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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 until extreme pressure conditions prevail.
As aresult, the most of effective load additives carry deleterious side effects on
other key turbo oil performances: e.g., corrosion, increased deposit forming
tendency and elastomer incompatibility. '

DESCRIPTION OF THE PRIOR ART

US 4,820,430-A discloses the lubricant composition containing a
copper salt of a propionic acid derivative or an additive prepared by reacting a
suitable thiodipropionic acid derivative with a suitable alcohol or amine-
containing compound to impart multifunctional and antioxidant characteristics.
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| gad additive and its chemcal reactivity toward the netal; these features
cln lead to a severe corrosion if not controlled until extreme pressure
conditions prevail. As a result, the nost of effective |oad additives carry
del eterious side effects on other key turbo oil performances: e.g.,
corrosion, increased deposit formng tendéhcy and el ast oner

I nconpatibility. DESCRI PTION OF THE PRI OR ART US 4, 820, 430- A di scl oses the
| ubri cant conposition containing a copper salt of a propionic acid
‘derivative or an addit 'J@s?,igf’,%?% ?%di?é‘&&& td'ddSriess! af(g@%&s fubirRdhRRRRAN! C
;acid derivative with a Sult’abl’@ al cohol orf _arniné- contal ning _conpound to

i npart nul ti fagdedramio flaidd His lubricantgorappsitien epmprisesa thiodicarboxylic acid,

63, 265, 997- A and plefe@sblgthniieQ) O/afid hydfos888(S) bE MkaliflY Sartld Shéthlsas hydraul ic
fluid. The lubricant conposition conprises a thiodicarboxylic acid, and
preferably am ne(s) or/and hydroxide(s) of alkali(ne earth) netals. JP

63, 210, 194- A di scl oses JPh63,280,194-a0discioses theralaflysindod>adatinety stableilubes
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ester obtained from thiodipropionic acid and tertiary alcohol.

EP 227,948-A discloses a polyolefin stabilizing composition
containing a tris-alkyl-phenyl phosphite (I) and a dialkyl-thio-dipropionate (II).
II synergistically enhances the stabilizing effectiveness of I to improve the melt~
processing and color stability of the polyolefin.

EP 434,464 is directed to lube composition or additive concentrate
comprising metal-free antiwear and load-carrying additives containing sulfur
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 Cj7, 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 aforementioned lubricant
composition have good extreme pressure properties and good compatibility with
silicone elastomers.

US 3,859,218 is directed to high pressure lube composition
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 quaternary
ammonium salt of mono-(C-C4) alkyl dihydrogen phosphate and a quaternary
ammonium salt of di-(C-C4) alkyl monohydrogen phosphate. In addition to the
improved high pressure and wear resistance, the lubricant provides better



EP 227 948- A di scl oses a polyolefin stabilizing conposition containing a
tri s- aIkyI phenyl phosphite (1) and a dial kyl -thi o-di propionate (I11). 11
synergi stically enhances the stabilizing effectiveness of | to inprove the
mel t- processing and color stability of the polyolefin. EP 434,464 is
directed to lube conposition or additive 3oncentrate conprising netal -free
anti wear and | oad-carrying additives containing sul fur and/ or phosphorous,
and an am no-succinate ester corrosion inhibitor. The antiwear and | oad
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carboxylic acid (SCCA).

The diester basestock, which can be used in the high load-carrying
lube composition of the present invention is formed by esterification of linear or
branched Cg to C5 aliphatic alcohols with one of such dibasic acids as sebacic,
adipic, azelaic acids. Examples of diester are di-2-ethyhexyl sebacate, di-octyl
adipate.

The preferred synthetic base stock which is synthetic polyol ester
base oil is formed by the esterification of aliphatic polyols with carboxylic acids.
The aliphatic polyols contain from 4 to 15 carbon atoms and have from 2 to 8
esterifiable hydroxyl groups. Examples of polyols are trimethylolpropane,
pentaerythritol, dipentaerythritol, neopentyl glycol, tripentaerythritol and
mixtures thereof.

The carboxylic acid reactants used to produce the synthetic polyol
ester base oil are selected from aliphatic monocarboxylic acids or a mixture of
aliphatic monocarboxylic acids and aliphatic dicarboxylic acids. The carboxylic
acids contain 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-C12 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



cgnprising a major portion of synthetic ester and a m nor portion of

| oad- bearing additive. The | oad-carrying additive package contains a

m xture of a quaternary amonium salt of nono-[err] al kyl dihydrogen
phosphate and a quatemary anmonium salt of di-[err] al kyl nonohydrogen
phosphate. In addition to the inproved hidgh pressure and wear resistance,
the lubricant provides better -3 - corrosion resistance and cause | ess
swel ling of silicone rubbers than known oils containing am ne salts of
phosphori c and thi ophosphoric acids. DET&H4EOHDESCRI PTI ON A turbo oi
havi ng unexpectedly superior Ioad-carryiqg capacity conprises a nmmjor

portion of a synthetic base oil Sﬁbggﬁgﬂf{&%ﬁisters and pol yol ester

base oil, preferably polyol ester nor portion of a |oad
addi ti ve package conprising a m xture of lami ne phosphat e and sul fur
cont ai ni ng carboxylic acid (SCCA). The dCHg@H basest ock, which can be used
in the high | oad-carrying | ube conposition of the present invention is
formed by esterification of, |inear_qr branched [err] to [err] aliphatic

al cohol s~ wi t angraboyt 13%cof dipsatacrythrtal haymgthp stmetural formula

CHyOH CH,OH

| |
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CH,OH CHOH

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-Cy12
carboxylic acids.

