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BACKGROUND OF THE INVENTION

l. nve

This invention coencerns o©oil soluble complexas
of' phosphorus-frge strong ®mineral acids useful as

additives in 1lubrication oils, particularly autematic
transmission fluids ("ATF").

2. Description of Related Art

It is well known that phosphorus- and sulfur-—
containing compounds are useful as antiwvear additives in
lubricating oils. Traditionally these materials are made
soluble in oleaginous media by forming reaction products
of phosphorus acids and oxides with long chain (C;p to
Czp) alcohols or amines. Examples of this are shown in
U.S. 5,185,090 where short chain (C; to C4) phosphitas
are transesterified with longer chain alcohols
{thiocalcohols) and mixtures of alcschols (thicalcohols) to
give oil scluble products. Co-pending U.S. application
Serial Number 168,840, filed 12/17/93, discloses that
P05 reacted with alcochols {(thiocalcohols) yield oil
soluble products. It is ‘also known that sulfur may be

solubilized through reaction with fatty aesters or
olefins. ' '

I have now found alternate phosphorus-free
antiwear additives which are stahle and quite potent. In
particular, mineral acids of sulfur such as sulfurous and
sulfuric acids can be solubilized by dissolving them at
low temperatures in alcohols, particularly in alcohols
that contain ether or thicether linkages. Once the
alcohol and the acidic material are complexed, the aciad
remains completely soluble. These non—agueocus solutions
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of strong mineral - acids allow their addition to
lubricating cil additive concentrates or lubricating oils
without violent exothermic reactions. The strong
antiwear propefties of these additives are demonstrated
'‘by FZG load stage failures in the range of 11 to 13.

SUMMARY OF THE INVENTION

‘One embodiment of this invention relates to an
oil-soluble additive, wherein the additive comprises the
complex of a substantially oil-inéolublé phosphorus-£free
-strong mineral acid and an alcohol, the alcohol being a
single alcohol or mixtures of alcohols represented by (I)
or (II), where (I) and (II) are:

[BO-(-cH-1 g} R {xr(-(-cn-t;'ln-o-)s?‘ﬁ) tl, (@
)q. l= |
' R2 R1
R1
|
R-Xr § (-CH2-)q —f|3+y-ﬂ (II)
N ' OH
' where:

m + n is an integer from 1 to 4:

m is O or an integer from 1 to 4:

n is O or an integer from 1 to 4;

q is O or an integer from 1 to 6;

R is a C3-Csp hydrocarbyl group in structure (I),
and :Ls a .Cl"-cgo hyd'rocarbyl group or hydrogen
in structure (II); | |

X is sulfur, éxyéen} nitrcgen,'or'-CHzé:'

r is 0, or an integér from 1 to 5 providing

' when X is oxygen or nitrogen, r is 1,
‘when X is sulfur, r is 1 to 3, '
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when X is -CH3-, r is 1 to 5;
s is Q, or an integer from 1 to 12:
t is O, or an integer from 1 to 2 providing
when X is sulfur, oxygen, or -CHz-, t is 1,
when X is nitrogen, t is 1 or 2;
y is 0, or an integer from 1 to 10; and
Ry and R, are independently a C;-Cg alkyl or
hydroeogen.

In another embodiment, this invention concerns
a lubricafing oil composition comprising a lubrication
0il basestock and an antiwear effective amount of this
invention's additive.

A further embodiment of this invention relates
to a method of inhibiting wear in 1lubricating oil
systems, including power transmission fluid systems, and
particularly automatic transmission fluid systems.

Yet another embodiment of ¢this invention
relates to the method of forming the complex.

DETAILED DESCRIPTION OF THE INVENTION
Phosvhorus-Free Strong Mineral Acids

Suitable phosphorus-free strong mineral acids
include those which are oil-insocluble or substantially
oil~-insoluble. The term substantially oil-insoluble is
meant to include those acids whose limited solubility
would be improved by following the teachings of this
disclosure.

