; and 3,172,891.)

These N-substituted alkenyl succinimides can be
prepared by reacting maleic anhydride with an olefinic
hydrocarbon, followed by reacting the resulting alkenyl
succinic anhydride with the alkylene polyamine. The
“R” radical of the above formula, that is, the alkenyl
radical, is preferably derived from an olefin containing
from 2 to 5 carbon atoms. Thus, the alkenyl radical
may be obtained by polymerizing an olefin containing
from 2 to 5 carbon atoms to form a hydrocarbon having
a molecular weight ranging from about 400 to 3000.
Such olefins are exemplified by ethylene, propylene,
1-butene, 2-butene, isobutene, and mixtures thereof.
Since the methods of polymerizing the olefins to form
polymers thereof is not the invention described herein,
any of the numerous processes-available in the art can
be used.

The alkylene amines used to prepare the succini-
mides are of the formula

H—N+-Alk!'—N+4-R!

A
y

wherein y is an integer from 1 to 10, preferably 1-6, A
and R1 are each a substantially hydrocarbon radical
having from 1 to 6 carbons or hydrogen, and the alkyl-
ene radical Alk1 is preferably a lower alkylene radical
having less thian about 8 carbon atoms. The alkylene
amines include ethylene amines, propylene amines,
butylene amines, pentylene amines, hexylene amines,
heptylene amines, octylene amines, other polymethyl-
ene amines, and also the cyclic and the higher homo-
logs of such amines as piperazines and amino-alkyl-sub-
stituted piperazines. They are exemplified specifically
by: propylene diamine, decamethylene diamine, octa-
methylene diamine, di(heptamethylene) triamine, tri-
propylene tetramine, trimethylene. diamine, di(-
trimethylene) triamine, 2-heptyl 3-(2-aminopropyl)
imidazoline, 1,3-bis(2-aminoethyl) imidazoline, 1-(2-
ammopropyl)plperazme 1-4-bis(2-aminoethyl)pipera-
zine, and 2-methyl-1-(2-aminobutyl)piperazine. Higher
homologs such as are obtained by condensing two or
more of the above-illustrated alkylene amines likewise
are useful.

The term ‘“‘ethylene amine’ is used in a generic sense
to denote a class of polyamines conforming for the
most.part to the structure

H,N(CH,CHNH),H
R2

in which R2'is a lower alkyl radical of |1 to 4 carbon
atoms or- hydrogen and y is defined above. Thus it
includes, for example, ethylene diamine, diethylene
triamine, triethylene tetramine, tetraethylene pent-
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amine, pentacthylene hexamine, 1,2-diaminopropane,
N,N-di(1-methyl-2-aminomethyl)amine, etc. .

A second group of important nonionic dispersants
comprises certain pentaerythritol derivatives. Particu-
lar derivatives which find use in this invention are those
in which pentaerythritol is combined with a polyolefin
and maleic anhydride or with a polyolefin and a phos-
phorus sulfide. The polyolefins are the polymers of
monomeric olefins having 2 to 6 carbon atoms, such as
polyethylene, polypropylene, polybutene, polyisobutyl-
ene, and the like. Such olefins generally contain a total
of 20 to 250 carbon atoms and preferably 30 to 150
carbon atoms. The phosphorus sulfides include P2S3,
P2S5, P4S7, P4S3 and related materials. Of these,
P2S5 (phosphorus pentasulfide) is preferred princi-
pally because of its ready availability.

Other nonionic emulsifiers which may be used in-
clude polymethacrylates and copolymers of polymeth-
acrylate or polyacrylate with vinyl pyrrolidone, acryl-
amide or methacrylamide.

If the lipophilic nonionic surface-active agent is em-
ployed, it will generally be present in about 0.01 to 5
weight percent, more usually from about 0.1 to 3
weight percent, of the final composition. The actual
amount of dispersant required will vary with the partic-
ular dispersant used and the total amount of borate in
the oil. Generally, about 0.001 to 1, more usually about
0.01 to 0.5, part by weight of nonionic surface-active
agent will be used per part by weight of the borate. In
the concentrates the mixture concentration will be
based on the relationship to borate rather than on the
fixed percentage limits of the lubricant, noted above.
Generally, the upper ranges of the nonionic surface
active agent concentration will be used with the upper
ranges of the alkali metal borate concentration.

Other materials may also be present as additives in
the composition of this invention. Such materials may
be added for enhancing some of the properties which
are imparted to the lubricating medium by the alkali
metal borate or providing other desirable properties to
the lubricating medium. These include additives such
as rust inhibitors, antioxidants, oiliness agents, viscosity
index improvers, etc. Usually, these will be in the range
from about 0.1 to 5 weight percent, preferably in the
range from about 0.1 to 2 weight percent, of the total
composition. An antifoaming agent may also be added
with advantage. The amount required will generally be
about 0.5 to 50 ppm, based on the total composition.

