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This invention relates to novel lubricating oil com-

positions. More specifically, my invention is concerned
with Jubricating oil compositions comprising a base oil
of. lubricating viscosity having incorporated thérein cer-
tain organic compounds of titanium in an amount suffi-
cient to impart increased load carrying capacity to the
base oil. These titanium compounds find particular
}ltility when incorporated in synthetic base oil lubricat-
ing compositions. In one particular aspect, I have found
that the effectiveness of the titanium additives is material-
ly enhanced by the provision of a small amount of free
dibasic acid in the lubricant composition.
) The demand for synthetic lubricants is ever increasing
in view of, among other things, their low pour point,
high viscosity index and low volatility for a given vis-
cosity. The demand is particularly due to the present
and coming widespread use of turbojet and turboprop
engines for military and commercial aircraft. In these
uses lubricants having mineral oil bases and containing
additives to impart desired characteristics such as vis-
cosity index improvement and extreme pressure proper-
ties, may not be satisfactory since these compositions are
sources of deposits which can interfere with proper engine
operation. Even though most synthetic lubricants have
high viscosity indices, low volatilities and low pour points,
the latter affording good low temperature starting charac-
teristics, at least certain of these oils including those de-
sired from the standpoint of stability and cost have in-
sufficient load carrying capacity.

Specifications relating to synthetic lubricating oils have
been promulgated or are being considered which set
Gear
loading in the turboprop engine is particularly high. Syn-

; thetic lubricants containing primarily carbon, hydrogen
- and oxygen are particularly desirable as they have many

satisfactory characteristics ‘and are not beyond a feasible
-price range. On the other hand, the load carrying ca-
pacity of these base oils is not sufficient to meet turbine
engine specifications. - It is then desirable to increase
the load carrying capacity of these and other synthetic
lubricant bases to adapt them for use in turbine engines
and in other applications where extreme pressure prop-
erties are needed. The advantages of mineral oil lubri-

cants having good lodad carrying ‘capacity are widely:

known and the need for agents to provide this charac-
teristic is apparent. o

It has been proposed that the load carrying capacity
of lubricants be increased by the addition of agents such
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as tricresyl phosphate and synthetic or natural thickeners.

Tricresyl phosphate imparts extreme. pressure properties
but such are either insufficient or if sufficient other de-
sirable properties of the base oil are frequently dele-
teriously affected by the phosphate addition.” The use of
thickeners, although meeting load carrying specifications,
results in a fluid of high viscosity. . This can be disad-
vantageous as some engine manufacturers wish a fluid
having a low viscosity at reduced temperatures yet having
the load carrying capacity of a more viscous lubricant.
.. In the present inventon I have found that the load
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carrying capacity of lubricating oils can be substantially
increased by incorporation ‘of a minor amount of a
titanium organic compound and the desired characteristics
of the base oil are not deleteriously affected to a ma-
terial extent. The titanium-containing organic materials
can be used to impart extreme pressure characteristics
to such oils provided for any given use, but most sig-
nificantly my additives exhibit sufficient extreme pressure
properties in synthetic oils, particularly those consisting
essentially of carbon, hydrogen and oxygen, to satisfy
specifications, including those of the military, now pro-
mulgated or being considered and of which I am aware.
My additive compounds are further advantageous in that
they need not thicken the lubricating oil regardless of the
viscosity of the additive since only small amounts of
my agents need by employed for most if not all uses.

The titanium-containing additives of my invention are
compatible, ie. soluble, dispersible or miscible, with
the lubricating base oils and have the structure of those
products obtained by reacting an organic titanjum tetra-
ester with a glycol. The additives might be derived from
other reactant materials. The products can be titanium
monomers or polymers, and, if desired, may be water-
washed to approach a water-insensitive form. At least
certain of the monomer and polymer additives are
chelated and have a coordinate valence bond between
an oxygen and a titanium atom. - Generally, the mere
addition of a titanium tetraester to a glycol initiates an
exothermic reaction, although if desired heating can be
employed. The reaction may proceed only to the mono-
mer stage or continue to a polymer product directly. If
a monomer or partially polymerized product is obtained,
it may be further polymerized. In any event, I can
employ the various products afforded which range from
viscous liquids to solids and are compatible in the base
oils.

I am aware that U.S. Patent No. 2,160,273, discloses
that certain titanium tetraesters impart improved load
carrying capacity to mineral oil based lubricants. How-
ever, such tetraesters have chemical structures different
from those of the titanjum-containing additives of the
present invention. In fact, the titanjum tetraesters are
useful “starting materials in the preparation of my addi-
tives. Moreover, the titanium tetraesters are unstable in
the presence of water and can form titanium dioxide
which is an oil-insoluble solid material not considered
advisable for use in lubricating compositions.

Among the titanium esters which I can employ for
reaction are a'kyl tifanates such as methyl, ethyl, propyl,
butyl, 2-ethylhexyl, dodecyl, cyclohexyl and ethoxyethyl
tetraesters; aryl tetraesters such as phenyl and betana-
phthyl tetratitanates; aralkyl esters such as benzyl tetra-
titanate; mixed esters such as diethyl diphenyl tetratitan-
ates; mixtures of these materials and their condensed
or -polymeric organic titanates. - The various hydrocar-
bon esters can be substituted in the ester group although
the unsubstituted esters are preferred. Those esters pre-
pared from mono-functional alcohols are used most ad-
vantageously. Ordinarily the separate organic radicals
of the titanium tetraester will contain up to about 12 or
18 carbon atoms but may contain more if desired.

Although the additive agents in my lubricant com-
positions are not limited thereto, the preferred agents
are the products obtained through the reaction of the
titaninm tetraester with a glycol of the 1,3-diol type, see
U.S. Patent No. 2,643,262, hereby incorporated by ref-
erence. As set forth in the patent these glycols are
2,3-diorgano. hydrocarbon substituted materials which
have the formula

R—CHOH—(‘JH——CH20H

RI
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The diorgano radicals, that is the R and R’ of the glycol
formula, can be alkyl, aryl or mixed, and if desired be
substituted as with halogen, for instance chlorine. How-
ever, R and R’ should be substantially non-reactive under
the reaction and operating conditions employed. Gen-
erally, these glycols contain from about 5 to 12 carbon
atoms, for instance an octylene glycol; however, if de-
sired they could contain a greater number. Among the
specific glycols which can be employed are 2-ethyl-1,3-
hexane-diol, 2:-propyl-1,3-heptanedio], 2-methyl-1,3-pen-
tanediol, 2 - butyl - 1,3 - butanediol, 2,4 - diphenyl - 1,3-
butanediol, and 2,4-dimesityl-1,3-butanediol.