Generally, these strong mineral acids are
classified as acids containing a hydrogen dissociating
moiety having a pKa from about -12 to about 4, preferably



WO 96/17911

10

- 15

20

25

.30

38

PCT/US95/15767
- 4 -

from about -8 to about 3,_most'preferably from about -~4
to about 3. _The?term_pxa is defined as the negative base
10 logarithm of the equilibrium dissooiation conetant of
the acid in an aqueous solutlon measured at 25 °cC. The
pKa values reported hereln are based on the values

reported in "Lange's Handbook of Chem.stry"  Thirteenth
Edition, 198S. '

-Suitable phosphorus-free mineral acids are
chloresulfonic acid (H0502C1. pKa' = 10.4), hydrogen
bromide (HBr; pKa = 9.0), hydrogen chlorzde (HCl. pKa =

6.1), hydrogen flouride (HF. pKe = 3_2), hydrogen icdide
(HI; pKa = -9.5), iodic acid (HIO3; pKa = 0.80), nitric

~ acid  (HNO3-3H,0: pKa. = -1.4), perchloric acid

(HC104 -3H,0; pka = 4.8 and HClO4 -7H,0: pKa = =2.1),

sulfuric acid (H3S04; pKa = 3. 0),'sulfurous acid (H2S0;3;

pKa =.1.9), and. trzthlooarbonzc ‘acid (20 ) (H3CS3; pKa =
2.7). Sulfuric and sulfurous acids are preferred, with
sulfuric acid the most preferred.

The aloohols represented by structures I and II
form a broad descrxptzon 'of “alcohols useful in. th;s
invention. It should be noted that the hydrocarbyl
groups represented by R mey be straight-chained,

.branched, or oycllc.: Representatzve hydrocarbyl groups

within  this. deflnltxon include alkyl, alkenyl,
cycloalkyl, aralkyl, alkaryl, eryi, and their hetero-

.containing analogs.

Among the suitable alcohols within structure
(I) are alkoxylated alcohols (s 2 1) and alkoxylated

‘polyhydric alecohols (s 2 1 and m + n + t 2 2), and

mixtures thereof.
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Examples of particulariy useful alkoxylated
alcohols are nonyl _ phenol pentaethoxylate,

pentapropoxylated butancl, hydroxyethyloctyl sulfide, and
diethoxylated dodecyl mercaptan.

Examples of particularly useful alkoxylated
polyhydric alcohols are oleyl amine tetraethoxylate, 5-
hydroxy-3~thic butanocl triethoxylate, thiobisethanol,
diethoxylated tallow amine, dithiodiglycoel,
tetrapropoxylated cocoamine, diethylene glycol, and 1,7 -
dihydroxy - 3,5 - dithiocheptane.

Among the suitable alcohols within structure
(II) are the polyhydric alcochols (y 2 2). Examples of
particularly useful polyhydric alcohols are
pentaerythritol, 1l-phenyl- 2,3 propane d4iol, polyvinyl
alcohol, 1,2 -~ dihydroxy hexadecane and 1,3 ~ dihydroxy
octadecane.

A particularly useful combination of alcohols
within structure I are those represented by (III), (IV),
and mixtures therecf, where (III) and (IV) are:

A-OR (III)
and

OH-B-CH (IV)
where:

51
A is CH—(OCH,CH,)g— Or Y1~CH—(OCH,CH-)g—!

X1 J|(1 ICI;!3
X1 is H or RSCHy-
Y, is RpSCHy-, RySCHCH,-, ‘RySCHCH3z~ |,

'Cﬁa t!-‘**2

CHj,
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RpSCH-, RpSCHpCH-, or RySCHpCH— ;
' ICH;; o LH:;_ CHp
éﬂsr
s is 0 or an integer from 1-12; |
B is.—CH2CH2$CHzCﬁé— ' -CHzC§z$$¢82CHz—
or §3THCH25R4- ; |

and Ry and R3 are the same or dlfferent and are H or a
hydrocarbyl group containing up to 50 carben atoms. Ry

- is a hydrocarbyl group. containing up to 50 carbon atoms.