As previously stated, to the synthetic oil base stock is added a
minor portion of an additive comprising a mixture of one or more amine
phosphate(s) and SCCA.



adi pic, azelaic acids. Exanples of diester are di-2-ethyhexyl sebacate,

di -octyl adipate. The preferred synthetic base stock which is synthetic
pol yol ester base oil is formed by the esterification of aliphatic polyols
wi th carboxylic acids. The aliphatic polyals contain from4 to 15 carbon
atonms and have from2 to 8 esterifiable h?droxyl groups. Exanpl es of
polyols are trimethylol propane, pentaerythitol, dipentaerythritol,
neopentyl glycol, tripentaerythritol and m xtures thereof. The carboxylic
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chain aliphatic acids, .an frri xt.ures of nonocarboxylic acids may be used.
The preferre aﬂﬁl%%? FRlayi | i's one prepared from technical
pentaerythritol and a m xture of [err] carboxylic acids. Technical penta-
erythritol is a mxture i ch pLnclyges apout 8hto 92%-nongpentaerythritol
and 8 to 15% di pentaerythjfjitol} A typical] co cial tlechnilcal
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structural formula OR'—P—0" |R—N—R; "O—P—0O R—N—R3

| | |

OR — Ry — OR R, —2

where R and R! are the same or different and are C{ to C12 linear or branched

chain alkyl
R and R are H or Cq to C17 linear or branched chain alkyl

Rj3 is C4 to Cj7 linear or branched chain alkyl, or aryl-R4 or Rq-aryl
where Ry is H or C1-C2 alkyl, and aryl is Cg.

The preferred amine phosphates are those wherein R and Rl are
C1-Cg alkyl, and R and Ry are H or C1-C4, and R3 is aryl-R4 where R4 is
linear chain C4-C13 alkyl or R3 is linear or branched chain Cg-C12 alkyl.

The molar ratio of the mono- and diacid phosphate amine in the
commercial amine phosphates of the present invention ranges from 1:3 to 3:1.
Mixed mono-/di-acid phosphates and just 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 phosphate.

Materials of this type are available commercially from a number of
sources including R.T. Vanderbilt (Vanlube series) and Ciba Geigy.



-4 - [err] and about 12% of dipentaerythritol having the structural fornula
[err] The technical pentaerythritol nmay also contain sone tri and tetra
pentaerythritol that is nornmally forned as by-products during the

manuf acture of technical pentaerythritol. The preparation of esters from

al cohol s and carboxylic acids can be accdnplished using conventional

nmet hods and techni ques known and famliar to those skilled in the art. In
general, technical pentaerythritol is heated with the desired carboxylic
aci d nmixture optional | \SulfurlcbRtahiing SRfRYlicucids art\ieboribed by gld struchudl | ght
excess of acid is enployed to force the reaction to conple- tion. Water is
r enoved duriﬁ@mpﬁ@'reaction and any excess acid is then stripped fromthe
reaction m xture. The esters of technical pent@erythritol may be used )

wi thout further purification or may be further [purified using conventional
techni ques such as distillati ®Ry—Fog—t-he-Ru+pogss—ofORhi s specification and
the following clains, the term"technical pentaerythritol ester" is
under st ood as neani ng the pol yol ester base oil prepared fromtechnical

pentaerythri Wﬂer@?% f a-ﬁﬁraﬁkﬁf, a{'ﬁ,r 611 to Cg alkyl substituted aryl, R' is hydrogen,
Rg is hydrogen, C1-Cj2 alkyl, aryl, C1 to Cg alkyl substituted aryl, or the group
I

—Ry C OR"

and wherein when Rg is
o)
|

~—R;——C——OR"

R5 and R7 are the same or different C{-C12 alkyl, aryl, C1-Cg alkyl substituted
aryl and R' and R" are the same or different and are hydrogen, C1-Cg alkyl
provided that at least one of R' and R" is hydrogen.

