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molecular adsorption on metal surfaces followed by a chemical reaction with the
metal to form a sacrificial barrier exhibiting reduced friction between the rubbing
metal surfaces. In the viewpoint of this action, the effectiveness as load-carrying
agent is determined by the surface activity imparted by a polar functionality of a
load additive, and its chemical reactivity toward the metal; these features can
lead to a severe corrosion if not controlled or prevented until extreme pressure
conditions prevail. As a result, the most effective load additives carry delete-
rious side effects on other key turbo oil performances: e.g., corrosion, increased
deposit forming tendency and elastomer incompatibility.

DESCRIPTION OF THE PRIOR ART

US Patent 4,140,643 discloses nitrogen- and sulfur-containing
compositions that are prepared by reacting a 2,5-dimercapto-1,3,4-thiadiazole
(DMTD) with oil-soluble dispersant and subsequently reacting the intermediate
thus formed with carboxylic acid or anhydride containing up to 10 carbon atoms
having at least one olefinic bond. The resulting compositions are claimed to be
useful in lubricants as dispersant, load-carrying additive, corrosion mhibitor, and
inhibitors of Cu corrosivity and lead paint deposition.

US Patent 5,055,584 discloses maleic derivative of DMTD to be
used as antiwear and antioxidant in lubricating composition.

US Patent 4,193,882 is directed to improved corrosion inhibiting
lube composition that contains the reaction product of DMTD with oleic acid.



having at | east one olefinic bond. The resulting conpositions are clainmed
to be useful in lubricants as dispersant, |oad-carrying additive, corrosion
inhibitor, and inhibitors of Cu corrosivity and | ead paint deposition. US
Pat ent 5, 055,584 di scloses naleic derivatiye of DMID to be used as anti wear
and antioxidant in lubricating conmposition® US Patent 4,193,882 is directed
to inproved corrosion inhibiting |ube conposition that contains the
reaction product of DMID with ol ei c acid. - 2- Oher references which
teach the use of DMID derivatives in |ube conposition to inprove one or

several of performance aturgs (anti r rene re,.corrosi

i nhi bition, antioxi dancé)&e&rﬁ{%ﬁ?‘wﬁWl\gggiﬁcﬁﬁﬁgsﬁ?§§3ﬁ§4&% Fifb?‘&%,
US 5, 205, 945, cdifipbsificn 1@ irdprive oS dr, sevexal bf pelfbrmddhtefodtures @Gintiswaed t o | ube
conposition or .additi 0 rate . LSRG | -k ' d
| oad- carryi nge’%\‘t '% f’%,eéguf%bﬁﬁﬁ%r}f’ﬁ%@glﬁ% a%%ﬁ’?lgrgﬁé oagé or%ﬁ@?hgﬁf’aqg

ani no- succi na2,83656d; USo%,126,396, UdhS,B8085.945, WHS, Ant,2h2 and A5S1 S| 5847 31di ti ves
i ncl ude nmono- or di-hydrocarbyl phosphate or phosphite with the al kyl

radi cal containing up to Cl2 or an_amne salt of such a conpound or a

m xture of these; or nokB-438s464 isyrested toylnbe compREILOn Ar addsiyeconpentrate
hydrocarbon (&Emprisiely@adtal-fre@aptiwear Kod RyadlcarB/itig additives oontaiddip salfuan

amne and/or phosphorous, and an amino-succinate ester corrosion inhibitor. The
antiwear and load additives include mono- or di-hydrocarbyl phosphate or
phosphite with the alkyl radical containing up to C2 or an amine salt of such a
compound or a mixture of these; or mono- or dihydrocarbyl thiophosphate where
the hydrocarbon (HC) radical is aryl, alkylaryl, arylalkyl, or alkyl or an amine
salt thereof; or trihydrocarbyl dithiophosphate in which each HC radical is
aromatic, alkylaromatic, or aliphatic; or amine salt of phosphorothioic acid;
optionally with a dialkyl polysulfide and/or a sulfurized fatty acid ester.

US 4,130,494 discloses a synthetic ester lubricant composition
containing ammonium phosphate ester and ammonium organo-sulfonate,
especially useful as aircraft turbine lubricants. The afore-mentioned lubricant
composition have good extreme pressure properties and good compatibility with
silicone elastomers.