 The Ry, Ry, and Ry groups of the alcohols (III)
and (IV) .are  hydrocarbyl groups which ‘may be straight-

chained, branched, or cyclic. Representative hydrocarbyl

groups include alkyl, alkenyl, dyé:lo_a.].kyi, aralkyl,
alkaryl, and their hetero-containing analogs.

'I.‘he hetero-conta:.m.ng hydrocarbyl groups may
contain one or more hetero atoms. A var:l.ety of hetero

atoms can be used and are readily apparent to those

skilled in the art. . s_m.table hetero atoms include, but
are not 1limited to,' nitrogen, 'oxygen, phosphorus, and
sulfur. Preferred hetero atoms are oxygen and sulfur,
with sulfur atoms the most preferred.

When the hydrocarbyl group is alkyl, straight-
chained alkyl groups are preferred -- typically those

that are about Cz to Cig, preferably about C; to Cia,

most preferably about Cg to Cjp alkyl.. When the
hydrocarbyl group is alkenyl, straight-chained  alkenyl
groups are preferred - typzcally those that are about C3
to Clg, preferably. about Cq4 to 312: most preferably about
Cg to Cyo alkenyl. When the hydrocarbyl group is
cycloalkyl, the group typically has about 5 to 18 carbon
atoms, preferably about S5 to 16[ most preferably about 5
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to 12. When <the hydrocarbyl group is aralkyl and
alkaryl, the aryl portion typically contains about Cg to
Cy2, preferably 6 carbon atoms, and the alkyl portion

typically contains about 0 to 18 carbon atoms, preferably
1 to 1l0.

Straight-chained hydrocarbyl groups are
preferred over branched or cyclic groups. However, if
the hydrocarbyl group constitutes the less preferred
cycloalkyl group, it may be substituted with a C; to Cig
straight-chained alkyl group, preferably C; to Cg.

Representative examples of suitable hydrocarbyl
groups for alcohols (III) and (IV) include methyl, ethyl,
propyl, butyl, pentyl, hexyl, heptyl, octyl, 2~
ethylhexyl, isococtyl, tertiary-octyl, nonyl, isocnonyl,
tertiary-nonyl, secondary-nonyl, decyl, isodecyl,
undecyl, dodecyl, tridecyl, palmityl, stearyl,
isostearyl, octenyl, nonenyl, decenyl, dodecenyl, oleyl,
linoleyl and linolenyl, cyclooctyl, benzyl, octylphenyl,
dodecylphenyl, and phenyloctyl.

The preferred hydrocarbyl groups for alcohol
(ITI) are hexyl, octyl, decyl, and dodecyl. The
preferred hydrocarbyl groups for alcochol (IV) are, for
R3: methyl, ethyl, and propyl: and, for R4: methylene,
ethylene, propylene, and iscopropylene.

Alcohols (III) and (IV) may be prepared by
conventional methods widely Xnown in the art. For
example, a thioalcohol is produsced by oxyalkylation of a
mercaptan containing the desired hydrocarbyl group.
Suitable oxyalkylating agents include alkylene oxides
such as ethylene oxide, propylene oxide, butylene oxide,
and mixtures thereof. The most preferred alkylene oxide
is ethylene oxide. Thus, the preferred thiocalcohol may
be prepared by the following reacdtion eguation:
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RSH + Ethylene Oxide ——> RSCH;CH50H - (v)

where R is defined above.

5
To produce the desired alcohol, a more preferred
reaction route 15'” '
RCH=CHy + nsnzon —_ Rcazcazsnzon : (VI)
10 '

wherein R and Ry are descrzhed above._-Reaotioﬂ equation
(VI) is preferred because it yields a higher'peroentage
of the desired alcohol whereas reaotzon equation (V) may
produce a single alcohol of the formula RS (CH;CH,0~) n-H,
15 where n>l, or a mixture of alcohols where n>1 and varies.