In addition to these glycols I can employ others and
generally the glycols will contain from 2 to about 20 or
24 carbon atoms or more. Also, as indicated above,
the glycols may be unsubstituted or substituted as with
hajogen or another hydroxy radical. Others of the gly-
cols which I can use are ethylene glycol, 2,3-butanediol
and ether polyalkylene glycols, for instance where the
alkylene radical contains 2 to 4 carbon atoms such as
diethylene glycol and dipropylene glycol.

I am not certain of the various structures of my tita-
nium additive agents, but they can be in monomeric or
polymeric form. Thus U.S. Patent No. 2,643,262 pro-
poses the following structures for compounds resulting
from combinations of various ratios of titanium tetraester
and glycol.

A. (1 molecule of Ti ester to 1 molecule of glycol.)

i i
HO= == 3Ti—] —0—Ti —O0—Tie - ~-0H

RHC (o] O/ \O CHR
R’H(IJ—(lJHz Hz(ll éHR (l}Hz——éHR’
CH
R’ n

B. (1 molecule of Ti ester to 2 molecules of glycol.)

"
0

Hy O O O——CHy

REG //’aéﬁ\\ C]}HR'

REG—0f HBO—CHR

C. (1 molecule of Ti ester to 3 molecules of glycol.)

H
(o]

|
H;C— 0 —Ti—O0——CHs
; A)'\
REHC 200N CHR’

| ‘ é Y |

REC—OH H; HO—CHR

lHR'

HO—CHR

D. (1 molecule of Ti ester to 4 molecules of :glycol.)

HO—CHR
| HR’
CH;

|
Hy0—O0—Ti—0——CH;
R .
R'HC 0N CHR/

| ’ | AN |
RHC—0H CH: BO—CHR
(I)HR'
HO—CHR

As noted I:n this patent, its various products are said to
be characterized by having the structure

|
—’.ll‘i~O—CHz—('3H—CHR

R,(I)
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or

!
—Tj—~0—CH,—~CH—~CHR
\\ RI , H

\\———--———/

It is preferred to employ in the compositions of my
invention the titanium ester-glycol reaction products
which are relatively insensitive to water. In groups B
and C above, the compositions shown are in this form,
that is any ester group of the titanium tetraester remain-
ing unreacted has been replaced by a hydroxy radical
as through water-washing of the product. Also, the
compounds of Group A above appear to be polymeric
in form even though no extraneous heat is applied to the
reaction as was the case in Example I of the said patent
where the preparation of such a compound is described.
In Example IV of this patent a polymer allegedly having
the following formula was produced by heating in the
presence of water the product from the reaction of 2
moles of 2-methyl-1,3-pentanediol and 1 mole of tetraiso-
propyl titanate.
= CH; M

]
CH3;~CH—CH=C:Hs
HO—| —T — 00— |—H

I i
CH,—?ECH—CQH,ﬁ
L. CH, . Y

In this formula n is a number greater than 1. Also,
from this patent it is apparent that the reaction of the
glycol and the titanium ester can be conducted in the
presence of inert solvents, e.g. cyclohexane, n-heptane,
benzene, etc.

The preparation of the titanium compounds I employ
as extreme pressure agents has also been considered in
JLA.CS., vol. 76, pages 2533-2536. The reaction is
described as taking place between the titanium tetraester
and a glycol to provide stable chelate compounds. It
was postulated that when using 2 moles of glycol per
mole of titanium ester the structure of the product would
be

YOH
o O—R

el

HOY

where R is the hydrocarbon radical of an original ester
group and Y is the glycol hydrocarbon radical or residue,
that is the glycol minus two essential hydroxy radicals.
This structure might also be represented as

RO 0YOH

Nl
HOYO OR

In either case, to produce a more water-insensitive ma-
terial, the —OR groups could be replaced by hydroxy
radicals through hydrolysis.

This J. A. C. S. publication concluded that manufac-
ture of titanium ester-glycol reaction products having
ester to glycol ratios of 1:1, 1:2 or 1:3 seems unlikely
but possible combinations were 2:2, 2:3, 2:4 and 4:6.
Thus, when reacting 2,3-butanediol with tetra tertiary-
butyl titanate in the molar ratio of 2:1, the following
polymeric structure was proposed.

HOYO 0YO 0YO 0t—=Bu
/ \N./ N\~
SN O N
++—-BuO 0YO 0YO OYOH

The product from this reaction analyzed 17.5% tita-
nium -and -corresponded to CspHggO1aTi; (820:6 M.W.).

o el
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1t was reported that ethylene glycol and 2-ethyl-1,3-
hexanediol had a greater tendency to chelate than the
2,3-butanedio] and the former were postulated as giving
the following structure through rather quick termination
of polymerization.

[0} 0YO
4(\Ti/ \T/ l
é)/ \0 / \é

In spite of the uncertainties of the structures of my
additive agents, the base oil-compatible-titanium com-
pounds I employ can be either monomeric, polymeric or
mixed monomers and polymers. These materials can
be produced through reaction, with or without heating,
of about ¥2 to 4 moles of glycol with each mole of tita-
nium tetraester, preferably about 2 to 4 moles of glycol
per mole of titanium tetraester. The first product ob-
tained can be employed as such or polymerized through
heating or through water addition and heating with there
being no particular critical limitation on either, except,
of course, the temperature should not be so high as to
decompose the desired reaction products. Ordinarily,
the polymerization temperature will be above 25° C.
and preferably at least about 40° C. When employing
heat to obtain a polymer in the absence of water and
from a monomer dissolved in solvent, it may be desir-
able to use a vacuum, say about 5-10 mm. Hg, and a
temperature of about 130 to 170° C. to remove the sol-
vent while forming the polymer. Of course, other con-
ditions of temperature and pressure could be employed.
If water be present during polymerization, I usually em-
ploy at least one part per part of titanium reactant
ester, with 2 to 20 parts of water being used most ad-
vantageously. At the end of the reaction alcohol and
water can be boiled off or otherwise removed. The
length of time the heating is conducted can be varied
widely and is not critical, and apparently during poly-
merization non-chelated groups of the titanium reactant
are hydrolyzed from the molecule.

The structure of my additive agents might be defined
as the base oil-compatible materials of the following
formula

[o]
A A

wherein A is hydrogen, a hydrocarbon radical of a tita-
nium tetraester, or B; and B is a glycol hydrocarbon radi-
cal containing a glycol hydroxy group. As stated the
base oil- compatlble polymers formed from such materials
are useful.

A proposed structure for such polymers formed by heat

alone is
[ C[)YO—— 'I
—Ti—0YO——
| Ja

When the polymer is made by heating in the presence
of water the structure might be

oyon
[l

HO—-Ti—0——H
l_OYOH n

However, the product obtained by heating in the pres-
ence of water may not be a true polymer buf rather
composed of a plurality of

O0YOH

|

HO—Ti—O0H

RS

OYOH
molecules associated by hydrogen bonding. The product
may be of some other structure. Y and .z in the above
formulas have the significance previously given.