US 3,859,218 is directed to high pressure lube compositions
comprising a major portion of synthetic ester and a minor portion of load-bearing
additive. The load-carrying additive package contains a mixture of a quarternary
ammonium salt of mono-(C-Cy4) alkyl dihydrogen phosphate and a quarternary
ammonium salt of di-(C-Cy4) alkyl monohydrogen phosphate. In addition to the
improved high pressure and wear resistance, the lubricant provides better
corrosion resistance and causes less swelling of silicone rubbers than known oils
containing amine salts of phosphoric and thiophosphoric acids.

DETAILED DESCRIPTION

A turbo oil having unexpectedly superior load-carrying capacity
comprises a major portion of a synthetic base oil selected from diesters and
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under the extreme pressure conditions represented by high temperature
(> 300°C), highly stressed metal surface, and deficient O7, they may interact to
promote the molecular breakdown to metal sulfide and phosphate, and to
enhance their adsorption on the metal surface.

The diester that can be used for the high load-carrying turbo oil of
the present invention is formed by esterification of linear or branched Cg-C15
aliphatic alcohol with one of such dibasic acids as adipic, sebacic or azelaic
acids. Examples of diesters are di-2-ethylhexyl sebacate and dioctyl adipate.

The preferred synthetic base stock which is synthetic polyol ester
base oil is formed by the esterification of an aliphatic polyol with carboxylic
acid. The aliphatic polyol contains from 4 to 15 carbon atoms and has from 2 to
8 esterifiable hydroxyl groups. Examples of polyol are trimethylolpropane,

pentaerythritol, dipentaerythritol, neopentyl glycol, tripent aerythritol and
mixtures thereof.

The carboxylic acid reactant used to produce the synthetic polyol
ester base oil is selected from aliphatic monocarboxylic acid or a mixture of
aliphatic monocarboxylic acid and aliphatic dicarboxylic acid. The carboxylic
acid contains from 4 to 12 carbon atoms and includes the straight and branched
chain aliphatic acids, and mixtures of monocarboxylic acids may be used.

The preferred polyol ester base oil is one prepared from technical
pentaerythritol and a mixture of C4-C17 carboxylic acids. Technical penta-
erythritol is a mixture which includes about 85 to 92% monopentaerythritol and
8 to 15% dipentaerythritol. A typical commercial technical pentaerythritol
contains about 88% monopentaerythritol having the structural formula
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The technical pentaerythritol may also contain some tri and tetra pentaerythritol
that is normally formed as by-products during the manufacture of technical

pentaerythritol.

The preparation of esters from alcohols and carboxylic acids can
be accomplished using conventional methods and techniques known and familiar
to those skilled in the art. In general, technical pentaerythritol is heated with the
desired carboxylic acid mixture optionally in the presence of a catalyst.
Generally, a slight excess of acid is employed to force the reaction to comple-
tion. Water is removed during the reaction and any excess acid is then stripped
from the reaction mixture. The esters of technical pentaerythritol may be used
without further purification or may be further purified using conventional
techniques such as distillation.

For the purposes of this specification and the following claims, the
term "technical pentaerythritol ester" is understood as meaning the polyol ester
base oil prepared from technical pentaerythritol and a mixture of C4-Cyp
carboxylic acids.

As previously stated, to the synthetic oil base stock is added a
minor portion of an additive comprising a mixture of amine phosphate and
ATAA.



The carboxylic acid reactant used to produce the synthetic polyol ester
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where R and R are the same or different and are Cj to C{ linear or branched

chain alkyl
R1 and Ry are H or C1 to Cj2 linear or branched chain alkyl

R3 is C4 to C17 linear or branched chain alkyl, or aryl-R4 or Rg4-aryl
where Ry is H or C1-C7 alkyl, and aryl is Cg.

The preferred amine phosphates are those wherein R and R are
C1-Cg alkyl, and R and R7 are H or Cy to Cy4 alkyl, and R3 is aryl-R4 where
R4 is linear chain C4-C12 alkyl, or R3 is linear or branched chain Cg-C12 alkyl.

The molar ratio of monoacid to diacid phosphate in the commercial
amine phosphates used in this invention ranges from 3:1 to 1:3.

The mixed mono-/diacid phosphate and just the diacid phosphate
can be used with the latter being the preferred.

The amine phosphates are used in an amount by weight in the
range 50 to 300 ppm (based on base stock), preferably 75 to 250 ppm, most
preferably 100 to 200 ppm amine phospate.