. The_.relative' proportions'_of the mineral acid

20 and alcohol in - forming the complex may widely vary

providing the complex is oil. soluble. Thus, the.

following examples are not 1ntended to limit the relative
amounts of mineral acid to alcohol.

25 ' . An example of this invention is illustrated
below: ' ' '

(a) A=OH + (b) OH-B-OH + H2S04

> Complex (VII)

30 where A and-B ere defined above, and 1 5'a+2b < 6.

A preferred complex of this 1nvention is formed
by a monoalcohol and may be represented by the following
equatlon.

- 35

(a) RSCHpCHaOH + HySO, ——>  Complex . (VIII)

where R is defined above.
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Typically, the complexing of mineral acid and
alcohol is carried out under atmospheric pressure and at
temperatures ranging from about -10 to 65, preferably 20
to 55, most preferably 25 to 40 “*C. At these
temperatures, a complex 1is formed without producing
water. At temperatures over 65°C water may be produced
and this evidences that an etherification reaction has
occurred. Products prepared between =10 and 65°C
temperatures make it less likely that a reaction will
occur. Complexing times range from about 0.5 to about 4

hours. Sufficient complexing can typically be achieved
in about two hours.

One method of forming the complex is first to
dissolve the appropriate amount of the mineral acid in
water. The acid may be purchased as an aqueous
concentrate, i.e., 70% in water, thereby eliminating the
dissolution step. The alcochols (or thiocalcohols) are
then added to the aqueous solution of acid and the
temperature raised to the desired 1level with stirring
until a homogeneous mixture is produced.

After the mineral acids and alcochols have
sufficient time to complex, it may be desirable to remove
water, i.e., water that may have been used to dissolve
the acid. The water may bé removed at atmospheric
pressure or the complex may be plaged under vacuunm to
remove water. Stripping times and temperatures vary
according to the desired degree of stripping. The vacuum
can range from about =-65 to about =90 kPa, stripping
times from about 1 to about 2 hours, and temperatures
from 50 to 65 °C. Typically, sufficient water removal may-
be achieved at a vacuum of about =-60 kPa which is
maintained for about 1 hour at 55 °C.

A second method of forming a stable complex is
te dissolve the anhydrous acid in the alcchol mixture.
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It is sometimes deSirable to then add a small amount of
water to. the blend. Typically," 1-5 weight percent of
water will give a stable homogeneous ‘material.

. may be added to a lubricating oil basestock in an amount

sufficient - to. impart antiwear properties. " The typical
range is o 05 to 2. 0 weight peroent of 100% active
ingredient, preferably 0.2 to 1.0 weight percent, most
preferably 0.4 to 0 7 weight percent.

It may be des_irable:""to include a source of
boren with the complex of this invention in the

‘lubrication oil basestock. 'rhe presence of boron tends

to lessen the deterioration of Silicone-hased seals. The
boron source may be present in the form of borated

dispersants, borate_d_ amines, horated alcohols, borated
esters, or alkyl borates.

Accordingly, by adding an effective amount of
this invention's complex to a’ lubricating oil and then

. placing the resulting lubrication oil within .a

lubrication system, the oil will inhibit wear in metal-
to-metal contact as. well as in metal-to-nonmetal contact
(i.e., nonmetal composites. paper/phenolic resins,
graphite/paper/phenolic resins, KEVLAR®/paper resins,
etec.).. ' '

The. .lu“brication oil basestock may contain one

© Or more additives to form a fully formulated lubricating

oil.  Such lubricating oil additives include corrosion

inhibitors, detergents ’ pour point depressants,
antioxidants, extreme pressure additives, viscosity
improvers, friction modifiers, - and the 1like. These

additives are typically disclosed in, for example,
"Lubricant Additives" by c. V. Smalheer and R. Kennedy

smith, 1967, pp. 1-11 and in U.S. Patent 4,105,571, the



WO 96/17911

10

15

20

25

30

35

40

PCTUS9S/15767
- 11 -

disclosures of which are incorporated herein by
reference. A fully formulated lﬁbricating oil normally
contains from about 1 to about 20 weight % of these
additives. Borated or unborated dispersants may also be
included as additives in the cil, if desired. However,
the precise additives used (and their relative amounts)
will depend upon the particular application of the oil.
Contemplated applications for formulations of this
invention include passenger car motor oils, gear oils,
industrial oils, lubricating oils, and power transmission
fluids, especially automatic transmission fluids and
tractor hydraulic fluids. The following 1list shows

representative amounts of additives in lubrication oil
formulations:

({Broad) (Preferred)
—— Additive P wt. %
VI Improvers 1 -12 i-4
Corroesion Inhibitor/

Passivators 0.01 - 3 0.01 ~ 1.5
Anti-oxidants 0.01 - 5 0.01 - 1.5
Dispersants 0.10 - 10 0.1 -8
Anti~Foaming Agents 0.001- S 0.001- 1.5
Detergents 0.01 - 6 0.01 - 3
Anti-Wear Agents 0.001~ 5 0.001- 1.5
Pour Point Depressants 0.01 - 2 0.01 - 1.5
Seal Swellants 0.1 - 8 0.1 =~ 6
Friction Modifiers 0.01 - 3 0.01 - 1.5
Lubricating Base 0il Balance Balance

Particularly suitablé"detergent additives for
use with this invention include ash-producing basic salts
of Group I (alkali) or Group I (alkaline) earth nmetals
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and transition metals with sulfonic acids, carboxylic
acids, or organic phosphorus acids. -

'Paftigulafiy'suitable tyéésfof antioxidant for
use in cqnjuhctipp with the complex of this invention are
the amine-contaih;hg and hydroXY'iaromaticbcontaining
antioxidants. lﬁteférred types of these antioxidants are
alkylated dipheﬁyl_amines and substituted 2,6 di-t-butyl
phehols. | -

The complex of this invention may also be
blended to form a concentrate. A concentrate will
generally contain a major portion of “the complex together
with other desired additives and a ‘minor amount of
lubrication oil or other solvent. The complex and
desired additives (i.e., active ingredients) are provided
in the concqntrate in specific amounts to give a desired
concentration in a finished formulation when combined

-with a predetermined amount of lubrication oil. The
collective amounts of active = ingredient -in the

concentrate typically are from .about. 0.2 to 50,
preferably  from about 0.5 to 20, most preferably from 2

to 20 weight % of the concentrate, with the remainder
being a lubrication oil basestéck’or a solvent.

The complex of this invention may interact with

~ the amines contained in the formulation (i.e.,

dispersant,'fri;fian modifier, and antioxidant) to form
quaternary ammonium salts. The formation of amine and
quaternary ammonium salts, howeve:, will not greatly

‘affect the antiwear characteristics of this invention.

Suitable lubrication oil basestocks can be
derived from natural lubricating oils, synthetic

_luh:igating_oils; or miktﬁrés thereof. ' In general, the

lubricating oil basestock will have a viscosity in the
range of about 5 to about 10,000 mm2/s (cSt) at 40°C,
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although typical applications will require an oil having

a viscosity ranging from about 10 to about 1,000 mm2/s
(cSt) at 40°C.

Natural 1lubricating oils include animal oils,
vegetable ¢ils (e.g., castor cil and lard oil), petroleum
oils, mineral oils, and oils derived from coal or shale.

Synthetic oils includé hydrocarbon oils and
halo-substituted hydrocarbon oils such as polymerized and
interpolymerized olefins (e.qg., polybutylenes,
polypropylenes, propylene-isobutylene copolymers,
chlorinated polybutylenes, pély(l-hexenes), poly(1-
octenes), poly(l-decenes), etc., and mixtures thereof):;
alkylbenzenes (e.g., dodecylbenzenes, tetradecylbenzenes,
dinonylbenzenes, di(2-ethylhexyl)benzene, etc.); poly-
phenyls {e.g., biphenyls, ; terphenyls, alkylated
polyphenyls, etc.); alkylated diphenyl ethers, alkylated
diphenyl sulfides, as well as their derivatives, analogs,
and homolecgs thereof; and the like.