The borate dispersions are preferable employed in
lubricating oils, such as, gear and bearing oils, cutting
oils, pneumatic oils, greases, etc. The concentration of
the alkali metal borate present within the lubricating oil
(oleophilic reaction medium) may vary from 0.1 to 20
weight percent depending upon the particular applica-
tion.

The borate dispersion may also be employed in a
grease to impart extreme pressure properties. The
grease composition may be prepared by adding a
thicknening agent to the borate dispersion in the oleo-
philic lubricating oil. The thickening agent may be
added directly to the borate dispersion or produced
“in-situ’* within the oleophilic oil. Typical thickening
agents which may be employed include organic or
metal organic thickeners'such as polyurea, alkali metal
terephthalamate, lithium hydroxystearate, calcium
complex soap, aluminum complex soap, polymeric
thickener or combinations thereof.
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10

Exemplary polyurea greases which may be employed
are disclosed in U.S. Pat. No. 3,243,372. These greases
are prepared by reacting, within the lubricating oil to
be thickened, a polyamine having from 2 to 20 carbons,
a diisocyanate having from 6 to 16 carbons and a
monocamine or monoisocyanate each having from 10 to
30 carbons. Typically, these greases contain from 5 to
15 weight percent of the polyurea thickener although
lesser amounts may be used if other thickening agents
are present. A particularly preferred polyurea is a tet-
raurea prepared by reacting one molar part of ethylene
diamine with two molar parts of tolylen diisocyanate
and two molar parts of a monoamine having from 16 to
20 carbons.

Exemplary sodium terephthalamate greases are dis-
closed in U.S. Pat. Nos. 2,820,012 and 2,892,778.
These greases may be prepared by reacting a monoes-
ter of terephthalic acid with an alkali metal base in the
presence of a solvent. A particularly preferred grease
contains from 8-15 weight percent of a sodium N-(hy-
drocarbyl) terephthalamate having from 5 to 24 car-
bons in the hydrocarbyl group such as sodium N-
octadecyl terephthalamate.

The lithium hydroxy stearate greases are the most
widely employed multi-purpose grease. These greases
have the properties which render them particularly
suitable for use in the practice of this invention. The
lithium thickening agent is typically prepared by react-
ing lithium hydroxide with hydrogenated castor oil and
is present within a lubricating oil at a concentration of
10 to 20 percent.

Another class of high temperature greases which may
be employed is the calcium complex grease. These
greases are composed of 5-20 percent of a calcium
soap, e.g., calcium hydroxystearate, 4-20 percent of
calcium acetate and 1-10 percent of calcium carbon-
ate. A small amount of calcium hydroxide may also be
employed. Exemplary greases of this type are described
in U.S. Pat. Nos. 3,186,944 and 3,159,575.

Exemplary aluminum complex greases are described
in U.S. Pat. Nos. 3,476,684 and 3,514,400. These
greases are prepared by incorporating into alubricating
oil from 5-20 percent of the reaction product of a long
chain fatty acid, an aromatic acid and aluminum iso-
propoxide. ' :

The amount of thickener employed in making the
greases of this invention varies depending upon the
type thickener, type of lubricating oil, hardness of the
grease desired and the presence of other additives.
When greases having the preferred hardness of No. 2-4
NLGI (ASTM work penetration varying from 340 to
175) are employed, the amount of thickener generally
varies from 5 to 25 ‘weight percent and more. usually
from 8 to 15 weight percent of the grease composition.

EXAMPLE 1

This example is presented to illustrate the prepara-
tion of a dialkyl benzene sulfonate which may be used
to prepare the overbased metal sulfonates of this inven-
tion.

Benzene is alkylated using a tetramer polypropylene
fraction and HF alkylation catalyst, a reaction tempera-
ture of about 18°C. (65°F), and efficient mixing. The
hydrocarbon phase is separated, washed and fraction-
ated. The lower alkyl benzene fraction (boiling range

-159°C (318°F) to 248°C (478°F), ASTM D 447 distilla-

tion) is.collected as feed for the second stage alkylation
with a mixture of straight chain 1-olefins. The average
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molecular weight of the yabove branch‘éd"c‘hain alkylt-
benzene is 164. This corresponds. to an avérage of -6

+ sulfonate and heated: for one. hour, The phasés are
. allowed to separate and the aqueous. phase drawn off.

carbon atoms per alkyl group in the mixture. The.over-

all alkyl carbon atom content corresponding to ‘the
above boiling range is the C4-C9 range. ... - -

Using the above branched chain monoalkylbenzene
and a substantially straight. chain' C17-C21 1-alkene
fraction obtained from cracked .wax, and hydrogen
fluoride catalyst, the desired dialkylbenzene is pro-
duced in a.stirred, continuous reactor. _

The 1-alkene feed has the following characteristics.