Several of my additive agents have been made avail-
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6
able by E. I. du Pont de Nemours & Company. - For in-
stance, they offer for sale materials of the following table:

Table I
REACTANTS
Molar Proportions
Octylene Glyeol Solvent Appear;
Titanates Octylene| Tetra- ance
Glycol! [ butyl
Titanate
OGT-21_. e 2 1 | 249, Butanol._| Solid.
OGT-2.21 e 2.2 1 | 25% Butanol.. T%clﬁi
olid.
OGT—31 ............... 3 1 | 28% Butanol..| Liguid.
OGT-4 e e 4 1 | 319 Butanol..| Do.
0GT—21 (washed)...._ 2 1| 43% Cyclo- Solid.
hexane.
0GT-2.21 (washed)_.... 2.2 1 42% Cyclo- Tacky
hexane. Solid.
1 2-ethyl-1,3- hexanedlol

The formulas proposed by the manufacturer for these
materials are chelated monomers and are as follows:

0GT-21 O GT-21 (washed)

HO._  Hyg

HO H
\ce 0 \cs_&_

0

wherein R is a butyl radical. These monomers or their
base oil-compatible polymers can be employed as extreme
pressure additives in my base oils.

The structures of polymeric materials formed from the
OGT products by heating alone and by heating in the
presence of water have been studied by infrared and X-
ray diffraction methods. In these studies three products
were used and these were

(a) Prepared by heating OGT—41 to 200°
presence of water (Example VI below);

(b) Prepared by heating OGT—41 to 250° C. in the
absence of water (Example VII below); and

(¢) Prepared by heating OGT-21 to 250° C. in the
absence of water (Example VIII below).

By infrared analysis, product (e¢) showed a strong
absorption peak at 3 microns which is characteristic of
a hydroxyl group. The intensity of the peak indicated a
hydroxyl number of about 460. The hydroxyl groups
apparently were derived by removal of unchelated glycol
residues from the OGT—41 in the presence of water. By
infrared neither product (b) nor (¢) exhibited a hydroxyl
number and these products appeared to be similar.

X-ray diffraction analysis of product (a) gave a peak
having an intensity of 230 at 15.2 Angstroms. The crys-
tal size was 56 Angstroms and the product was almost
amorphous, The principal scattering atom in the prod-

F. in the




9,060,460

7

ucts (@), (b) and (c) is titanium. Since all of these
products gave but one major diffraction line, it was con-
sidered that this was the titanium to titanium distance.
Thus product (a) indicated about four such distances.
Products (b) and (¢) were more crystalline with the
former having a major peak at 11.8 Angstroms (intensity
350) and the latter having the same at 12.1 Angstroms
(intensity 800). Product (b) exhibited a crystal size of
130 Angstroms corresponding to about eleven titanium to
titanjum distances and product (c¢) showed a crystal size
of 220 Angstroms or about eighteen such distances.

As previously stated, my extreme pressure agents may
vary from liquid to solid as long as they are compatible
with the base oil. Frequently, when the titanium additive
is in polymeric form the molecular weight will be from
about 800 to 3000 and preferably about 1000 to 1800, but
the molecular weight may even be as high as 5,000 to
15,000 or 20,000 or more. Advantageously, I employ the
low molecular weight polymers as they do not tend to
thicken the base oil. The low molecular weight polymer
additives frequently have viscosities at 100° F. ranging
from about 0.575 to 0.85 cs. on the basis of 1 gram in 40
grams of toluene.

My .compositions contain sufficient of the titanium
additive agent to increase materially the load carrying
capacity of the base oil. Generally, the final lube com-
position will contain from about 0.001 to 5 weight percent
of the additive agent and I prefer about 0.1 to 2%. More
than 5% could be used but there does not appear to be
any necessity for this. The actual amount of agent em-
ployed may be dependent upon the degree of improvement
desired and upon factors such as the character of the base
oil and the other materials which may be added to or
be present in the tubricant composition. For instance, one
specification now of interest requires that the lubricant
carry at least 3000 Ibs. in the Ryder Gear Test Machine,
and this value has been far exceeded by providing as little
as 0.028 weight percent of titanium in a mineral oil base
lubricant through addition of 0.2% of an OGT—-41 poly-
mer, see blend No. 4 of Table VIII below. This shows
that lesser amounts of the additive could be employed
without failing this particular load carrying test.

It has been found that variations in the amount of
additive or titanium supplied to synthetic base lubricants,
for instance diester oils, can significantly influence the
degree of improvement in their load carrying properties.
Thus, the addition to several essentially dibasic acid-free
diester synthetic oils of 0.2% of my titanjum agent, in the
form of a 20% OGT-41 polymer concentrate in Plexol
201 (Plexol 201 contains about 0.02% of free sebacic acid
which has the formula COOH(CH,)gCOOH), produced
compositions which although improved in extreme pres-
sure properties did not satisfactorily carry 3000 Ibs. in the
Ryder test machine. However, when 1% of OGT-41
polymer was added to an essentially dibasic acid-free di-2-
ethyl-hexyl sebacate base composition, the oil had a
load carrying ability of about 5000 lbs. in the test.

It has been found that the degree of improvement in the
load carrying properties of my lubricating oils, particu-
larly synthetic oils such as the diester oils, afforded by
incorporation of my titanium additives, can be materially
enhanced by providing in the composition a small but
effective amount of -a free, base oil-compatible dibasic
acid. Generally, the compatible acids T use have molecu-
lar weights of up to about 600 which includes for instance
monomer and dimer acids. Thus, I can employ at least
about 0.005 weight percent of a dibasic acid, preferably
having from 2 to about 12 or 20 carbon atoms, in these
lube compositions and obtain improved extreme pressure
properties, particularly when the amount of titanium addi-
tive is such that the composition contains up to about 0.1
weight percent of titanium, preferably up to about 0.05
weight percent of titanium. Of course, the dibasic acid
could be present when the lubricant contains more than
:about 0.1 weight percent of titanium should it be consid-

8

" ered desirable or convenient. In my preferred embodi-

10

15

20

30

35

40

60

65

70

5

ment the free d.basic acid is about 0.01 to 0.1 weight per-
cent of the composition, and generally there seems to be
little if any benefit to be derived from using more than
about 1% of the acid when it is added primarily to en-
hance the effectiveness of the titanium additive. Al-
though the dibasic acids have been found to be useful
along with my titanium additives the same result has not
been obtained by incorporation of the monobasic acid,
decanoic acid, or the half ester prepared from 2-ethyl-
kexano! and sebacic acid. The use of the small amount
of dibasic acid to enhance the action of the titanium ad-
ditives towards imparting improved load carrying charac-
teristics to my base oils is particularly desirable where
the amount of improvement wanted cannot be obtained
by employing the titanium additive alone without using
an amount of the latter which contributes to the final
lubricant composition another characteristic which is dele-
terious in a given situation. For instance, there is some
indication that when a Plexol 201 base lubricant contain-
ing phenothiazine and a silicon anti-foaming agent has

incorporated in it more than about 0.05 weight percent of

titanium in the form of an OGT-41 polymer the compo-
sition exhibits lead and magnesium corrosion properties
to an extent which at this time seems undesirable for high
temperature jet engine use.