Representative of sulfur containing carboxylic acids corresponding
to the above description are mercapto carboxylic acids of the formula

and its various isomers where Rg and R' are as previously defined, preferably Rg
and R' are hydrogen, and thioether carboxylic acids (TECA) of the structural
formula: '

R"O0C—R;—S—R5—COOR'



carboxyl Ic acids. As previously stated, to the synthetic oil base stock is
atided a mi nor portion of an additive conprising a mxture of one or nore
am ne phosphate(s) and SCCA. -5 - The am ne phosphate used incl udes
comerci ally avail abl e nonobasi ¢ am ne salts of m xed nono- and di-acid
phosphat es and specialty am ne salt of t e i aci d phosphate. The nono- and
di -aci d phosphate am nes have the structural forrmula: [err] where R and
[err] are the sanme or different and are [err] to [err] |inear or branched

chain al kyl %ﬁ %&&Rg Arg%?ﬁe%r%ﬂ%ﬁe%ihn&ﬁg%@é@}# 'R'% R

chain al kyl neay_or_branc or [err] where
[err] is H or fé?mFoal Fren‘éﬁﬁdéffi/ orL &frﬁeﬁ@%dlf at es
are those whemdR" & are [err] aI kyI and [err] and [err] are H or
[err] and [err] is aryI where R4 is : '

The preferred TECA are those wherein Rs and R7 are C1-Cy4
linear alkyl and R' and R" are both hydrogen.

The sulfur containing carboxylic acids are used in an amount by
weight in the range 100 to 1000 ppm (based on polyol ester base stock), prefer-
ably 100 to 600 ppm, most preferably 100 to 300 ppm.

The amine phosphate and the SCCA are used in the weight ratio of
1:1 to 1:10, preferably 1:1.5 to 1:5, most preferably 1:2 to 1:3 amine
phosphate:SCCA.

The synthetic oil based, preferably polyol ester-based high load-
carrying oil may also contain one or more of the following classes of additives:
antioxidants, antifoairlants, 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 wi%.

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.



| i near chain [err] alkyl or [err] is linear or branched chain [err] alkyl.
The no|ar ratio of the nobno- and di acid phosphate ami ne in the commerci al
am ne phosphates of the present invention ranges froml1l:3 to 3:1. M xed
nono-/di - aci d phosphates and just diacid phosphate can be used, with the

| atter being the preferred. The anine phosphates are used in an ampunt by
wei ght in the range 50 to 300 ppm (based on base stock), preferably 75 to
250 ppm nost preferably 100 to 200 ppm am ne phosphate. Materials of this

type are avail abl e comﬁ§§ﬁ$%?rg(@gﬁ%g%§%ic£iy6ﬁ$dgﬁﬁ@ ARGUNSn e Rarlge

Vanderbilt (Vanl ube series g ur contai ning
“carboxyl i c adl-d4o 4rvet’acpreferably bio 3me%tructural formula: 0 [err] where
[err] is [err] alkyl, aryl, [err] to [err] alkyl substituted aryl, R is

h is h . J..al kyl |, . L .al kyl

sﬁgg??teﬂt ege;;]yl I sory?r 63%9{5%1{1 1tgrskx¥1clud%,rgut arL.%ro;: Ln;[n%d[t%[L gus y
triazols, e.g., tolyl triazol, 1,2,4-benzene triazol, 1,2,3-benzene friazol, 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,
and also in "Lubricant Additives" by C. V. Smalheer and R. Kennedy Smith,
1967, pages 1-11, the disclosures of which are incorporated herein by reference.

The turbo oils of the present invention exhibit excellent load-
carrying capacity as demonstrated by the severe FZG gear and 4 Ball tests, while
meeting or exceeding the Oxidation and Corrosion Stability (OCS) and Si seal
compatibility requirements set out by the United States Navy in MIL-L-23699
Specification. The polyol ester-based turbo oils to which have been added a
synergistic mixture of the amine phosphate and the sulfur containing carboxylic
acid produce a significant improvement in antiscuffing protection of heavily
loaded gears/balls over that of the same formulations in the absence of the amine
phosphate and the sulfur containing carboxylic acid, and furthermore, attain the
higher load capability than that achieved with one of these two additives used
alone.

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

EXPERIMENTAL
EXAMPLE 1

In the following examples, a series of fully formulated aviation
turbo oils were used to illustrate the performance benefits of using a mixture of



[err] and wherein when [err] is [err] [err] and [err] are the sane or
different [err] alkyl, aryl, [err] alkyl substituted aryl and R and R' are
the sane or different and are hydrogen, [err] al kyl provided that at | east
one of R and R' is hydrogen. Representative of sulfur containing
carboxylic acids corresponding to the abov® description are mercapto
carboxylic acids of the fornula [err] and its various isonmers where [err]
and R are as previously defined, preferably R6 and R are hydrogen and

where [orr] 4agShé ﬂséﬂ*ﬂtémr o i e Rpbasyi, ‘%‘9“’ 9%“’ S ﬁl’?r g A ind

R' are the sawéyt@ilresmrfhaée stock prepased by reacting tephnicalp wihta at

lleast one of dpxuaedCEio @ deidy waeemployed along with a standard addmve 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) TECA alone: exemplified by 3,3'-thiodipropionic acid (a
thioether carboxylic acid, TECA) commercially available from numerous
- chemical suppliers such as Sigma, Aldrich, etc.