268

Average mol weight
Average number of carbon
atoms. per molecule - - 19
Olefin distribution, weight o
percent:
Ci7 2
- CI8 22
C19 39
C20 32
C21 . ‘5 -
Reaction conditions: . ) ,
2 '
Temperature 38°C (100°F)
Monoalkylbenzene to alpha-
~ olefin, mol ratio 2—1
Hydrocarbon to HF ratio,
volume 231

After reaction the settled product is separated into an
organic phase and a lower HF acid phase. The crude
dialkylbenzene organic phase is washed and then frac-
tionated by distillation. A minor amount of forecut,
mainly monoalkylbenzene, is collected up to an over-
head temperature of about 232°C (450°F) at 10
mm.Hg. The ‘balance. of the distillate is the desired
product, and has an average molecular weight of about
405. The difference between the average carbon atom
content of the alkyl-chain types is about 13.

The dialkylbenzene is charged to a stirred reaction

vessel fitted for temperature cortrol along with 130
neutral oil which is substantially free of sulfonatable
material. The volume ratio of the two materials is 3% to
4, respectively, and .to this mixture is added, over a
period of several hours, 2 volumes of 25% oleum. The
reaction- teiperature is maintained at about 38°C
(100°F). Two phases developed in the settled mixture,
the lower being a spent mineral acid phase-and the
upper being the desired sulfonic acid phase.
" The separated sulfonic acid-oil mixture is then neu-
tralized with one volume of 50% aqueous caustic di-
luted with 15 volumes of aqueous 2-butanol. During
the neutralization the temperature is maintained below
about 43°C (110°F), and after completion thereof the
neutral. solution is heated and maintained at 60°C
(140°F) during a second phase separation. Two phases
developed, a lower brine-alcohol solution and an upper
neutral alcohol-sodium sulfonate solution.

EXAMPLE 2

The preparation of a neutral calcium sulfonate is

illustrated in this example. A 3-liter glass ‘flask is
charged with 80 grams of calcium chloride and-800
milliliters of water. Thereafter, 1,500 grams: of the
sodiiim sulfonate solution as prepared by the method of
Example ! is charged to the flask.. The: contents, are
heated to 30°C (85°F) under agitation and maintained
at-these conditions for.one hour. The contents: are
allowed: to phase separate and the water layer drawn
off. 800 milliliters of distilled water is admixed with the

The sulfonate is washed three additional times with

- water-and one time with an aqueous isobuty! alcohol

solution. The mixture is heated to 112°C to remove any

" residual water and isobutyl alcohol. 500 milliliters of

toluene is added to the sulfonate and the admixture

- filtered through Celite 512. The product is stripped at
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185°C under 3 mm.Hg pressure to yield 740 grams of
neutral .calcium suifonate. Analysis of the product re-
-veals )

6.09

Wt % sulfated ash .
1:92 calcium

Wt % megal

EXAMPLE 3

This example is presented to illustrate the prepara-
tion of a sodium carbonate overbased calcium sulfo-
nate which may be employed to prepare the borate
dispersions of this invention. A neutral sodium sulfo-
nate is prepared by sulfonating a 480 neutral oil (RPM
480) in a manner as described in Example 1 and neu-
tralizing the resulting organic sulfonic acid with sodium
hydroxide. The resulting sodium sulfonate is then sub-
jected to calcium metathesis as described in Example 2
to yield a neutral calcium sulfonate (calcium content of
about 1.67 weight percent). i

- A 2-liter flask is charged with 200 grams of the neu-
tral calcium sulfonate and 750 ml of an aliphatic hydro-
carbon. diluent having a.boiling range of 158°C to
202°C and containing 17 percent aromatics. The solu-
tion is heated to 110°C and a solution of 60 grams of
sodium hydroxide in 300 ml of methanol are added
over a 138-minute period at 110°C. - .~

Upon completion of the sodium hydroxide addition
the temperature is raised to 130°C.and carbon dioxide
is passed into the solution at a rate equal to its maxi-
mum carbon dioxide absorption. The carbonation con-
tinued for 60 minutes at 130°C and then the contents of
the flask are heated to 150°C. A total of 38 grams of
CO?2 are absorbed. The contents are cooled and fil-
tered. The filtered product is then stripped to 165°C at
5 mm of Hg pressure. A total of 229 grams of product
is recovered. The product had an alkalinity value of
253 mg KOH/gm. .
EXAMPLE 4

A two-liter flask is charged with 200 grams of a neu-
tral calcium sulfonate of the type described in Example
3 along with 750 milliliters of an aliphatic hydrocarbon
diluent having a boiling range from 158°C to 202°C and
containing 17 percent aromatics. A solution of 60
grams of sodium hydroxide in 300 milliliters of metha-
nol is added to the flask through a dropping funnel. The
temperature is maintained between 23°C and 40°C
during the addition which took 69 minutes. Simulta-
neously with, the NaOH addition, carbon dioxide is
passed through the flask contents at a rate equal to its
maximum carbon dioxide absorption. Carbonation
continued for fifteen minutes after the addition of the’

“sodium ‘hydroxide/methanol solution had stopped. A

total of 52 grams of carbon dioxide is absorbed. The
contents of the flask is stripped by heating to a temper-
ature of 125°C. the contents are then cooled and fil-
tered. The filtered product is then stripped to 165°C at
5 mm.of Hg pressure. A total of 249 grams of the prod-
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uct is recovered. The product has an alkahmty value of
259 mg KOH/g.