It is sometimes advantageous to ship and handle the
additive as a concentrate in the base oil, and thus the
agent may be as high as about 75% of such a concentrate
but normally the concentrate would contain about 15 to

.60% additive. My additive monomers and the polymers

made by heating in the presence of water can be blended
with the base oil at room temperature but slight heating
is preferred when blending this polymer. Polymers made
by heating the monomers in the absence of water seem
more difficult to blend and temperatures of at least about
150° F. are generally employed during blending of these
materials. My compositions can also contain additional
agents such as anti-oxidants, anti-foaming additives, cor-
rosion inhibitors, V.I. improvers, other extreme pressure
agents, thickeners and other agents added to give desired
properties. However, certain agents may decrease the
effectiveness of my titanium additives, and this has been
found to be the case in instances when my composition
contained tricresylphosphate and the OGT-41 polymer.
the titanium additives of this invention exhibit anti-foam-
ing activity.

The base oils of my compositions are the mineral or
synthetic oils of lubricating viscosity. Preferably, the syn-
thetic oils consist essentially of carbon, hydrogen and oxy-
gen, with or without silicon. Various of these lubricating
materials have been described in the literature and gen-
erally their viscosity ranges from the light to heavy oils e.g.
about 50 SUS at 100° F. to 250 SUS at 210° F. and pref-
erably 30 to 150 SUS at 210° F. Included among the pre-
ferred synthetic lubricants are, for example, the polyalkyl-
ene glycols prepared from alcohols and alkylene oxides. A
number of these oils are available as Ucons prepared
from aliphatic alcohols and propylene oxide and having
molecular weights of about 400 to about 3000. Related
lubricants are the higher molecular weight alkylene oxides,
polycarbonates, Acryloid polymers, formals, polyformals,
polyglycidyl ethers and other ethers. The oils contain-
ing silicon include the polysiloxanes of lubricating vis-
cosity, particularly the polymethyl, polyethyl and poly-
phenyl siloxanes, for instance of 200 to 1000 or more
molecular weight.

Widely employed synthetic lubricating oils are the ester
types, for instance the mono- and diesters, and these are
the base oils I prefer. The esters are made from alco-
hols and either mono- or polycarboxylic acids. Among
the dicarboxylic acids employed are those of 2 to 12 car-
bon atoms, particularly the aliphatic acids such as adipic,
azelaic, suberic, alkenyl succinic, sebacic, etc. Preferred
monocarboxylic acids are those of 8 to 24 carbon atoms
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such as stearic, lauric, etc. The alcohols employed usu-
ally contain less than about 20 carbon atoms and are
generally aliphatic, such as the butyl, hexyl, 2-ethylhexyl
and dodecyl alcohols. The alcohols can also be poly-
functional materials, such as glycols, and included among
the glycols are the ether glycols. Various ester base oils
are disclosed in United States Patents Nos. 2,499,983;
2,499,984; 2,575,195; 2,575,196; 2,703,811; 2,705,724
and 2,723,286. As I have mentioned my preferred lu-
bricating base oils are synthetic and consist essentially of
carbon, hydrogen and oxygen with or without silicon, i.e.
-the essential nuclear chemical structure is formed by these
elements. However, these oils may be substituted with
other elements such as halogens, e.g. chlorine and fluorine.

Among other specific synthetic oils falling within the
above classes are ethyl palmitate, ethyl stearate, di-(2-
ethylhexyl) sebacate, ethylene glycol di-laurate, di-(2-
ethylhexyl)phthalate, polymethyl siloxane of 149 SUS
viscosity at 210° F., 1-naphthyl cetyl ether, dicetyl ether,
polypropylene glycol (and mono- and diethers) (m.w.
600), di-(1,3-methyl butyl) adipate, di-(2-ethyl butyl)
adipate, bis(1H,1H,7H-dodecafluoroheptyl)-3-methyl glu-
tarate, di-(l-ethyl propyl) adipate, diethyl oxylate,
glycerol tri-n-octoate, di-cyclohexyl adipate, di-(undecyl)
sebacate, tetraethylene glycol-di-(2-ethylene hexoate), di-
cellosolve phthalate, butyl phthallyl butyl glycolate, di-n-
hexyl fumarate polymer, dibenzyl sebacate, diethylene
glycol bis(2-n-butoxy ethyl carbonate) and oxo process
alcohols such as isoctyl, isodecyl and isotridecyl alcohols
made from branched chain propylene polymers.

In preparing the polymer additives I prefer to take one
part by weight of OGT—41 and 3 to 6 parts by weight of
water and heat the mixture to at least about 60° C. while
agitating. The temperature is held for about 15 to 30
minutes and agitation is then stopped. A white, sticky,
insoluble, elastic polymer settles while octylene glycol and
butanol solvent form an upper layer. The top layer and
the water are decanted and the polymer is water washed
and blended with the base oil, for instance, to give a
concentrate of about 15 to 60 weight percent of polymer.
The mixture is settled and the water layer separated. The
oil is then heated to remove remaining water and butanol.
The polymer could be preheated to remove water and
solvent before addition to the base oil in any concen-
tration.

My monomer additives can be dissolved in a silicone
oil; however, difficulty has been experienced in this re-
spect when using the polymers. Thus in the latter case,
it has been found to be advantageous to dissolve the
monomer; e.g. OGT-41, in the silicone, preferably as a
concentrate; and then heat the mixture, for instance, to
about 300° F., to remove the alcohol formed during the
polymerization. The polymer so formed will remain
compatible with the silicone oil even when the concen-
trate is combined with additional base oil to prepare the
lubricant.

The following examples serve to illustrate the prepara-
tion of my additive polymers and their addition to base
lubricating oils.

EXAMPLE 1

2520 grams of OGT-21 were mixed at 88° F. with
4000 grams of water. After stirring for 1 hour at about
75 to 88° F., the material was filtered through paper to
separate the solid polymer which had been formed. The
crude polymer analyzed 10.35 weight percent ash and
6.20 weight percent titanium. 1235 grams of the crude
polymer were added to 2000 grams of Plexol 201. The
solution was heated to 150° C. on a hot plate for 10
minutes which gave an additive concentrate analyzing:

Wt. percent ash . 8.68
Wt. percent titanium 5.20
Acid No., ASTM-D974 417
Viscosity, centistokes at 210° F________________ 3.749
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EXAMPLE 11
150 grams of OGT—41 were added to 300 grams of wa-
ter. The mixture was agitated and heated at 212° F. for
30 minutes. The liquid was decanted from the solid
product at room temperature. The polymer was air dried
and the product weighed 51 grams.