Synthetic lubricatiﬁg oils alse include
alkylene oxide polymers, interpolymers, copolymers, and
their derivatives where the terminal hydroxyl groups have
been modified by esterification, etherification, etc.
This class of synthetic «ails is exemplified by
polyoxyalkylene polymers prepared by polymerization of
ethylene oxide or propylene oxide: the alkyl and aryl
ethers of these polyoxyalkylene polymers (e.g., methyl-
polyisopropylene glycol ether having an average molecular
weight of 1000, diphenyl ether of polyethylene glycol
having a molecular weight of 500~1000, diethyl ether of
polypropylene glyccl having a molecular weight of 1000~
1500); and mono- and poly-éarboxylic esters thereof
(e.g., the acetic acid esters, mixed C3-Cg fatty acid
esters, and Cj;3 oxo acid diester of tetraethylene
glycel). I
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Another suitable class of synthetic lubricating
oils comprises the esters of dicarboxylic acids (e.q.,
phthalic acid, succznlc acid, alkyl.succinic acids and
alkenyl succinic acids, maleic = acid, azelaic

acid,
suberic acid, sebasic ‘acid, fumaric acig,

adipic acid,
linoleic acid dimer, malonic acid, alkylmalonic acids,

alkenyl malonic acids, etc.) with a variety of alcohols
. (e.g., butyl'alcohol; hexyl alcchol, dodecyl alcohol, 2-

ethylhexyl alcohol, ethylene glycol, di-ethylene glycol
monoether, propylene glycol, atc.). Specific examples of

these esters lnclude dibutyl adipate, di(z—ethylhexyl).

sebacate, d;-n-hexyl fumarate, dlootyl sebacate,
diieooctyl __e;elate,  diisodecyl azelate,  dioctyl
phthalate, dideoYl"phthalate, dieicosyl sebacate, the 2-
ethylhexyl diester 'of 1linoleic acid dimer, and the

complex ester formed by reactlng one mole of sebacic aczd.

with two moles of tetraethylene glycol and two moles of
2-ethylhexanoic aczd and the like.

Esters useful as synthetic oils also include
those made . from fcg to C32 monocarboxylic acids and
polyols and polyol' ethers such as neopentyl glycol,
trimetnYlolprooene, pentaerythritol, dipentaerythritol,

tripentaerythritol, and the like. Syhthetic hydrocarbon

oils are also obtalned from hydrogenated. oligomers of
normal olefzns. ' '

siliooﬁe?based oils (such as the polyalkyl-,
polyaryl-, polyalkoxy— or polyaryloxy-siloxane 0ils and
silicate oils) comprlse another useful class of synthetic

lubricating olls.  These oils ‘include tetraethyl

silicate, tetraisopropyl silicate, tetra-(2~ethylhexyl)
silicate, tetra-(4~methyl-2-ethylhexyl) silicate,
tetra(p-tert-but?lphenyl) ~ ‘silicate, hex=-(4-methyl=-2-
pentoxy)edisiloxane, " poly(methyl)-siloxanes and

poly(methylphenyl) siloxanes, and the 1like. Other
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synthetic 1lubricating oils include liguid esters of
phosphorus~containing acids (e.g., tricresyl phosphate,
tricctyl phosphate, and diethyl ester ¢f decylphosphonic

acid), polymeric tetrahydroforans, polyalphaolefins, and
the like.