EXAMPLE 5

This is another example demonstrating the prepara-
tion of a sodium carbonate overbased calcium sulfo-
nate which may be used to prepare the borate disper-
sions of this invention. A neutral sodium sulfonate is
prepared by sulfonating a 480 neutral oil (RPM 480) in
a manner as described in Example 1 and neutralizing
the resulting organic sulfonic acid with sodium hydrox-
ide. The resulting sodium suifonate is then subjected to
calcium metathesis as described in Example 2 to yield
a neutral calcium sulfonate calcium content of about
1.67 weight percent.

A 2-liter flask is charged with 200 grams of the neu-
tral calcium sulfonate and 750 ml of an aliphatic hydro-
carbon diluent of the type described in Example 3.
Contents of the flask are heated to 110°C and a solu-
tion of 60 grams of sodium hydroxide in 300 ml of
methanol is introduced into the flask over an 82-minute
period at 110°C. One minute after the start of the so-
dium hydroxide addition, carbon dioxide is bubbled
into the flask contents at a rate equivalent to that of the
sodium hydroxide addition, until a total of 41 grams of
carbon dioxide are absorbed. At the end of the sodium
hydroxide addition, the temperature is increased to
140°C and 507 ml are taken off overhead.

The product is cooled, filtered and stripped to a tem-
perature of 175°C under 5 mm.Hg pressure. A total of
271 grams of product is recovered. The alkalinity value
is 302 mg.KOH/g, and the base ratio is 10.6:1.

EXAMPLE 6

This example is presented to illustrate the prepara-
tion of a sodium carbonate overbased sodium sulfo-
nate, 140 grams of a 57 weight percent sodium sulfo-
nate solution is butanol and prepared by the method of
Example 1 are charged to a 2-liter flask along with 325
grams of a 37.5 wt % sodium sulfonate solution in buta-
nol and prepared by neutralizing a sulfonated 480 neu-
tral hydrocarbon oil with sodium hydroxide. The con-
tents are heated to 165°C under 600 mm vacuum and
263 grams are taken off overhead.

Thereafter 750 milliliters of an aliphatic hydrocarbon
diluent described in Example 3 are charged to the flask.
The solution is heated to 110°C and 60 grams of so-
dium hydroxide dissolved in 300 milliliters of methanol
are slowly added to the flask over a 100-minute period
at 110°C. Simultaneously, carbon dioxide is bubbled
into the solution at a rate equivalent to that of the
sodium hydroxide addition. After completion of the
sodium hydroxide addition, the contents are heated to
150°C with the carbon dioxide flow continued for 10
additional minutes. A total of 515 milliliters are taken
off overhead. A total of 45 grams of carbon dioxide is
absorbed. The resulting sodium carbonate overbased
sodium sulfonate solution is filtered and the filtrate
stripped to a temperature of 175°C at 5 mm mercury
pressure. A total of 282 grams of product are recovered
with an alkalinity value of 299 mg KOH/gm.

EXAMPLE 7

A 2-liter flask is charged with 280 grams of a sodium
carbonate overbased calcium sulfonate prepared by the
method of Example 5 (alkalinity value of 308), 600 ml
of an aliphatic hydrocarbon solvent described in Exam-
ple 3 and 95 grams of boric acid. The contents of the
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flask are heated to 125°C and thereafter allowed to
cool to 20°C under a pressure of 160 mm of mercury.
A total of 90 ml are removed overhead and thereafter
an additional 95 grams of boric acid are charged to the
flask and heated to 125°C. The contents are allowed to
cool to 100°C under a pressure of 160 mm of mercury.
The product is filtered and stripped to 165°C at 5 mm
of mercury pressure and 368 grams of product are
recovered. Analysis of the product reveals Boron con-

tent — 7.6 weight percent. Carbon dioxide content —
0.23 weight percent; alkalinity value — 215
mg.KOH/g.