Materials of this fype are available commercially from a number of
sources including R.T. Vanderbilt (Vanlube series) and Ciba Geigy.
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The final reaction product has the structural formula:

PN

where:  Rj is the linear or branched chain C1 to Cy5 alkyl while Rg is the
linear C to Cg alkyl.

COOH

The preferred ATAA are those wherein Rg is Cg to C12 linear
chain alkyl and R¢ is C to Cy4 alkyl.

The ATAA is used in an amount by weight in the range 100 to
1000 ppm (based on polyol ester base stock), preferably 150 to 800 ppm, most
preferably 250 to 500 ppm.

The mixture of amine phosphate and ATAA is used in a total
amount in the range 150 to 1300 ppm (based on polyol ester base stock),
preferably 225 to 1050 ppm, most preferably 350 to 700 ppm.
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foamants, antiwear agents, corrosion inhibitors, hydrolytic stabilizers, metal
deactivator, detergents. Total amount of such other additives can be in the range
.5 to 15 wt%, preferably 2 to 10 wt%, most preferably 3 to 8 wt%.

Antioxidants which can be used include aryl amines, e.g., phenyl-
naphthylamines and dialkyl diphenyl amines and mixtures thereof, hindered
phenols, phenothiazines, and their derivatives.

The antioxidants are typically used in an amount in the range 1 to
5%.

Antiwear additives include hydrocarbyl phosphate esters,
particularly trihydrocarbyl phosphate esters in which the hydrocarbyl radical is
an aryl or alkaryl radical or mixture thereof. Particular antiwear additives
include tricresyl phosphate, t-butyl phenyl phosphates, trixylenyl phosphate, and
mixtures thereof.

The antiwear additives are typically used in an amount in the range
0.5 to 4 wt%, preferably 1 to 3 wt%.

Corrosion inhibitors include, but are not limited to, various
triazols, e.g., tolyl triazol, 1,2,4-benzene triazol, 1,2,3-benzene triazol, carboxy
benzotriazole, alkylated benzotriazol and organic diacids, e.g., sebacic acid.

The corrosion inhibitors can be used in an amount in the range
0.02 to 0.5 wt%, preferably 0.05% to 0.25 wt%.

Lubricating oil additives are described generally in "Lubricants and
Related Products” by Dieter Klamann, Verlag Chemie, Deerfield, Florida, 1984,



ATAA, the sulfur containing additive used in this invention, is nade by a
two step reaction. First, 2,5-dinercapto-1,3,4-thiadiazole (DMID) is
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ppm nmost prefar ahl%aInibo Sils AR have been added the load-carrying additive of the
present invention consisting of a synergistic mixture of the amine phosphate and
the ATAA. This represents a significant improvement in antiscuffing protection
of heavily loaded gears from FLS 4 obtained by the same formulations without
the amine phosphate and the ATAA, or from FLS 5 or 7/8 achieved with one of
these two additives used alone at a weight percent greater than the total
combination additive treat rate.

The present invention is further described by reference to the
following non-limiting examples.

EXPERIMENTAL

In the following examples, a series of fully formulated aviation
turbo oils were used to illustrate the performance benefits of using a mixture of
the amine phosphate and ATAA in the load-carrying, OCS and Si seal tests. A
polyol ester base stock prepared by reacting technical pentaerythritol with a
mixture Cs to C1g acids was employed along with a standard additive package
containing from 1.7-2.5% by weight aryl amine antioxidants, 0.5-2% tri-aryl
phosphates, and 0.1% benzo or alkyl-benzotriazole. To this was added various
load-carrying additive package which consisted of the following:

1) Amine phosphate alone: Vanlube 692, a mixed mono-/di-acid
phosphate amine, sold commercially by R.T. Vanderbilt.

2) ATAA alone: this particular ATAA was prepared by reacting a
DMTD with dodecyl bromide and subsequently reacting the thus formed
intermediate with bromoacetic acid. Both reaction steps are carried out under
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These oils were evaluated in a more severe FZG gear test than the
industry standard test to measure the ability of an oil to prevent scuffing of a set
of moving gears as the load applied to the gears is increased. The "severe" FZG
test mentioned here is distinguished from the FZG test standardized in DIN 51
354 for gear oils in that the test oil is heated to a higher temperature (140 versus
90°C), and the maximum pitch line velocity of the gear is also higher (16.6
versus 8.3 m/s). The FZG performance is reported in terms of FLS, which is
defined by a lowest load stage at which the sum of widths of all damaged areas
exceeds one tooth width of the gear. Table 1 lists Hertz load and total work
transmitted by the test gears at different load stages.