The lubricating o0il may be derived from
unrefined, refined, rerefined oils, or nmixtures thereof.
Unrefined o0ils are obtained directly from a natural
source or synthetic source (e.g., coal, shale, or tar
sands bitumen) without further purification or treatment.
Examples of unrefined oils include a shale oil obtained
directly from a retorting operation, a petroleum oil
obtained directly from distillation, or an ester obtained .
directly from an esterification process, each of which is
then used without further treatment. Refined oils are
similar to the unrefined oils except that refined oils
have been treated in one or more purification steps to
improve one or more properties. Suitable purification
technigues include distillation, hydrotreating, dewaxing,
solvent extraction, acid or base extraction, filtration,
and percolation, all of which are known to those skilled
in the art. Rerefined oils are obtained by treating
refined cils in processes similar to those used to obtain
the refined cils. These rerefined oils are also known as
reclaimed or reprocessed oils and often are additionally

processed by techniques for removal of spent additives
and oil breakdown products.

This invention may be further understood by
reference to the following “"examples which are not
intended to restrict the scope of the appended claims.
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XEPARATIVE EXAMPLES
EXAMPLE 1:
In a one liter flask equipped 'with a stirrer, water
condenser, thermometer, an addition funnel and a dry ice
trap 190 g (1 mole) of octylthloethanol and 122 g (1

mole) of thlob:.sethanol were placed. The’ mixture of
alcohols was cooled to near o °c and 98 g (1 mole) of

"H2804 is added dropw:.se. _ After the addition is

completed,. _the nuxture was st:.rred for appoximately 1

. hour. A. homogeneous clear llq\nd was obta:.ned containing
- approximately 23.7% s. _

r:m:u‘._z:

In a one liter flask equ:.pped w:.th a stirrer, water
condenser, _themometer, an addit:.on funnel and a dry ice
trap 380 g (2 moles) of octylth:.oethanol and 122 g (1
mole) of thiocbisethanol were placed. The mixture of
alcohols was cooled to near 0 °Cc and 98 g (1 mole) of
HyS0, was added dropw:.se. y After the addition |is
completed, . the m:l.xture was stzrred for appoximately 1

‘hour. A homogeneous olear liqu:.d was obtained containing

approximately 21.5% S.
EXAMPLE 3:
In a one liter flask equ:.pped with a ‘stirrer, water

condenser, _thermometer, an addit:Lon funnel and a dry ice
trap 190 g (1 mole) of octylthloethanol and 154 g (1

mole) of dith:.odxglycol we_re_ placed. " The mixture of
alcohols was cooled to near 0 °C and 98 g (1 mole) of
H,S0, was added dropwise. After the addition was

complete, the mixture was stirred for approximately one
hour. A homogeneous clear liquid was obtained containing
approximately 29. 3% s,
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The stability of the samples of Examples 1 to 3
was assessed by examining the samples stored at room
temperature for at least 90 days. All samples remained
clear with no separation evident.

PERFORMANCE EXAMPLES

The antiwear performance of the additives of
this invention is illustrated by the following examples.

Three mineral cil formulations, A-C, containing
the additives of Examples 1-3, respectively, were
prepared. Two comparative fluids, D and E, were used.
Formulation D was a "blank" ATF formulation containing no
antiwear additive while E was the reference base o0il used
in all the formulations.

Formulations A-D were prepared using the same
lubrication oil basestock, E, and the same amounts of
dispersant, antioxidant, friction modifier, seal
swellant, antifoamant, and viscosity modifier. The
amounts of these additives remained the same for
Formulations A-D so that the effect of this invention's
additives could be quantified in each formulation.

Formulations A-E were run in the F2G Gear Test,
acécrdinq to the DIN 51354 (Germany) test procedure.
Accordingly, the gear set was run using each tests
formulation at increasing load stages until scoring of
the tooth flank occurred. Therefore, failure of a
formulation at higher load stages is desirable. Results
of this test are:
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' E2G_GEAR TEST

'Nohphospharus- ' % .- | Stage
E} containing Additive By Wt.?  EFai
A EXAMPLE 1 0.5 _ _11.
B EXAMPLE 2 0.5 | 12
C EXAMPLE 3 0.5 133
D None - BLANK ATF S 7
E

None - BASE OIL - 5

i- F = Formulation. '
2= Weight percent of total formulation.
3=~ _uax:.mum load stage possible.