EXAMPLE 8

A 2-liter flask is charged with 140 grams of a sec-
butanol solution containing 57.4 weight percent of a
neutral sodium sulfonate prepared by the method of
Example 1 and 325 grams of a sec-butanol solution
containing 37.5 weight percent of a neutral sodium
sulfonate prepared by sulfonating a 480 neutral oil
(RPM 480) and neutralizing with sodium hydroxide.
The contents are stripped of 262 grams of alcohol.
Thereafter, 750 ml of a petroleum aliphatic thinner of

. the type disclosed in Example 3 are mixed with the
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contents of the flask. Flask contents are heated to
110°C and a solution of 60 grams of sodium hydroxide
in 300 ml of methanol are added to the flask over a
93-minute period at 110°C. Simultaneously, carbon
dioxide is bubbled into the flask contents at a rate
equivalent to that of the sodium hydroxide addition
until a total of 38 grams of CO2 have been absorbed.
The temperature is raised to 150°C and 515 ml are
taken off overhead. The reaction mixture is allowed to
cool to 60°C and, 93 grams of boric acid are added, and
the temperature raised to 120°C over a one-hour per-
iod. The contents are allowed to cool under a pressure
of 160 mm of mercury. Thereafter, an additional 93
grams of boric acid are charged to the flask contents
and the temperature raised to 135°C over a 70-minute
period. A vacuum of 600 mm of mercury is applied to
the flask to cool the product. Product is filtered and
stripped to 165°C at 5 mm of mercury pressure. 367
grams of product are recovered. Analysis of the prod-
uct reveals an alkalinity value of 233 mg.KOH/g; a
boron content of 7.7 weight percent and a carbon diox-
ide content of 0.12 weight percent.

EXAMPLE 9

The example is presented to demonstrate the prepa-
ration of an exemplary potassium borate dispersion. A
2-liter flask is charged with (1) 140 grams of a sec-
butanol solution containing 57.4 weight percent of a
neutral sodium sulfonate prepared by the method of
Example 1 and 325 grams of a sec-butanol solution
containing 37.5 weight percent of a neutral sodium
sulfonate prepared by sulfonating a 480 neutral oil
(RPM 480) and neutralizing with sodium hydroxide.
The contents are stripped of 262 grams of alcohol. 750
ml of a petroleum aliphatic thinner of the type em-

‘ployed in Example 3 are mixed with the contents of the

flask. Flask contents are then heated to 110°C and a
solution of 107 grams of potassium hydroxide in 300 ml
of methanol are added to the flask over a 94-minute
period at 110°C. Simultaneously carbon dioxide is bub-
bled into the flask contents at a rate equivalent to that
of the potassium hydroxide addition until a total of 43
grams of CO2 are absorbed. The temperature is raised
to 150°C and 525 ml are taken off overhead. The reac-
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tion mixture is allowed to cool to 60°C and 102 grams
of boric acid are charged to the flask, the temperature
raised to 135°C in approximately 45 minutes. The tem-
perature ‘is maintained at 135° for -an additional 30
minutes, then the contents are allowed to cool under a
pressure of 160 mm of mercury. 63 ml are taken off
overhead. An additional .102 grams of boric acid is
added to the flask and the temperature slowly raised to
145°C in one hour. The reaction mixture is cooled,
filtered and stripped to 165°C under a pressure of 5 mm
of mercury. 396 grams of product is recovered. Analy-
sis of the product reveals that it has an alkalinity value
of 223, a boron content of 7.1 weight percent and a
carbon dioxide content of 0.62 weight percent.

EXAMPLE 10

A 2-liter flask is charged with 280 grams of sodium
carbonate overbased calcium sulfonate having an alka-
linity value of 308 and prepared by the method of Ex-
ample 5 along with 600 ml of an aliphatic hydrocarbon
thinner- of the type described in Example 3 and 95
grams of boric acid. The contents of the flask are slowly
heated to 120°C over a one-hour period. The contents
are slowly cooled to 60°C by applying a vacuum of 600
mm of mercury to the flask contents. A total of 59 ml
are recovered overhead. Thereafter, 95 grams of boric
acid are charged to the flask and heated to 120°C over
a one-hour period. The contents are then cooled to 65°
under a pressure of 160 mm and 87 ml are taken off
overhead. Thereafter, a third batch of 95 grams of
boric acid are charged to the flask and the contents
heated to 140°C in 1% hours. A vacuum of 600 mm of
mercury is slowly applied to the flask and the contents
allowed to cool. 200 ml are taken off overhead. The
product was:filtered and stripped to 165°C at 5 mm of
mercury pressure. 417 grams of product was recov-
ered. ‘The product is analyzed and found to have an
alkalinity value of 187 mg KOH/g; a boron content of
11.7 weight percent and carbon dioxide content of 0.01
weight percent. ’

EXAMPLE 11

A 2-liter flask is charged with 380 grams. of sodium
carbonate overbased calcium sulfonate as described in
Example -5, along with 400 milliliters of an aliphatic
thinner of the type described in Example 3. The con-
tents of the flask are heated to 40°C and thereafter 122
grams of boric acid are added. The temperature of the
solution is slowly raised to 150°C in approximately 105
minutes. The product is then cooled, filtered and
stripped to recover 435 grams of product. The filtration
and stripping step is described in Example 8. Analysis
of the product reveals an alkalinity value of 262 mg
KOH/g, a boron content of 5.36 weight percent and a
carbon dioxide content of 4.27 percent. The high car-
bon dioxide content reveals that the product is a mix-
ture of sodium tetraborate and sodium carbonate.