TABLE 1
Load Stage Hertz Load (N/mm?2) Total Work (kWh)
1 146 0.19
2 295 0.97
3 474 2.96
4 621 6.43
5 773 11.8
6 927 19.5
7 1080 29.9
8 1232 43.5
9 1386 60.8
10 1538 82.0

The OCS [FED-STD-791; Method 5308 @ 400°F] and Si seal
[FED-STD-791; Method 3433] tests used here to evaluate the turbo oils were run



The antiwear additives are typically used in an anmount in the range 0.5 to
4 w% preferably 1 to 3 w% Corrosion inhibitors include, but are not
limted to, various triazols, e.g., tolyl triazol, 1,2,4-benzene triazol,
1, 2, 3-benzene triazol, carboxy benzotriazo%f, al kyl ated benzotriazol and
organi c diacids, e.g., sebacic acid. The tcorrosion inhibitors can be used
in an anount in the range 0.02 to 0.5 W% preferably 0.05%to 0.25 w%
Lubricating oil additives are described generally in "Lubricants and
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TABLE 2
Load Additives Severe FZG FLS
None 5
0.02 wt% Vanlube 692 (VL 692) 5
0.10 wt% ATAA 5
0.10 wt% VL 692 7 or 8
0.05 wt% ATAA + 0.02% VL 692 9

Table 2 demonstrates that the combination of the amine phosphate
and the ATAA produces an improvement in the load-carrying capacity greater
than that attained by each additive used alone at a treat rate higher than the total
P/S combination treat rate, As signified by the more than double Hertz load
exerted at load stage 9 as compared that at load stage 4 (see Table 1), the load-
carrying advantage obtained by the amine phosphate/ATAA combination is
substantial.
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protection of heavily | oaded gears from FLS 4 obtained by the sane
formul ati ons without the am ne phosphate and the ATAA, or fromFLS 5 or 7/8
achieved with one of these two additives used alone at a wei ght percent
greater than the total conbination additive treat rate. The present
invention is further described by reference to the following non-limting
exanpl es. EXPERI MENTAL In the foll ow ng E&éhples, a series of fully

fornmul ated aviation turbo oils were used to illustrate the performance
benefits of using a m xture of the am ne phosphate and ATAA in the

| oad-carrying, OCS and Si seal tests. A polyol ester base stock prepared by
reacting technical pentaerythritol with a mxture [err] to [err] acids was
enpl oyed along with a standard additive package containing from1l.7-2.5% by
wei ght aryl am ne antioxidants, 0.5-2%tri-aryl phosphates, and 0. 1% benzo
or al kyl -benzotriazole. To this added various |oad-carrying additive
package whi ch consisted of the &ﬁ% 0WkNg:w»nl) Anmiepe phosphate al one: Vanl ube
692, a m xed nono-/di-acid phosphate @m ng, sol comercially by RT.
Vanderbilt. 2) ATAA alone: thi < ticul af ATAAMas prepared by reacting a
DMID wi t h dodecyl brom de and su quently reacting thed hus forned

internediate with bronpacetic acid. Both reaction stepsé?re carried out
under

A Cu
(mg/cm?)

-0.07
- 0.08

<
=
+1

n or corrosion st

The synergism of the present invention is for load carrying not for oxidatio
This test data is presented to show that there is no debit associated in using

the mixture.

TABLE 3
MIL-23699-OCS TEST @ 400°F
Sludge
(mg/100 cc)
0.7
2.3
50

A TAN
mg KOH/g oil
0.83
0.22
3

% Vis
Change
14.45
8.94
-5-25

Load Additives
0.05% ATAA+
0.02% VL 692
---- Limits -=--

None




-9 - ethanol reflux in the presence of potassium hydroxide. The final
product is recovered as a solid by diluting the reaction m xture with water
followed by filtration and is purified by recrystallization using ethanol.
3) Conbi nation (present invention): the conbination of the two materials
described in (1) and (2). These oils were Braluated in a nore severe FZG
gear test than the industry standard test to neasure the ability of an oil
to prevent scuffing of a set of noving gears as the |oad applied to the
gears is increased. The "severe" FZG teTABIE®Y oned here is distinguished
fromthe FZG test standardized in DIN 5T 354 for gear oils in that the test
oil is heated to a higher t erature (140 sus, [err nd the maxi num
pitch line velocity of the Sggﬁfégmaay@%&ﬁé Oﬁﬁgﬁa@(g 8.3 m's). The
FZG performance is reported in ternms of FLS, which is defined by a | onest

| oad stage at which the sumof widths of all damaged areas exgepdfilene

tooth width of the g élists Hertz | pad dtotalgmaa_s&
transmtted by eﬁadlﬂﬁ.jcfve ' ent Ieé—g-&gges. TA Los age
1218