EXAMPLE II

773 grams of OGT-41 were placed in a 6-liter beaker.
Four liters of deionized water were poured in with vigor-
ous stirring by hand. A milky, yellow suspension formed.
The mixture was heated and stirred. After about 5
minutes the temperature reached 28° C. and a white,
tacky precipitate formed. After a total of 30 minutes
when the temperature reached 55° C. the product took
on a curdy appearance. At 65° C. there were three com-
ponents present; a white, heavy, tacky precipitate; a clear
solution and a yellow, only curdy material. The desired
product (the white, heavy, tacky precipitate) was sepa-
rated by decantation and filtration. The solid on filter
paper was left in air overnight and then was stored in a
desiccator for 20 hours. 134 grams of product were ob-
tained and the product analyzed 25.6 weight percent ash,
which is equivalent (by calculation) to 15.3 weight per-
cent titanium.

EXAMPLE 1V

2555 grams of OGT-41 were added with stirring to
3000 grams of water. The mixture was heated and held
at 80° C. for 1 hour. Upon standing the reaction mixture
separated into three layers and the liquid organic and
aqueous layers were decanted to give 835.0 grams of crude

polymer. This polymer analyzed:

Weight percent
Titanium ... 11.15
Carbon ___ ... 48.65
Hydrogen — ——— 929

An additive concentrate was formed by mixing 819
grams of the crude polymer with 800 grams of Plexol 201
and heating the mixture at 135° C. for 15 minutes. The
resulting additive concentrate analyzed:

Weight percent

Ash 10.44.
Viscosity, centistokes:
At 100° F. ___ 29.84.
At 210° F. 5.01.
Acid No., ASTM-D974 54,
Pour point, ° F. below —80.

EXAMPLE V

500 grams of OGT-21 (washed) were mixed at room
temperature with 2000 grams of water while stirring.
The temperature of the mixture was increased to 100° C.
and held for 18 hours. A white polymer formed. The
reaction mixture was cooled and the solid product re-
covered by filtration. The product was air dried at room
temperature for 24 hours and analyzed:

‘Wt. percent ash 219
‘Wt. percent titanium 131
Wt. percent carbon 46.28
‘Wt. percent hydrogen 941

EXAMPLE VI

100 grams of OGT-41 were mixed with 200 grams of
water. The mixture was heated at 200° F. for 1 hour and
then filtered. The filtered solid product was washed with
200 grams of hot water and then air dried for 24 hours.
The dried product analyzed:

‘Wt. percent ash 28.39
Molecular weight, benzene boiling point method ... 1316
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EXAMPLE VII

A polymer was made by heating 100 grams of OGT-41
to 250° C. and holding this temperature for 5 minutes.

EXAMPLE VIII

A polymer was made by heating 100 grams of OGT-21
to 250° C. and holding this temperature for 5 minutes. It
was more difficult to dissolve this polymer in Plexol 201
than the preferred polymers formed in the presence of
water. At 350° F., 150 ml. of Plexol 201 were required
to dissolve ¥2 gram of the polymer of this example.

EXAMPLE IX

7200 grams of OGT-41 were mixed with 8000 grams
of water in a stainless steel beaker. The mixture was agi-
tated while increasing the temperature to 95° C. where
it was held for 20 minutes. Afterwards the mixture stood
at room temperature for 12 hours and the liquid was
decanted from the white polymer which had been formed.

7000 grams of water were then added to the polymer and

the mixture was heated to 80° C. This temperature was
held for 2 hours while agitating the mixture. The tem-
perature was then allowed to drop to room temperature
and the reaction mixture stood for 12 hours. The liquid
was decanted and the polymer product was dried for 24
hours on paper at 25° C. and 50% relative humidity.
The product weighed 2640 grams, had an ash of 25.8
weight percent and a molecular weight in benzene by
boiling point method of 1314.

EXAMPLE X

2640 grams of polymers were prepared by combining
three separate products, each obtained according to the
following procedure. 7.2 parts of OGT-41 were mixed
with stirring with 6 parts of water. The mixture was
heated about 30 minutes at 180° F. and it then stood
overnight. A clear supernatant organic liquid and the
water layer which had been formed were decanted from
the resulting polymer. Nine parts of water were then
added to the polymer and after heating and stirring for
30 minutes at 180° F. the mixture was allowed to settle
for 16 hours. The liquid phases were decanted and the
polymer transferred to filter paper and air dried for 24
hours at 25° C.

EXAMPLE XI

An additional amount of polymer was prepared by
the method of Example X and the products were com-

bined to provide 2920 grams of air dried polymer. The ¢

" polymer was then blended with 4735 grams of Plexol 201
to give an additional concentrate. Blending was accorn-
plished by heating the titanium polymer in the Plexol 201
for 30 minutes at 160° F. and then filtering through

paper. This concentrate analyzed:
Weight percent

ASh e 1078.
Viscosity centistokes:

At 100° Fo oo 29.58.

At 210° F. _—_ —— 5.02,
Acid No., ASTM-D974 ____ 6.62.
Pour point, ° F. e below —80.

EXAMPLE XII

2000 grams of OGT-2.21 were mixed while stirring
with 4000 grams of water. The mixture was heated and
held at 75° C. for 40 minutes. The aqueous and organic
liquid layers were decanted from the polymer which had
been formed and the crude polymer analyzed 16.1 weight

_percent titanium.
EXAMPLE XIIL

2000 grams of OGT—41 were mixed while stirring with
6000 grams of water. The mixture was heated and held
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at 60° C. for about 16.65 hours. The aqueous and organic
liquid layers were decanted from the polymer which had
been formed and the polymer was air dried for 24 hours
at 25° C. The resulting material analyzed:

Weight percent

THANMM e e 169
Carbon - e 30.05
Hydrogen e 9.30

EXAMPLE XIV

Ten liters of OGT-41 were placed in a 40-liter stain-
less steel beaker. To this were added 30 liters of dis-
tilled water with agitaticn, and the mixture was heated at
80° C. for three hours with stirring, The agitation and
application of heat were stopped, and the contents of
the beaker were allowed to cool to 25° C. At this point
the butanol solvent and water (liguid layer) were de-
canted from the white precipitate of polymer. Thirty
liters of distilled water were added and the temperature
was increased to 80° C. with good agitation. The applica-

tion of heat was stopped and the product was allowed -

to settle for four hours. Then water and solvent were
decanted, and the polymer was dried for 60 hours at
room temperature (25° C.) at about 30% relative humid-
ity. The yield of air dried titanium polymer was about

38%. Analysis of the polymer was:

Wt. percent £itanium — - e 13.5
Wt. percent ash ..~ 22.56
Acid No., ASTM-D974 o . 213
Molecular weight e oo 12,800
Initial pH of material . _ 7.6