293 grams of this product along with 500 milliliters of
an aliphatic thinner of the type described in Example 3
are charged to a two-liter fournecked flask. Thereafter
82 grams of additional boric acid are added to the flask.
The contents are slowly heated to a temperature of
135°C over an hour period. The contents are cooled
and then heated to 110°C and a solution of 51 grams of
sodium hydroxide in 260 milliliters of methanol are
added over a 70-minute period at 110°C. An additional
140 milliliters of aliphatic thinner of the type described
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in Example 3 are then added to the flask and the tem- |

perature of the contents raised to 150°C. The product
is then filtered and stripped in the manner described in
Example 8. A total of 364 grams of sodium metaborate
product is recovered. Analysis of the product reveals
an alkalinity value of 386 mg KOH/g and a boron con-
tent of 8.06 weight percent.

EXAMPLE 12

This example is presented to illustrate the prepara-
tion of a metaborate dispersion. A 2-liter flask is
charged with 132 grams:of a sodium sulfonate solution
prepared by neutralizing a sulfonated 480 neutral oil in
a manner described in Example 3. The sodium sulfo-
nate solution contains 38 weight percent sodium sulfo-
nate and 62 weight percent butanol. 133 grams of RPM
Hydrocarbon Neutral Oil having a viscosity of 126 SUS
at 100°F are added to the flask. The contents of the
flask are stripped to 165°C and 600 mm mercury vac-
uum and 81 grams are taken off overhead. Thereafter,
17 grams of a polyisobutenyl succinimide dispersant
(formed by the reactionof  polyisobuteny! -succinic
anhydride with tetraethylene pentamine with the succi-
nimide product containing 2.2 percent nitrogen) and
750 milliliters of an aliphatic diluent of the type de-
scribed in Example 3 are added to the flask. The con-
tents are heated to 110°C under vigorous agitation and
a solution of 50 grams of sodium hydroxide.in 250
milliliters of methanol are slowly added over an 80-
minute period at 110°C. Simultaneously with the addi-
tion of the sodium hydroxide solution, carbon dioxide
is bubbled into the flask contents at a rate equivalent to
that of the sodium hydroxide addition. After 28 grams
of carbon dioxide are absorbed, the flask contents are
heated to 150°C and 455 milliliters are taken of over-
head. - ) o

The contents are cooled to 60°C and two aliquots of
78 grams of boric acid are added (a total of 156 grams
are added). The temperature is raised to 125°C then
cooled to 60°C after the first aliquot and the tempera-
ture raised to 135°C after the addition of the second
aliquot. A slight vacuum is applied and a total of 161
milliliters are taken off overhead. The resulting product
is a tetraborate. ' s

To convert the tetraborate to a metaborate, the flask
contents are diluted with 250 milliliters'of the aliphatic
diluent described above and heated to 110°C. Thereaf-
ter, a solution of 50 grams of sodium hydroxide in 250
milliliters of methanol are slowly added over an eighty-
minute period at 110°C. :

The temperature-is raised to 150°C and thereafter the
reaction mixture is cooled to 75°C. The product is
filtered and then stripped to 160°C at 5 mm ‘Hg. pres-
sure. ‘ :

382 grams of product are recovered which upon
analysis revealed

Nitrogen Content (wt %) 0.089
’ (wt %) - 0.04
Boron " (wt %) 7.68
Alkalinity value 355 mg KOH/gm
EXAMPLE 13

The procedure of Example 12 is repeated except that
the 132 grams of sodium sulfonate solution is replaced
by 50 grams of a calcium sulfonate prepared by the
method of Example 3 The calcium sulfonate is over-
based by the procedure of Example 3 and reacted with
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boric acid to form the tetraborate and thereafter con-
verted to the metaborate. A total of 365 grams of
product is recovered and analysis reveals the following:

Nitrogen Content (wt %) 0.081

CO2 " (wt %) 0.17

Calcium "' (wt %) 0.05

Boron ” (wt %y 7.15

Alkalinity value 339 mg KOH/gm
EXAMPLE 14

This example is presented to illustrate the effective-
ness of the instant compositions in lubricating a system
under high load conditions. In this eéxample several
representative lubricating oils containing the additives
of this invention are tested in two extreme pressure
tests. In one test, the extreme pressure characteristics
are determined by using the well-known “Four-Ball
Test” machine. This test is described in ASTM
2266-67 under the following test conditions:-