3) Combination (present invention): the combination of the two
materials described in (1) and (2).

The load-carrying capacity of these oils was evaluated in 4 Ball
and severe FZG gear tests. The 4 Ball performance is reported in terms of initial
seizure load (ISL) defined as the average of the maximum passing and minimum
failing load values obtained when the load is increased at an increment of 5 Kg.
The failure criterion is the scuffing/wear scar diameter on a test ball to exceed 1
mm at the end of 1 minute run at room temperature under 1500 RPM. The FZG
gear test is an 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 failure load stage (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.



The preferred TECA are those wherein [err] and [err] are [err] linear alKkyl
and R and R' are both hydrogen. The sul fur containing carboxylic acids are
used in an anmount by weight in the range 100 to 1000 ppm (based on pol yol
ester base stock), prefer- ably 100 to 609 ppm nost preferably 100 to 300
ppm The ami ne phosphate and the SCCA are Qj'sed in the weight ratio of 1:1
to 1:10, preferably 1:1.5 to 1:5, nost preferably 1:2 to 1:3 am ne
phosphat e: SCCA. The synthetic oil based, preferably polyol ester-based high
| oad- carrying oil may al so contain ongARLEBOre of the follow ng cl asses of
additives: antioxidants, antifoamants, antiwear agents, corrosion

i nhibitors, hydrolytic stabilizers, netal deactivator, detergents. Total
anount of such_dtoadrStaghli ti ves dertzbboadi(NmemPhnge . 5 tBotabWiarke(KWWIf er abl y
2 to 10 mt % nost pie7erably 3 to 8 w%, Ant1 oxi dants whi ch (ﬁ be used

i nclude aryl am nes; e.g., phenyl- nap]hqanyl am nes and di al kyl""di phenyl

ami nes and ni xtures2t hereof, hindered 3®enol s, phenot hi azi neé@97and their

derivatives. The angioxidants are typiﬁql ly used in an anmounj ggh the range
1 to 5% Antiwear additives include hydrocarbyl phosphate esters,

4 621 6.43

5 773 11.8

6 927 19.5

7 1080 299

8 1232 43.5

9 1386 60.8

10 1538 82.0

The OCS [FED-STD-791; Method 5308 at 400°F] and Si seal
[FED-STD-791; Method 3433] tests used here to evaluate the turbo oils were run
under the standard conditions as required by the Navy MIL-L-23699 specifica-
tion.

The results from the 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 the amine phosphate and TECA, either used alone or in
combination are also specified in the tables. Table 2 demonstrates that the
combination of the amine phosphate and the TECA exhibits an excellent load-
carrying capacity, which is better than that attributed to each additive used alone
at a comparable treat rate. Tables 3 and 4 show that the turbo oil formulation
containing the synergistic P/S load additive combination also meets or exceeds
the MIL-L-23699 OCS and Si seal specifications whereas 0.1% VL 692-
containing formulation fails the Si seal test and yields the lower FZG FLS than

that of the present invention.
\



particularly tihydrocarbyl phosphate esters in which the hydrocar byl
radical is an aryl or alkaryl radical or mxture thereof Particul ar
antiwear additives include tricresyl phosphate, t-butyl phenyl phosphates,
trixyl enyl phosphate, and m xtures thereoL -8 - The antiwear additives
are typically used in an amount in the ra bé 0.5to 4 % preferably 1 to
3 WM% 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 benzotriazole, alkylated benzotriazol and organic diacids,
e.g., sebacic acid. The corrosion inhi QIABLE 2can be used in an anount in
the range 0.02 to 0.5 w% preferably 0.05%¢to 0.25 wt% Lubricating oi
additives are described generally in "Lubricants and Rel ated Products" by
Di eter Kl amann, Verlag Chem e, Deerfield, Florida, 1984, and_alsg in '

"Lubri cant AdditjveshoadAdditwessyp| heer anSevere KGGELS sni 14 Balld8h, Kgages

1-11, the di'sclosures of which are incorporated herein by reference. The

turbo oils of Nbhe present invention exhibit excedlent |oad- 82
0.02 wt% Vanlube 692 (VL 692) 53 92
0.10 wt% TECA 6 92

0.10 wt% VL 692 7 or 8 95
0.10 wt% TECA + 0.02% VL 692 9 97



carrying capacity as denonstrated by the severe FZG gear and 4 Ball tests,
whil e neeting or exceeding the Oxidation and Corrosion Stability (OCS) and
Si seal conpatibility requirenents set out by the United States Navy in

M L-L-23699 Specification. The pol yol ester-based turbo oils to which have
been added a synergistic m xture of the am ne phosphate and the sul fur
cont ai ni ng carboxylic acid produce a sigdifrcant inprovenent in
antiscuffing protection of heavily | oaded gears/balls over that of the sanme
formul ations in the absence of the am ne phosphate and the sul fur

contai ning carboxylic acid, and furtherpore, attain the higher |oad

capability than that achieved with o thesg t addi tives used al one.
The present invention is further desefided<by ®ef agence to the foll ow ng
non-limting exanpl es. EXPERI MENTAL LB 1 Tn the fol | ow ng exanples, a
series of fully fornulated aviation tu oils were used to.illustrate the
performance benefits of using a m xture 'of -9-
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Load Additives