EXAMPLE XV

164 pounds of OGT-41 were weighed into a stainless
steel Pfaudler kettle. While stirring vigorously, 210
pounds of tap water were added. The stirred mixture of
water and precipitated polymer was heated to 170° F.
over a twenty-minute period. When the mixture reached
170° F., the agitation was stopped, and the mixture was
allowed to settle 1 hour. The upper organic layer and
water were siphoned off the wet polymeric white solid.
A second charge of tap water, 210 pounds, was added
to the kettle, while agitating vigorously, and the mixture
was heated to 170° F. The agitation was stopped, and
the mixture was allowed to settle two hours. The bulk
of the water was siphoned off the polymer; the last part
of the water was drained through the wet granular poly-
mer to the bottom valve on the kettle and discarded.
147 pounds of Plexol 201 were then charged to the stirred
kettle, and the contents heated to 180° F. At about 180°
F., the polymer was dissolved. The agitation was stopped,
and the solution settled for 30 minutes. The lower water
layer was drawn off, and discarded. At this point the
organic layer was almost clear, except for a slight water
haze. The organic layer was dehydrated by heating to
250° F. and cooled to 80° F. Product yield was 190
pounds of clear yellow liquid, having the following
analysis:

Kinematic viscosity

At 100° F., €80 o e 16.47
At 210° F., €S e 3.691
Titanium, wt. percent - .. 3.20
Acid number (ASTM-D974) e 3.10
Approximate additive concentration, wt. percent _.  20.0

In the table immediately below, several tests on syn-
thetic lube oil compositions are presented. Compositions
1 through 5 fall within the present invention while com-
position 6 not containing my additive is included for
comparative purposes to show the improvement in load
carrying capacity afforded by my titanium additive agents.
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Composition, Wt. Percent:
Plexol 2011
Phenothiazine 2

Balance,

D.C.F. 200-60,000 3
Titanium Polymer

0.5.
6.001,

Concentrate Preparation

Polymer Preparation. .
T-41._

Tests:
Viscositoy at:

Pour
Acid number, ASTM-D 974

Ryder Gear, pounds

- 3.6.
1.9
below —80...

5,600+. -
5,600+

2,100.

1 A di-ethylhexy) sebacate oil hawng & kinematic viscosity at 100° F. of 12.3 centistokes, a viscosity index of 154, & pour point of

below —80° F, and acid number of 0,1!
2 Phenothiazine is an anti-oxidant.

3 D.C.F. 200-6C,000 is & methyl silicone polymer having a viscosity of 60,000 cs. at 25° C. and is an anti-foarming agent.

The above data clearly illustrate that in the presence
of a dibasic acid my titanium additive monomers or
polymers effectively increase the load carrying capacity of
the synthetic base oils. Thus, compositions 1 to 5 fre-
quently gave load carrying ratings of 5600-} on the
Ryder test machine. As 5600 is the capacity of this
machine, such readings do not, of course, indicate the
ultimate load carrying capacity of the lubricant tested.
The extreme pressure characteristics of these compositions
are vastly improved over a similar synthetic lube oil
composition containing no titanium additive where the
composition had a rating on the Ryder machine of only
about 2100 pounds, see composition 6 of Table II. A
tentative proposed military specification requires a mini-
mum Ryder rating of 3000 pounds which illustrates an
inadequacy of the base oil composition not containing my
titanium additive.

The data of Table II show that in the presence of the
dibasic acid my extreme pressure agents can be added in
very small amounts and still exhibit outstanding load
carrying improvement, for instance see the tests on com-
position 3. Thus, any slightly deleterious properties
which might be imparted by the additives are readily
overcome. For instance, there has been some indication
that the used oil-acid number increase of certain of my
composition is somewhat above the proposed tentative
military ‘specification, this was true with composition 2
of Table II. On the other hand, since in the presence
of the dibasic acid the additive exhibits such outstanding
properties at low concentration, passage of corrosion and
oxidation tests is assured merely by decreasing the amount
of additive employed or by addition of small amounts of
compensating additives such as anti-oxidants etc. Acid
number increase and other minor unwanted characteris-
tics imparted by my titanium additive agents thus are not
serious problems to their commercial utilization. - Of
course, whether or not various characteristics are consid-
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ered to be disadvantageous is a function of the specifica-
tions to be mef.

Tests on a series of lubricating oil blends have been
conducted to show the effect of varying the amount of
my OGT polymer titanium additive present in a substan-
tially dibasic acid-free diester base oil. The pertinent
data from these tests are as follows:

Table IIT
Blend No.
1 2 3
Composition, weight percent:
Di-2-ethylhexyl sebacate
(acid-free) 1ooooooooeenaee 99.5 balance balance
Phenothia ine... 0. 0.5 0.5
D.C.F. 200-60,000 0. 06005 0. 0005 0. 0005
Titeninm Polymer of Ex-
ample XIV 1.0
Titanium Polywer Concen-
trate of Example XV _______|._______.___ b+ 2
Tests:
Acid No. ASTM-D 664.._____ 0.02 0.09 0.07
Wt. Percent Titaninm_ €. 037 0.133
Ryder Gear, pounds. oo 1,760, 1,760 |2,170,2,430 | 4,980, 5,130
1 Acid-free material was prepared by clay contacting Plexol 201,

The data of Table III show that with a dibasic acid-free
diester oil, the addition of 0.037% titanium as an OGT-
41 polymer concentrate in Plexol 201 (blend No. 2) pro-
vided improvement in load carrying properties; however,
the. composition did not satisfactorily carry 3000 pounds.
When the amount of OGT—41 polymer added was in-
creased to provide 0.133% titanium as in blend No. 3,
the composition exhibited extreme pressure characteristics
sufficient to carry around 5000 pounds in the Ryder gear
test machine.

The effects of adding free dibasic acid and other se-
lected materials to blend No. 2 of Table III were deter-
mined in a series of tests which are reported in Table IV.
Table 1V

Blend No.
Blend No.
2 Table III
1 2 3 4 5 6
Composition, weight percent:

Di-2-ethylhexyl sebacate (acid-free as

in Table IXT) el balance balance balance balance balance balance balance
Thenothiazine. 0.5 0.5 0. 0.8 0.5 0.5 0.5
D.C.F. 200-60,000. . o oo 0.00056 0. 0005 0.0005 0. 0005 0.0005 0. 0005 0. 0005
Titaniumn Polymer Concentrate of .