Hertz Load [ errifone Total Work (kwh) 1 13.1

0.19 2 0.1% VL 692 29° 39 0.97 84.4
0.02% VL 692 7.8 28.7
0.05% ATAA +0.02% VL 692 8.1 22.7
——ememememem= SpEC --m-memmeeem 5-25 <30

Tables 3 and 4 show that the turbo o1l containing the synergistic
S/P load additive system also meets or exceeds the OCS and Si seal requirements
whereas 0.1% VL 692 fails the Si seal test and achieves an inferior FZG load
performance to that of the P/S combination used at the total additive treat rate of
0.07% (Table 2).

The present invention also teaches the importance of selecting the
right "capping agent" to react with both mercaptans of a DMTD molecule. As
shown in Table 5, there is a direct trade-off between the load activity and Cu
corrosivity associated with DMTD and its derivatives. For instance, DMTD,
per se, while highly effective as load-carrying agent, is very corrosive to Cu
whereas the DMTD derivatives (1 and 2) other than the ones of the present
invention, while benign to Cu, do not offer the load-carrying benefit and DMTD
derivative (3) offer same load carrying benefit but does not meet Cu corrosion
limit.



3 | 474 2.96 4

621 6.43 5 773

11.8 6 927 19.5 7

1080 29.9 8 1232

43.5 9 1386 -13- 60.8 10

1538 82.0 The OCS [FED- STD-791; Method 5308 @/[err]]
and Si seal [FED- STD 791; Method 3433] tests used here to evaluate the
turbo oils were run -10- under the sTABIg 8 conditions as required by

the Navy M L-L-23699 specifica- tion. The results fromthe severe FZG Si
seal and OCS tests are shown in Tables 2, 3 and 4, respectively. The wt %
concentrations (based on the polyol ester base stock) of theéﬁéy}i

phosphat e and ATAA, either_ used alone or in conbination are i fied
in the tables. TABLE 2 LoathAdddivesves FZG FLSsever e (@Igicm?

0.05 wt% DMTD (underivatized) 8 or 9 - 1.33

0.1 wt% DMTD Derivative(1) 4 -0.02

0.1 wt% DMTD Derivative(2) 4 -0.01

0.10 wt% DMTD Derivative(3) 5 < -0.58

0.05 wt% DMTD Derivative(3) + 7 -0.58

0.02 wt% Vanlube 692

0.05 wt% ATAA + 0.02 wt% VL 692 9 -0.08

(1) DMTD with both mercaptans capped with C1 alkyl chains
(2) DMTD with both mercaptans capped with C3 alkylaryl
(3) DMTD with both mercaptans capped with ester groups

The criticality of the substituent to the DMTD molecule is also
illustrated in Table 6. The DMTD derivative mentioned here is 2-(1-carboxyl-
tridecanylthio)-1,3,4-thiadiazole-5-thione (CTDT) where the COOH group and
long alkyl chain coexist at a-carbon to S. Unlike ATAA (see Table 3), CTDT
caused an excessive sludge formation and unacceptably high oil viscosity
increase and Cu loss.