0.10% TECA + 0.02% VL 692
mmememeee LiMIitS —emmmmemmeee-

None



t he am ne phosphate and TECA in the |oad-carrying, OCS and Si seal tests. A
pol yol ester base stock prepared by reacting technical pentaerythritol with
a mxture [err] to [err] acids was enployed along with a standard additive
package containing from1l.7-2.5% by weight aryl am ne anti oxidants, 0.5-2%
tri-aryl phosphates, and 0.1% benzo or atk¥F-benzotriazole. To this was

- added various | oad-carrying additive package which consisted of the
‘following: 1) Am ne phosphate al one: Vanl ube 692, a m xed nono-/di-acid
i phosphate am ne, sold commercially by RT. Vanderbilt 2) TECA al one:
~exenplified by 3,3 -thiodi propionic aCﬁﬂkﬁfﬁme oet her carboxylic acid,

TECA) commercially avail abl e from nunmerdos—chem cal suppliers such as
Sigma, Aldrich, etc. 3) Conbination, épresent |nvent|on) t he conbi nati on of
the two materials described in (1) Sk al Compatibi lityad- carrying capacity of
these oils was evaluated in 4 Ball and severe FZG gear tests. The 4 Bal
performance is reported in terms of initial seizure load (1SL) defined as

the average of the pgxi @assi ng and ni faili JS— g_m(; é_)sgt ai ned
when t he Ioad—l—s—ﬂ—ﬁepeaé-mggia-t—a-n—r-ﬁer emam- Kg.—ﬁg:eeh—'q%j H@ﬁ X ion
is the scuffi Eﬁ{wear scar dianeter on a teiédball to excee mnm at the end

of 1 mnute r room tenperature under 0 RPM The FzdOar test is an
i ndustry standard test to neasure the abil |3t of an oil t08%r4event

0.1% VL 692
0.02% VL 692 7.8 28.7
0.10 TECA + 0.02% VL 692 8.3 25.8
S -7 —— 5-25 <30
EXAMPLE 2

In these runs, a series of fully formulated turbo oils was to
illustrate the performance benefits of using a mixture of amine phosphate and
2-mercapto-benzoic acid also known as thiosalicylic acid (TSA) in the load
carrying test. The fully formulated turbo oils are as described in Example 1 with
the exception that in the series of runs the load additive tested were the amine
phosphate, Vanlube 672, Vanlube 692 and thiosalicylic acid (TSA). The severe
FZG test is as described in Example 1. Table 5 demonstrates that the combina-
tion of the amine phosphate and the thiosalicylic acid exhibits an excellent load
carrying capacity, which is better than that attributed to each additive used alone
at a comparable treat rate. '



scuffing of a set of noving gears as the load applied to the gears is
i'ncreased. The "severe" FZG test nentioned here is distinguished fromthe
FZG test standardized in DIN 51 354 for gear oils in that the test oil is
heated to a higher tenperature (140 versus [err]), and the naxinmum pitch
line velocity of the gear is also higher (1 6.6 versus 8.3 nm's). The FzZG
performance is reported in terns of failure Ioad stage (FLS), which is
defined by a | owest |oad stage at which the sumof w dths of all danmamged
areas exceeds one tooth width of the gear. Table 1 lists Hertz | oad and

total work transmtted by the test gearpagipdsfferent |oad stages. -10-
TABLE 1 Load Stage Hertz Load ( Total Work (kwh) 1
146 0.19 2 295
0.97 3 474 2.96 4
621 Wi% Hdidated Additives 773
11.8 Ol V672 V-692  TSA Severe FZG Final Load Stage
1 - - - 3
2 --- 0.010 - 6.5
3 0.01 --- -~ 6.0 (average of 2 runs)
4 — - 0.01 4.5 (average of 2 runs)
5 -- 0.02 - 5.33 (average of 6 runs)
6 0.02 - - 7.1 (average of 3 runs)
7 0.02 6 (1 run)
8 --- 0.01 0.01 6.7 (average of 3 runs)
9 -— 0.010 0.015 8 (average of 2 runs)
10 ~—- - 0.025 5 (average of 6 runs)
11 0.01 - 0.015 7 (1 run)
12 -— 0.030 - 6.0 (average of 8 runs)
13 0.03 - - 6.3 (average of 3 runs)
14 --- - 0.03 6 (average of 4 runs)
15 - 0.02 0.015 8

16 0.01 - 0.03 7 (1 run)



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 at_ [err] and Si seal [FED STD 791,
Met hod 3433] tests used here to eval uat & Bfte turbo oils
standard conditions as required by the Navy M L-L-23699 specifica- tion.