. The results of this test :Lnd:.cate that the
formulations conta:.nmg the addit:.ves of this invention
gave better results than .Fo_rm_ulat_lgn D, the blank ATF,
and Formulation E, the base oil. More importantly, the
results of this test J.llustrate that the additives of
this invention are capable of prov:.ding potent antiwear
performance in the absence of phcsphorus as evidenced by

" the high F2G load stages measured.
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CLAIMS:
1. An oil-soluble additive wherein the

additive comprises the complex of a. substantially oil-
insocluble phosphorus-free strong mnineral acid and an
alcohol, the alcochoel being a single alcchol or mixtures
of alcohols represented by (I) or (II), where (I) and
(II) are:

(Ho-(-CH2-1q} R {Xr'(-(-ﬁH-ClH'O‘)S’H) tl ()
R2 Ri
R1
- |
R-Xr § (-CH2-) g —(‘:—)'y -H (II)
OH
where:

m + n is an integer from 1 to 4:
is 0 or an integer from 1 to 4;
is 0 or an integer from 1 to 4:
is 0 or an integer from 1 to 6;
is a C3;-Cs5p hydrocarbyl group in structure (I),
and is a Cj-Cgg hydrocarbyl group or hydrogen
in structure (II):
is sulfur, oxygen, nitrogen, or -CH;~-:
T is 0, or an integer from 1 to 5 providing
when X is oxygen or nitrogen, r is 1,
when X is sulfur, r is 1 to 3,
when X is -CHy-, r is 1 to 5;
s is 0, or an integer from 1 to 12:
t is 0, or an integer from 1 to 2 providing
when X is sulfur, oxygen, or -CHp-, t is 1,
when X is nitrogen, ¢t is 1 or 2;
y is 0, or an integer from 1 to 10; and
Ry and Rp are independently a C3-Cg¢ alkyl or
hydrogen.

waa o9 d
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_ 2. ,:_The add:.tlve of claim 1, where:.n the
strong mineral ac;d has a pKa from about =12 to about 4
in aqueous soluglons mgasured at 25 °ci

3. . The addit:.ve of claim 2, wherein the
strong mineral acid is Ho2S803 or H2S04.

‘4, The " additive of claim 3, wherein the
alcohol selected from the group cons.tst:.ng of (III),
(IV), and mixtures thereof, where (III) and (IV) are:

A-OH (III)
and : '

OH-B~OH (IV)
where: '
Yy
A is CH-(OCHCHp)g- or Y1~CH-(OCH;CH~) g~
h o Gy
Xy is H or stCﬁz- ;- |
¥y is RaSCHz-, R2SCHCH3-, R2SCHCH3~- ,
Lﬁg : LHZ
. L 3_
RySCH-, RpSCH,CH-, or RpSCHpCH— ;
o cl31*:3 | éﬁa . CHp
. | lc}l3
s is 0 or an integer from 1-12;
B is ~CH,CHpSCH,CHp— , —CH2CHSSCHaCHa—
or R$<|=H¢32534- ;o "

where Ry apnq Ry are the same or différent and are H or a
hydrocarbyl group containing up to 50 carbon atoms; and

* [4 L M s *
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R4 1is a hydrocarbyl group containing up to 50 carbon
atoms.

5. The additive of claim 4 where (III) and
{IV) are nmixed with the acid in the molar ratic of
alcohol to acid of 1:1 to 6:1, and the amount of (III) is
at least twice the amount of (IV).

6. The additive of claim 5, where Ry, Rj, and

R4 represent alkyl, alkenyl, cycloalkyl, aralkyl, or
alkaryl.

7. The additive of <claim 6, where A is
R2SCH3CHy~, Ry is a C3-Cyg alkyl.

8. A lubricating oil composition comprising a
major amount of lubricating oil basestock and an antiwear
effective amount of the complex formed in claim 1.

9. A concentrate composition comprising the
complex of claim 1.

10. A method of forming the complex of clainm
1, wherein the acid and alcohel are mixed at a
temperature from about =-10°C to 65°C.

|