None 5 0.02 wt % Vanl ube 692 (VL
692) 5 0. 10 wt % ATAA 5 0.10
wt % VL 692 7 or 8 0.05 wt % ATAA + 0.02% VL 692

9 Table 2 denpbnstrates that the conbination of the am ne phosphate and the
ATAA produces an inprovenent in the |oad-carrying capacity greater than
that attai ned by each additive used al oneldat a treat rate higher than the
total P/'S conmbination treat rate. As signified by the nore than double
Hertz | oad exerted at | oad stage 9 as conpared that at | oad stage 4 (see
Table 1), the | oad- carrying advantage obtai ned by the am ne phosphat e/ ATAA

conbi nation is substantial. -12 - TABLE 4 Si Seal Conpatibility (96
hour test at [err]) % Tensile
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Load Additives A Swel | Strength Loss None

13.1 10.3 0.1% VL 692 3.9

84.4 0.02% VL 692 7.8 28.7 0.05%
ATAA + 0.02% VL 692 8.1 15 22.7 -------- Spec
---------- 5 -25 "' 7 <30 Tables 3 and 4 show t hat

the turbo oil containing the synergistic S/P |oad additive system al so
neets or exceeds the OCS and Si seal requirenents whereas 0. 1% VL 692
fails the Si (yegiMBgest and achieves an inferior FZG |oad performance to
that of the P/'S conmbination used at the total additive treat rate of 0.07%
(Table 2). The present invention also teaches the inportance of selecting
the right "capping agent." tA tuzcoil somiprisinga meajerqmenst affa basei®kiol ecul e.

As shown in T lﬁ%ﬁi activity
and Cu corroéa%ﬂ?ﬁggg‘g Aaf ggr b (ﬂw%ﬂ%&é It gﬂlggflﬁi\{;{gtﬁ?tvéf;fddlﬁ@& st.ance,
DMID, per se cowtpnsengagmmwre &ﬂkykhl@s B nyatkganic aql‘g(ﬁtgf’)
corrosive to Mﬁﬁﬁﬁ? ?fn KD derivatives (1 and 2) other than the ones
of the present inventi ile benign to Cu, do not offer the

| oad- carrying benefit and DMTD deri vative (3) offer same | oad carrying
benefit but does not nmeet CThedirbosdibof ¢laim tl. wherein the 2-alkylthio-1,3,4-

thiadiazole-5-alkanoic acid is represented by the structural formula

AN

where Rs is linear or branched C1-C15 alkyl and Rg is linear C1-Cg alkyl.

COOH

3.  The turbo oil of claim 1 wherein the amine phosphate and
the ATAA are used in a weight ratio of 1:1 to 1:10.

4.  The turbo oil of claim 3 wherein the amine phosphate is of
the structural formula

OR'—P—0" |R—N—R3

or

A, 0 OV



-, 13 - TABLE 5 OCS A Cu Load Additives FZG FLS [err]

0. 05 wt % DMID (underi vati zed) 8 or 9 - 1.33 0.1 wt% DMID
Derivative(l) 4 - 0.02 0.1 W% DMID Derivative(2)
4 - 0.01 0.10 wt%Dl\/rI'DDerlvatlve(B) 5 < -
0.58 0.05 wt % DMID Derivative(3) + -16- - 0.58 0.02 w %
Vanl ube 692 0.05 wt % ATAA + 0.02 wt % VL 692 9 - 0.08 (1)

DMID wi th both nercaptans capped with [err] alkyl chains (2) DMID with both
mer captans capped with [err] allylgryl (3)-DMjp with both nercaptans capped
with ester groups The criticality §f the substjtuent to the DMID nol ecul e
is also illustrated in Table 6. Thg DMID derivptive| nentioned here is

2- (1-carboxyl - tridecanylthio)-- 4-hhi adhazc g];ga- hi one (CTDT) where the
COOH group and | ong al kyl chai n cogxi St af Per ]-Carbon to S. Unlike ATAA
(see Table 3), CTIDT caused an exce$si ve sl udge[for tion and unacceptably
hi gh oil viscosity increase and Cuohoss. L R, ”

where R and R1 are the same or different and are C1 to Cq2 linear or
branched chain alkyl;

Rt and Ry are H or C{-Cj linear or branched chain alkyl;

R3 is C4 to C2 linear or branched chain alkyl or aryl -R4 or R4-aryl
where R4 is H or C{-C7 alkyl, and aryl is Cg.

5.  The turbo oil of claim 1 wherein the ATAA is present in an
amount by weight in the range 100 to 1000 ppm and the amine phosphate is

present in an amount in the range 50 to 300 ppm (all based on base stock).