- The results fromthe severe FZG Si seal and OCS tests are“mmmuljﬂﬂwﬁm
2, 3 and 4, ¢ceaiRMe:ively. The wt% concentrations (based onlil

base stock) of the am ne phosphate and TECA, either used al oneort il % *
conbi nation are also specified in the tables. Table 2 denonstrates that the

conbi nation of the am pe AhaARNGI Compsisingea hiafoh adxdlintiofa Buse Stovkl suitabld oad-
carrying capagi.t better hat attri each .additive

%, whi gh i:i K t Snt jhbkltg 1o
used al one atorsEasA4PEhe oil bAse,stopk apd asmnog amount, Gt W EARPIEINE & ur bo
oi | .f or mul at inixtuooof sulfimepntdiningycarboxydid aci@®(SCCA)danddtiet orvmonmatineat i on
| " e A .
thoreas. 0. 1opRT TR, bhErdh et undCeifoti 86 ictertEtandPBE Hly lo@AT
yi el ds the | fwalaEzG FLS than that of the present invention.
' o)

Reg S Rs C OR

wherein R5 is C1-Cj7 alkyl, aryl, C to Cg alkyl substituted aryl, R' is
hydrogen, Rg is hydrogen, C1-Cy2 alkyl, aryl, C1 to Cg alkyl substituted aryl, or

the group
I
—Ry C OR"
and wherein when Rg is

0
||

—Ry C OR"

Rs5 and R7 are the same or different and are C1-C12 alkyl, aryl, C1 to Cg alkyl
substituted aryl, and R' and R" are the same or different and are hydrogen,
C1-Cg alkyl provided that at least one of R' and R" is hydrogen.

2. The turbo oil of claim 1 wherein the sulfur containing
carboxylic acid is represented by the structural formula

R'"O0OC—~R;—8—R;—COOR'

where Rg and R are same or different and C{-Cj7 alkyl and R' and R" are the
same or different and are H or C1-Cg alkyl provided that at least one of R' and
R" are hydrogen.

This Sheet Has Been Replaced
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TABLE 2 Load Additives Severe FZG FLS 4 Bal | ISL, Kg None
4 82 0.02 wt % Vanl ube 692 (VL 692)
92 0.10 vvt%TECA 6 10 wt % VL

U e s oo i g

Conpatibility
3. The turbo oil of claim 2 wherein the R5 and R7 are linear

C1—C4 alkyl and R’ and R" are both hydrogen.

4. The turbo oil of claim 1 wherein the sulfur containing
carboxylic acid is represented by the structural formula:

o)

Re——S @——(l‘!——ow

wherein R' is hydrogen, Rg is hydrogen, C1-C12 alkyl, aryl, C1-Cg alkyl
substituted aryl or the group

and wherein when Rg is
o)

Ry C OR"

R7is C1-Cq2 alkyl, aryl, C;-Cg alkylsubsituted aryl and R' and R" are the same
or different and are hydrogen, C1-Cg alkyl provided that at least one of R' and
R" is hydrogen.

5. The turbo oil of claim 4 wherein R' and R" are both hydrogen.

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

7. The turbo oil of claim 1 wherein the amine phosphate is of the
structural formula

This Shect Has Been'RTlaced
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Load Additives A Swel | % Tensile Strength Loss None

k3.1 10.3 0.1% VL 692 .

84. 3%0\/82?9\2”_ 692 g 3 722 6 28.7 0.10 TECA +_
(5)0 25 <30- EXAMPLE 2 In thesei'funs, a series aﬁm“”"mmmﬂm”"l
fornmulated turbo oils was to illustrate the performance benefi% s tof "ust ng* a

m xture of amine phosphate and 2-nercapto-benzoic acid al so known as

thiosalicylic acid (TSA) An the |ogg cargying st.Thequy formul at ed
turbo oils are as descri%din Exa IethhHeexc ptioaﬁthat in the

series of runs the | oad ditijpve telsted ret am ng phogphatg, Vanl ube
672, Vanl ube 692 and thiosal icylic acid (TSAL. llhe _se e tgst is as
descri bed i n Exanpl é BiIQ@ Raetbner te@ﬂ?‘t’ﬁ he ?%ﬁﬁ" 'gRﬁion of the
am ne phosphate and the thiosalicyljc acjd exhi Fi ts a exc%l | ent} | oad

carrying capacity, which |[s befter than fhat atkributed to leachjadditive
used al one at a conparabl@Rtrear rdte. OR Ry —2

where R and R! are the same or different and are Cj to C12 linear or
branched chain alkyl;

R1 and Ry are H or C1-C12 linear or branched chain alkyl,

R3 is C4 to Cy7 linear or branched chain alkyl or aryl -R4 or R4-aryl
where R4 is H or C1-C17 alkyl, and aryl is Ce.