Example XV oo 1.0 1.0 10 1.0 1.0 1.0 1.0
Sebacic Acid (COOH(CH)sCOOH__ 0.01 0.02 0.03
Adipie Acid (COOH(CH3):COOH)._ 0.02
Decanoie Acid- (15 20 S
Half ester of 2-ethylhexanol and

sebacic acid. 0.1

Tests:

Acid No. ASTM-D 664. 0.09 10.15 0.21 0.24 0.13 0.15 0.16
‘Wt. Percent Titanium - 0.037 0.032 | 0.032 . 0.029 0.027 0.028 0.028
Ryder Gear, pounds. _. 2,170, 2,430 | 3,030,2,740 {"4,870,3,820 | 3,990, 4,270 | 3,725, 4,200 | 2,460, 2,240 | 2,900,2,140

1 Calculated.
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These data illustrate that the provision of free-dibasic
acid in the diester oil containing my titanium additive en-
hances the load carrying properties of the composition.
Also, in these tests the addition of decanoic acid or the

16
from 225 to 312° F. during which time 1906 grams or
about 88% of the theoretical water of the esterification
reaction were collected. To the resulting mixture 2105
grams of 2-ethyl-hexyl alcohol were added and the mix-

half-ester of 2-ethylhexanol and sebacic acid did not pro- 5 ture was heated 5.5 hours with the collection of 175
vide a similar effect. grams of water. The final reaction flask temperature

The results of the tests of Table IV are confirmed by was 330° F. and total amount of water collected at this
the following data of Table V obtained with respect to stage represented 96.5% of theoretical. The xylene car-
two different diester base oils. rier was stripped from the reaction mixture and the

Table V
Blend No.
1 2 3 4 ] 6

Composition, weight percent:

Emolein 2958 I_______ ... balance balance balance balance

Di-2-ethylhexyl adipate 2 - - balance balance

Phenothiazine. . _.o—....- 0.5 0.5 0.5 0.5 0. 0.5

D.C.F. 200-60,600. - _-_-- R 0.0005 0.0005 0.0005 0.6005 0.0005 0.0005

Titanium Polymer Concen-

trate of Example XV_.____. 1.0 1.0 1.0 1.0 1.0

tSebacic Acid S— 0.03 0.1 0.03 |cemccmmmane 0.03

8:
i Number, ASTM-D 664__|-ocoeoocoen 0.31 0.0 0.19 0.10 0.19

Wrt. Percent Titanium._.____ 0,031 0.033 0,033 |-ecurcmecaen 0.031 0.03

Ryder Gear Loadomeuzmoomaee 2,080,2,100 | 4, 510,3,760 | 3,515, 4,060 | 2,050, 2,380 | 1,390,1,240 | 3,470,3,590

1 Di-2-eti'1ylhexyl azelate having no free acid; Acid No.=0.0.

2 Base oil had no free acid, Acid No.=0.01.

Data have been obtained which show that certain bottoms charged to a pressure autoclave. 4.21 pounds
additive materials can decrease the effectiveness of my of propylene oxide were added to the autoclave to take
titanium agent. The data of Table VI illustrate this gy care of 42.1 Ibs. of the polyester which had not yet been
point. completely neutralized. The autoclave was swept free of

Table VI air by nitrogen. The autoclave was then heated to
344° F. and kept at this temperature for 7% hours. The
Blend No initial pressure was 65 p.s.i.g. and by the end of 7%
: 35 hours it had dropped to 60 p.s.i.g. The mixture was al-
1 9 lowed to stand overnight and on the following day was
maintained at reaction temperature for 62 hours while
. . . stirring. The propylene oxide was flashed off and the
ht : ; L
co}%giiglloz%ﬂ(il_%__fﬁ(fﬁ ______________ Balance product analyzed: Acid No. ASTM-D974, .05; viscosity

Phenothiaritie. 00008 9 49 at 210° F. centistokes 74.00.

Titaniam Polymer of Example X1V 0. 464 ) The resulting composition containing the ester thick-
Tesg.mresylph“mh“’" 4.0 ener and my titanium additive had a viscosity at 210° F.

Wt. Percent Titanium, approx...----- 0.03 0.03 of 8.139 centistokes and in the Ryder gear machine gave

Ryder Gear, Pounds.. . .weeeeeeen 4,345,5800+ | 2870,2870 1504 carrying capacities of 5260 and 4450 lbs. In the

45 case of a similarly thickened fluid in which my titanium
. . . additive concentrate was replaced with an additional
Thus, the addltlpn 9f tricresylphosp h?te’ along w1'th my amount of Plexol 201 (givingpa total Plexol 201 content
OGT polymer tltgmurp agent,‘ to a diester base oil con- of 73.5 weight percent), the product had a viscosity at
taining free sebacic acid materially decreased the extreme 210° F £ 8111 i t, X d the Ryd test
perti he lubricant. Tricresylphosphate oL e centistokes and on the Kycer gear les
pressure properties of the i YiPRosp 50 machine indicated a load carrying capacity of 3440 and
18 zgldflzig‘izii e?(;g?::l?egris},lsél rzo?rgleg:.itions of this in- 3530 lbs. From these data it is seen that my titanium
> pre y o P . d additive increased the load carrying capacity of the ester
vention can contain agents other than the l?ase oil an thickened lubricant about 900 to 1800 Ibs. on the Ryder
my titanium additives. As an example various organic test machine .
or inorganic thickeners can be added and if desired suffi- o .. .
et o e Hckenr can be usd o provide a lubrcant 55 M vl sontaining stems s ddfives o
of grease qonms-tency. A grease of good co}or, body a nd of a synthetic ‘base oil and a mineral lubricating oil.
load carrying capacity can be made by ac_ldmg 10 welgh; These blends can contain any desired amounts of the
g:,;ceg{; ;ferh(t)%ug?agfe?éa;? tsngle?{.(;jl %ellghtrrg:rg;l; ‘:’)ﬂ separate oils, as an example it might be desirable to use
po’y P . S : a blend having as little as about 1 to 10 volume percent
of > uch .lgreasgs canha1§ 0 b-e corlnp _rllsgld odf mineral lubri- 60 of the synthetic oil. Three tenths weight percent of the
cating oils and synthetic-mineral oil blends. : .
. To illustrate that my titar}jum additives can impart gglly?ve;;fifg‘;i?grl;e)é airrlld :’%?;}Cg:g;giﬁn;:fr(ﬁi?;{
increased load carrying cap acity even to t.hxckened lu]a e solvent treated neutral oil having a viscosity of 50 to 55
cants a composition was p{epared containing 72.7 we{ght SUS at 100° F. and a viscosity index of 95. This com-
percent Plexo! 201, 26 weight percc_ent.of an ester th}c,k— 65 position along .with a blend of the minera:l oil with 5
;I;:‘l;;n? % xévelljghgogfg%eggop h;?g t3122$:§g££032rc31:g2; weight percent Plexol 201 containing no titanium addi-
the polymer concentrate of Example IV. The ester tive w6er; tested mlt(l)lg Tlmkzn Il‘_zé] \gggc}og P;?lged;ég
thickener was prepared by charging to a 50-liter flask for 1, ours at 100 pounds ‘oad,
equipped with a metal paddle, stirrer, azeotrope trap and 70 I-P-M.S. The titanjum-containing composition gave a
condenser having a thermocouple extending into the flask total test cup and block wear of only 34.4 milligrams.
contents, 12,120 grams of sebacic acid, 9,000 grams of The cup and block were bright and polished and. the
polypropylene glycol 150, 7,000 grams of xyleme and absence of ridging evid.en.ced a lack of S}lrface ffmgue.
110 grams of paratoluene sulfonic acid. The solution The composition containing only the mmeral. oil g.nd
was reacted a total of 10 hours at temperatures _ran_ging 75 Plexel 201 failed in one minute after the break-in period
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and the test was stopped. The break-in was run for 30
minutes at 200 r.p.m.’s and 50 pounds load with the fluid
starting at room temperature.