6.  The turbo oil of claim 1 wherein the amine phosphate and
the ATAA are used in a weight ratio of 1:1.5 to 1:5.

L
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CLAI MS: 1. A turbo oil conprising a major anpunt of a base

stock suitable for use as a turbo oil base stock and a mnor anpunt of
addi tives conprising a mxture of 2-alkylthio-1,3,4-thiadi azol e-5-al kanoi ¢
acid (ATAA) and an am ne phosphate. 2. The turbo oil of claim1 wherein
the 2-al kylthio-1, 3,4- thiadiazol e-5-al Katloi c acid is represented by the

structural

formula [err] where [err] is linear or branched [err] alkyl

[err] is linear [err] alkyl. 3. The turbo oil of claim1 wherein the
ani ne phosphate and the ATAA are usedABSTRA€Tght ratio of 1:1 to 1:10. 4.
The turbo oil of claim3 wherein the am ne phosphate is of the structur

formula [err] HIGH LOAD-CARRYING TURBO OILS

CONTAINING AMINE PHOSPHATE AND
2-ALKYLTHIO-1.3.4-THIADIAZOLE-5-ALKANOIC ACID

This invention relates to synthetic based turbo oils, preferably
polyol ester-based turbo oils which exhibit exceptional load-carrying capacity by
use of a synergistic combination of sulfur (S)-based and phosphorous (P)-based
load additives. The S-containing additive of the present invention is 2-alkylthio-
1,3,4-thiadiazole-5 alkanoic acid (ATAA) obtained by reacting 2,5-dimercapto-
1,3,4-thiadiazole (DMTD) with alkyl bromide and subsequently reacting the
intermediate with haloalkanoic acid. The P-containing additive is one or more
amine phosphate(s). The turbo oil composition consisting of the dual P/S
additives of the present invention achieves a superior load-carrying capacity over
that obtained when each additive was used alone at individual treat rates higher
than the total additive combination treatrate, and also meets or exceeds US Navy
MIL-L-23699 requirements including Oxidation and Corrosion Stability and Si
seal compatibility.

and

al



-16- [err] where R and Rl are the same or different and re*['lé"}ct‘ﬁ"’% [SE’FFT
| i near or branched chain alkyl; [err] and [err] are H or lﬁ % I13emyo1gg7
branched chain alkyl; R3is C4 to C 12 linear or branched] lc %{ n-atkyror:

aryl [err] or [err]- aryI where [err] is Hor [err] alkyl, and aryl 1s
[err]. 5. The turbo oil of claim1 wheret A the ATAA is present in an
anount by weight in the range 100 to 1000 ppm and the am ne phosphate is
present in an abidGht LOAD-GARRY, URBO 1l SO ONTA ).
6. The turbo oil oAND &MKY\IH&H@]-h&%&THADiAZ@M%@JMIéANﬁHCtM@ID\TAA are

used in a weight ratio of 1:1.
ACKGROUND OF THE INVENTION

FIELD OF THE INVENTION

Load additives protect metal surfaces of gears and bearings against
uncontrollable wear and welding as moving parts are heavily loaded or subjected
to high temperatures. Incorporating high load-carrying capacity into a premium
quality turbo oil without adversely impacting other properties can significantly
increase the service life and reliability of the turbine engines.

The mechanism by which load additives function entails an initial
molecular adsorption on metal surfaces followed by a chemical reaction with the
metal to form a sacrificial barrier exhibiting reduced friction between the rubbing
metal surfaces. In the viewpoint of this action, the effectiveness as load-carrying
agent is determined by the surface activity imparted by a polar functionality of a
load additive, and its chemical reactivity toward the metal; these features can
lead to a severe corrosion if not controlled or prevented until extreme pressure
conditions prevail. As a result, the most effective load additives carry delete-

~ rious side effects on other key turbo oil performances: e.g., corrosion, increased
deposit forming tendency and elastomer incompatibility. -

DESCRIPTION OF THE PRIOR ART

US Patent 4,140,643 discloses nitrogen- and sulfur-containing
compositions that are prepared by reacting a 2,5-dimercapto-1,3,4-thiadiazole
(DMTD) with oil-soluble dispersant and subsequently reacting the intermediate
thus formed with carboxylic acid or anhydride containing up to 10 carbon atoms
having at least one olefinic bond. The resulting compositions are claimed to be
useful in lubricants as.dispersant, load-carrying additive, corrosion inhibitor, and
inhibitors of Cu corrosivity and lead paint deposition.

US Patent 5,055,584 discloses maleic derivative of DMTD to be
used as antiwear and antioxidant in lubricating composition.

US Patent 4,193,882 is directed to improved corrosion inhibiting
lube composition that contains the reaction product of DMTD with oleic acid.