8. The turbo oil of claim 1 wherein the SCCA 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).

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

" This Sheet Has Been Rera;ccd '




4

- T4- TABLE 5 W % I ndi cated Additives QO I ~ V-672 V-692 TSA

Severe FZG Final Load Stage 1 I --- 32

0. 010 6.5 3 0. 01 ------

6.0 (average of 2 runs) 4 0.01 4.5 (average
.of 2 runs) 5 0.02 -18- 5.33 (average of 6 runs)
6 0.02 7.1 (average of3 runs) 7
0.02 6 (1 run) 8 0.01 0.01 6.7
~(average of 3 runs) 9 QABYPRACTO. 015 8 (average of 2
runs) 10 0.0Z25 5 (average of 6 runs) 11

0.01
6.0 (average of 8 %@D A@%{&wo QILS CONTA]NIN&Q&/&}E aver age
of 3 runs) 14 PHOSPHATE AND A SULFUR CONTAINING CARBQXNTIC M‘Llﬁw) 15

0.02 0.0 15 8 16 0.01 0. 03 7 (1
run)

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 sulfur
containing carboxylic acid (SCCA), preferably the C1-C4 thioether carboxylic
acid and the P-containing component is one or more amine phosphates. The
turbo oil composition consisting of the dual P/S additives of the present inven-
tion achieves an excellent load-carrying capacity, which is better than that
obtained when each additive was used alone at a comparable treat rate to the
total combination additive treat rate, and this lower concentration requirement of
each additive allows the turbo oil composition to meet or exceed US Navy
MIL-L-23699 requirements including Oxidation and Corrosion Stability and Si
seal compatibility.

i S
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quger-
1. Aturbo oil conprising a major anmpbunt of a“base stock suitabl e®sor use
as a turbo oil base stock and a minor anount of additives conprising a
m xture of sulfur containing carboxylic acid (SCCA) and one or nore amne
phosphate(s), wherein the thiocarboxylic acid is.represented by the
structural fornmula: [err] wherein [err] js [err] alkyl, aryl, [err] to
[err] alkyl substituted aryl R is hydrogén, [err] is hydrogen, [err]

al kyl, aryl, [err] to [err] alkyl substituted aryl,.o [ r and
wher ei n* WiBGIRLOADICARRYINGFURBO DILS CONTATHIG AMNEASBHA T AND

[err] alkyl, aryl, [er.[AS.[BJHLRQOMFAWIMMRBQXXLIQEAC[DQM R _and R are
the sanme or different and are hydrogen, [err] alkyl provi @EPEA@MENTIWT

one of R and R' is hydrogen wherein the SCCA is present atTr—atott

wei ght in the 0 ae he am ne phosphate}is e | n
an anmount | i "ma‘“" based on PAﬁﬁ @57

FIELD OF THE INVENTION

This invention relates to synthetic oil-based, preferably polyol
ester-based turbo oils which use a synergistic combination of phosphorous
(P)-based and sulfur (S)-based load additive chemistries which allows the turbo
oil formulation to impart high load-carrying éapacity and also to meet or exceed
US Navy MIL-L-23699 requirements including Oxidation and Corrosion
Stability and Si seal compatibility.

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 unti] extreme pressure conditions prevail.
As a result, the most of effective load additives carry deleterious side effects on’
other key turbo oil performances: e.g., corrosion, increased deposit forming
tendency and elastomer incompatibility.

DESCRIPTION OF THE PRIOR ART

US 4,820,430-A discloses the lubricant composition containing a
copper salt of a propionic acid derivative or an additive prepared by reacting a
suitable thiodipropionic acid derivative with a suitable alcohol or amine-
containing compound to impart multifunctional and antioxidant characteristics.



q; hecr ~)
bas€ stock. 2. The- 1 V\,herel N the—sulfir containing

carboxylic acid is re resented by the suctiiral’ forjul RERIAGEMENT SHERTS] SG

and [err] are same m’#wun I,E, !J[err] al kyl anpl [RDeacriptieh :paged he ts aged......
or different and ér " proviled that EiClhedsk apeged ‘Rt amgded .z

R' are hydrogen. T16- 3 'I"he turbo oil of clain) Z1Viawéigls)t:ipagéd .t o Faged .....

[err] are linear [err] alkyl and R and R' are both ihlbsogdn. :Jagdd €. .44/ .....
oil of claim ]Cl‘.’.‘%‘slf.?ﬂ n the sul fur containing carbokylic acid is represented

by the structural forrmula: [err] wherein R is hyd r »hydaqgcyn
[err] alkyl, aryl, [err] alkyl substituted aryl or ;ﬁaﬁiréﬁnﬁb

when R6 is l.- A turbo oil comprising a major amount of a base stock suxmble
for use as a turbo oil base stock and a minor amount of additives comprising a
mixmure of sulfur containing carboxylic acid (SCCA) and one or more amine
phosphate(s), wherein the thiocarboxylic acid is represented by the structural

§l1

formula:
I
Re S——Rs C——OR
v ~  wherein R5 is C)-C» alkyl, aryl, C] to Cg alkyl substituted aryl, R’ is
hydrogen, Rg is hydrogen, C1-Cj1 alkyl, aryl, C; to Cg alky! substituted aryl, or
the group
|
R——C——0R" | RepLacEm:t =T
| | ]
and wherein when Rg is | 04 JUN 999 |
o U
—Ry——C——0OR"

Rs and R7 are the same or different and are C-Cj alkyl, aryl, C to Cg alkyl

U3 substituted aryl, and R' and R" are the same or different and are hydrogen,
C1-Cg alkyl provided that at least one of R’ and R" is hydrogen, wherein the
SCCA 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.