Temperature 130°F
Speed 1200 rpm
Load 20 kg
Duration of Test 1 Hour

In each test, three one-half-inch diameter steel balls
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~posed of the aforesaid base oil containing a sodium

carbonate overbased sulfonate as prepared by Example
6. Test Lubricant C is the aforesaid base oil containing
10 wt. % of a sodium metaborate prepared by the
method of U.S. Pat. No. 3,313,727 (Example 1 of pa-
tent) and containing a neutral calcium petroleum sulfo-
nate. Test Lubricant D is the aforesaid base oil contain-
ing sodium borate prepared by the method of Example
7. Test Lubricant E is the aforesaid base oil containing
a sodium borate produced by the method of Example 8.
Test Lubricant F is the aforesaid base oil containing a
potassium borate produced by the method of Example
9. Test Lubricant G is composed of the aforesaid base
oil containing a sodium borate produced by the method
of Example 10. Test Lubricant H is the aforesaid base
oil containing a sodium borate prepared by the method
of Example 12. Test Lubricant I is the aforesaid base oil
containing a sodium borate prepared by the method of
Example 13. The table following depicts the test results
of the above test lubricants in the Four Ball and Tim-
ken Tests. Also shown in the table is the compatibility
of the metal borate with various additives. In order to
pass this test the borate containing oil must not gel in

. the presence of an equal volume of Chevron Multiser-

25

vice Gear Lube 90 after 65 hours at 180°F, and must be
clear in the presence of 2 wt. % of a conventional sulfu-
rized calcium phenate after 65 hours at 180°F.

TABLE I

Test Borate

Extreme Pressure Properties

Test Additive 4-Ball Test Timken!" . Compatibility
No. Sample Type Conc. (Wt.%)  Wear Weld (Pass Lbs.)  Lbs. Pass/Fail
1. A None — 0.68 130 5 -
2. B Na,CO, 135 045 — 20 —
3. C NaBO, 10 0.25 225 100 Fail
4. D  Na;BO, 8.2 0.51 195 65 Pass
5. E Na,B,0, 10 Q.45 195 100 Pass
6. F  K;BO, 8.3 0.40 185 100 —
7. G Na,03(B,0;) 10 0.52 190 55 Pass
8. H = NaBQ, 10 0.26 255 100 —
9. I NaBO, 10 0.29 250 100 Pass
are clamped together and immersed in the test lubri-
cant. A fourth ball is then rotated at the selected rpm in We claim:

contact with the other three balls. The 20-kg load is
applied to the rotating ball, forcing the same against the
three stationary balls. Test is run for one hour and at
the end of this run, the three stationery balls are ob-
served for wear scars. The average scar size in millime-
ters is reported. The size of the scar is indicative of the
extreme pressure character of the lubricant with a
smaller scar representing a superior extreme pressure
lubricant.

In a second Four-Ball Test, increasing load is applied
to the fourth ball until the four balls seize or weld to-
gether. The load at the weld point is noted and the load
immediately preceding the weld is noted. The higher
the load applied to the ball without welding, the better
the extreme pressure properties of the lubricant.

Another test which determines the extreme pressure
capabilities of the lubricant is the so-called Timken
Test. The procedure and mechanics of this test are set
forth in ASTM 2782-69T. The Timken Test reveals the
antiwear characteristics of the lubricant with a higher
load and higher contact pressure indicating the better
antiwear properties.

The test lubricants employed in this example include
the following:

Test Lubricant A is a base oil comprising SAE 90
Gear Oil without additives. Test Lubricant B is com-
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1. A process for preparing a particulate alkali metal
borate dispersion which comprises contacting an alkali
metal carbonate overbased alkali or alkaline earth
metal sulfonate with boric acid within a stable . inert
oleophilic liquid reaction medium, wherein said con-
tacting is conducted at a temperature of 20° to 200°C -
for a period of 0.5 to 7 hours and wherein the molar
ratio of boric acid to alkali metal carbonate is from 1 to
3.

2, The process defined in claim 1 wherein said con-
tacting is conducted at a temperature of 40° to 125°C
for a period of 1 to 3 hours.

3. The process defined in claim 2 wherein from one
to two molar parts of boric acid are contacted for each
molar equivalent part of alkali metal carbonate over-
based alkali or alkaline earth metal sulfonate.

4. The process defined in claim 3 wherein said alkali
metal carbonate is sodium or potassium carbonate and
said alkali or alkaline earth metal sulfonate is sodium,
calcium or barium sulfonate.