The effectiveness of my extreme pressure additives in
mineral lubricating oils was illustrated in a series of tests
reported in Table VIIL

Table VIII

Blend No.

Composition, weight percent:

Minera} Ofl Baset. .______...... 100 99.0 99.6 99.8
Titanium Polymer of Example

XIV. 0.4 0.2

™ t’I‘itanium Polymerof Example X focueeua. 1.0
ests:
Acid No. ASTM-D 664.._...__._ 0.01 0.13 0.07 0,09
‘Wt. Percent Titanium, B 50.4(1]’6 g ggg 2 ggg
2,430 y )y 5

Ryder Gear, pounds............ {330 | 215 50| &%

1 Base mineral oil contained 72 volume percent of 600 SUS at 100° F,
solvent treated Mid-Continent neutral oil and 28 volume percent of
200 STUS at 100° F, solvent treated Mid-Continent neutral oil; the blend
has a viscosity of about 450 SUS at 100° F.

In a composition containing 0.08 weight percent of
Emery’s dimer of linoleic acid, 0.2 weight percent of the
titanium polymer of Example XIV, and the balance
being the mineral oil base of Table VIII, the Ryder gear
rating was about 4900 pounds. Thus, the presence of
the compatible dibasic acid in the mineral oil base gave
some improvement in load carrying properties of the oil
containing my titanium additive in an amount to afford
about 0.03 percent titanium.

This application is a continuation-in-part of my applica-
tion Serial No. 579,140, filed April 19, 1956, and now
abandoned.

It is claimed:

1. A composition consisting essentially of a base oil
of lubricating viscosity, a sufficient amount to enhance
the load carrying capacity of an additive material se-
lected from the group consisting of base oil-compat-
ible products formed by the reaction of a titanium
tetraester with a glycol containing from 2 to about 24
carbon atoms, said titanium tetraester and glycol react-
ing in the ratio of about % to 4 moles of glycol to each
mole of titanium tetraester, and the base oil-compatible
polymers thereof, and an amount of a base oil-compatible
dibasic acid sufficient to provide increased load carrying
capacity to the composition.

2. The composition of claim 1 in which the glycol is
a 1,3-diol.

3. The composition of claim 1 in which the titanium
additive material is about 0.1 to 2 weight percent of the
composition,

4. The composition of claim 1 in which the titanium
additive material is a titanium tetraester-glycol polymer
formed by heating in the presence of water.

5. The composition of claim 1 in which the titanjum
additive is in an amount to provide up to about 0.1 weight
percent of titanium and in which there is present about
0.005 to 1.0 weight percent of the dibasic acid.

6. The composition of claim 1 in which the base oil is
a diester.

7. The composition of claim 6 in which the titanium
content is up to about 0.05% by weight of the composi-
tion and the dibasic acid is about 0.01-0.1% by weight
of the composition.

8. The composition of claim 6 in which the dibasic
acid has 2-12 carbon atoms.

9. The composition of claim 8 in which the reaction
is with about 2 to 4 moles of a glycol containing about
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5-12 carbon atoms to each mole of titanium tetraester,
and in which the titanjum content is up to about 0.1%
by weight of the composit’on and the dibasic acid is
about 0.01-0.1% by weight of the composition.

10. The composition of claim 9 in which the titanium
content is up to about 0.05% by weight of the composi-
tion and the dibasic acid has the formula COOH(CH,) -
COOH where n is a number from 4 to 8.

11. The composition of claim 10 where the glycol is a
1,3-diol.

12. The composition of claim 11 where the base oil is
di-(2-ethylhexyl)-sebacate.

13. A composition consisting essentially of a diester
synthetic organic base oil of lubricating viscosity and a
sufficient amount to enhance the load carrying properties
of an additive material selected from the group consist-
ing of base oil-compatible products formed by the re-
action of a titanium tetraester with a glycol containing
from about 5 to 12 carbon atoms, said titanium tetraester
and glycol reacting in the ratio of about 2 to 4 moles of
glycol to each mole of titanium tetraester, and the base
oil-compatible polymers thereof, and an amount of a base
oil-compatible dibasic acid sufficient to provide increased
load carrying capacity to the composition.

14. The composition of claim 13 in which the glycol
is a 1,3-diol.

15. The composition of claim 13 in which the titaniam
additive material is about 0.1 to 2 weight percent of
the composition.

16. The composition of claim 13 in which the titanjum
additive material is a titanium tetraester-glycol polymer
formed by heating in the presence of water.

17. The composition of claim 13 in which the titanium
additive is in an amount to provide up to about 0.1
weight percent of titanium and in which there is present
about 0.005 to 1.0 weight percent of the dibasic acid.

18. A composition consisting essentially of a diester
synthetic organic base oil of lubricating viscosity having
added thereto a sufficient amount to enhance the load-
carrying properties of a base oil-compatible dibasic acid
in the amount of about 0.01 to 0.1% by weight of the
total composition and an additive material selected from
the group consisting of base oil-compatible products
formed by the reaction of a titanium tetraester with a
glylcol containing from about 5 to 12 carbon atoms said
titanium tetraester and glycol reacting in the ratio of
about 2 to 4 moles of glycol to each mole of titanium
tetraester, and the base oil compatible polymers thereof,
in an amount sufficient to enhance the load-carrying
capacity and to supply up to about 0.1% by weight of
titanium to the total composition.

19. A lubricating composition consisting essentially of
di-(2-ethyhexyl)sebacate as the base oil, about 0.1 to
2 weight percent of a base oil-compatible, additive formed
by the reaction of a titanium tetraester with 2-ethyl-1,3-
hexanediol, said titanium tetraester and diol reacting in
the ratio of about 4 moles of diol to each mole of titanium
tetraester, said additive being sufficient to supply up to
about 0.1% by weight of titanium to the total composi-
tion and about 0.01 to 0.1 weight percent of sebacic
acid.

20. A lubricating composition consisting essentially
of di-(2-ethylhexyl) sebacate as the base oil, about 0.1 to
2 weight percent of a base oil-compatible, additive formed
by reacting a titanium tetraester with 2-ethyl-1,3-hex-
anediol, said titanium tetraester and diol reacting in the
ratio of about 4 moles of diol to each mole of titanium
tetraester, and then heating the product of this reaction
in the presence of water, said additive being sufficient to
supply up to about 0.1% by weight of titanium to the
total composition and about 0.01 to 0.1 weight percent
of sebacic acid.

(References on following page)
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