-
£

2. The turbo oil of claim 1 wherein the sulfur containing
carboxylic acid is represented by the structural formula

R"00C—R;—S§—Rs—COOR'
where R5 and R7 are same or different and C|-C2 alkyl and R’ and R" are the
same or different and are H or C{-Cg alkyl prov1ded that at least one of R' and
R" are hydrogen.



[err] [err] is [err] alkyl, aryl, [err] alkylsubsituted aryl and R and R’
are the sane or different and are hydrogen, [err] alkyl provided that at
[east one of R and R' is hydrogen. 5. The,turbo oil of claim4 wherein R
and ‘R' are both Hhydrogen. 6. The turbo 0| of cl ai erein the am ne

phosphate and the SCCA are used in a weig? ratio o The
turbo oil of claim1, 2, 3, 4, 5 or 6 wherein the ahﬂwﬂm lgleli
nonobasi ¢ hydrocar byl am ne salts of ni xed nono- * Cl d mphespmat es.
-17- 8. The turbo oil of claiml1, 2, 3, 4, 5 or 6 wherein the am ne
phosphate i s nonobasic y apine I f. thepdi aci fe. 9.
~The turbo oil of cl al %gﬁlé’ibﬁ ?‘h8pﬁﬁf‘ﬂ?}3’ﬁ8§%§9%*‘ﬁﬁ§rﬁ?ﬁgggf{%ctura|
formul a [ err ICwiy akyl ﬁxchRUaxi(iaRl"]arabethhjadl’ng or different and are Cl to
Cl2 linear or

4. The turbo oil of claim 1 wherein the sulfur containing
carboxylic acid is represented by the structural formula:

0
Resﬁjion-

/ wherein R' is hydrogen, Rg is hydrogen, C1-C12 alkyl, aryl, C1-Cg alkyl
substituted aryl or the group
I
Ry——C——OR REPLACEMENT SHEF' !
and wherein when Rg is | 04 JUN 1999
0]
—Ry—C—OR"

| R7 is C;-Cy2 alkyl, aryl, C-Cg alkylsubsituted aryl and R' and R" are the same
. or different and are hydrogen, C-Cg alkyl provided that at least one of R' and
R" is hydrogen.

5. The turbo oil of claim 4 wherein R’ and R" are both hydrogen.

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

7. The turbo oil of claim 1, 2, 3, 4, 5 or 6 wherein the amine
phosphate is monobasic hydrocarbyl amine salts of mixed mono- and di-acid

phosphates.




beanched chain al kyl ;

¢hai n al kyl;

or [err] wher e [err]
-of claim9 wherein R and [err]
are Hor [err]

[err]

[err]. al kyl,

11. The turbo 0|I of cI8a|
used in a mel

ratio of

[err]

al kyl ,

and [err]

al kyl ,

are [err] to [err]
and R3 is arstf7-R4 where R4 is |i‘nehr Thai n *¢4-
or R3is I|near or branched [err]

The 18! & Br b ) 5e3PROS RS SyiRRéin tthe aRe ar e

are Hor_ [err]
R3 is 04 to C 12 linear or branched chain al Kyl
is Hor [err]

and aryl is
al ky

al kyl ,

| -near _or branched

or aryl [err]

LA IR Ay

and aryl is [err].

.EJLU.L

phosp ate is monobasic hydrocarbyl amine salt of the diacid phosphate.

9. The turbo oil of claim 7 wherein the amine phosphate is of the
structural formula

OR'—p—0"

|

OR

- BT
R1—T—'R3
= R, —

o H —

Ri—N—R;

OR

l

— Ry —2

R and R1 are the same or different and are Cj to Cj2 linear or
branched chain alkyl;

Rj and Ry are H or C;-C2 linear or branched chain alkyl;

R3 is C4 to Cy7 linear or branched chain alkyl or aryl -R4 or R4-aryl
where R4 is H or C-C alkyl, and aryl is Cg.

10. The turbo oil of claim 9 wherein R and R! are C, to C, alkyl,

and R, and R, are H or C,-C, alkyl, and R, is aryl-R, where R, is linear chain C,-

C,, alkyl, or R, is linear or branched C,-C,, alkyl, and aryl is C;.

- 11. The turbo oil of claim 9 wherein the amine phosphate and the

SCCA are used in a weight ratio of 1:1.5 to 1:5.
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