5. The process defined in claim 4 wherein sald partic-
ulate alkali metal borate has from 0 to 8 waters of
hydration.

6. The process defined in claim 5 wherein said alkali
metal borate is a sodium metaborate, wherein said
alkali metal carbonate is sodium carbonate, and said
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alkali or atkaline earth metal sulfonate is calcium sulfo-

nate. .~ - : R
7. A process for preparing a particulate alkali metal
metaborate dispersion.which comprises contacting at a
temperature of 20° to 200°C for a period of 0.5 to 7
hours two molar parts: of boric acid: with’each molar
equivalent part ofan alkali-metal carbonate overbased
alkali or alkaline €arth sulfonate. within a:stable inert
oleophilic liquid reaction medium to form an interme-
diate alkali‘metal tetraborate dispersion-and thereafter
contacting said alkali metal tetraborate with two molar
parts of ari ‘alkalimétal hydroxide per molar part of said
alkali metal tetraborate to prepare an alkali metal me-
taborate -dispersion: N e T A
8. The process defiried in claim 7 wherein said alkali
métal carboriate is'sodium or potassium carbonate and
said alkali or alkaline earth metal sulfonate is sodium,
calcium or bariumsulfonate. oo
‘9. The process defined in'claim 8 whereina lipophilic
nonionic surface active agent is also present during the
contacting of said alkali metal tetraborate and said
" alkali metal hydroxide. =~ o
10. The process defined in claim 9 wherein said lipo-
philic rionionic surface active agent is an N-substituted
alkyl succinimide derived from reacting alkenyl suc-

cinic acid 'or anhydride with an alkylene polyamine.
11. A particulate dispersion of an alkali metal borate
having a particle size below about 0.1 micron wherein
‘'said ‘particulate alkali metal borate is'prepared by con-
tacting at a temperature of 20°to 200°C and for a
_period of 0.5 to 7 Hours boric acid with an alkali metal

carbonate overbased metal sulfonate within a stable

inert oleophilic liquid reaction medium wherein the
molar.ratio of said boric acid to said alkali metal car-
bonate is from 1 to'3. ‘ e
12. The composition defined in claim 11 wherein said
_alkali metal carbonate is sodium or potassium carbon-
ate and wherein said alkali or alkaline earth metal sul-
fonate is sodium, calcium or barium sulfonate. '
13. The composition defined in claim 12 wherein said
particulate alkali metal borate has from 0 to 8 waters of
.hydration. - . - - S el
14. A particulate dispersion of an alkali metal borate

prepared by contacting:-at a temperature. of 20° to .

200°C:and for a period of.0.5 to 7 hours two :molar
parts of boric acid with each molar equivalent part of

10

15

25

alkali metal tetraborate to form an.dlkali metal metab-
orate dispersion, T egmessiey

15. The compesition defined in.claim 14 wherein said
alkali metal carbonate is sodium or potassium carbon-
ate and wherein said alkali or alkaline earth metal sul-
fonate is sodium, calcium or barium sulfonate.

16. The composition defined in claim 14 wherein said
alkali metal carbonate is sodium carbonate and
wherein said overbased alkali metal or alkaline earth
metal sulfonate is calcium sulfonate.

17. Composition defined in claim 15 wherein an
N-substituted alkenyl succinimide derived from the
reaction of alkenyl succinic acid or anhydride with an
alkylene polyamine is present in said stable inert oleo-
philic liquid reaction medium. """ A
_'18. A lubricating composition commprising a major
portion of a_hydrocarbon oil of lubricating viscosity
and from 0.1 to 20 weight percent of particulate alkali
metal borate dispersed in said oil, said alkali metal
borate being prepared by reacting at a temperature of
20° to 200°C and for a period of 0.5 to 7 hours an alkali
metal carbonate overbased alkali or alkaline earth-
metal sulfonate with boric acid, wherein the molar ratio
of said boric ‘acid to said alkaline metal carbonate is
from 1 to 3. _

19. A lubricating composition defined in claim 18

. wherein said alkali metal carbonate is sodium or potas-
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an alkali metal carbonate overbased alkali or alkaline ... :
earth metal sulfonate within:a stable inert oleophilic .

liquid reaction medium to form an alkali metal tetrabo-
rate dispersion which is then reacted with two molar
parts-of an‘alkali metal hydroxide per molar part of said
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sium carbonate and said alkali or alkaline earth metal
sulfonate is sodium, calcium or barium sulfonate.

20. The composition defined in claim 18 wherein said
particulate alkali metal borate has a particle size of less

‘than 0.1 microns. ... .

21. A grease composition comprising a"major portion

_of a lubricating:oil, from 5 to 25 weight percent of an

organic or metal organic thickener selected from the
group consisting of polyurea, alkali metal terephthala-
mate, lithium hydroxy stearate, calcium complex soap
and aluminum complex soap, and from 0.1 to 20 weight
percent of an alkali metal borate piepared by reacting
at a temperature of 20° to 200°C and for a period of 0.5
to 7 hours an alkali metal carbonate overbased alkali or
alkaline earth metal sulfonate with boric acid, wherein

.the molar ratio of said boric acid to'said alkali metal

carbonate is from:1 to 3. .5 - . - ,
22.: The grease. composition defined in claim 21
wherein said. alkali. metal carbonate is:sodium carbon-
ate and said, alkali or alkaline earth metal sulfonate is

sodium, calcium or barium sulfonate. .. ... .
23. The' grease composition .défined in claim 22
wherein said organic or metal organic thickener is a
polyurea thickener. ‘ '
* * %,




