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TO REDUCE DEPOCSI T FORM NG TENDENCI ES AND | MPROVE ANTI OXI DANCY OF
AVI ATI ON TURBINE O LS BACKGROUND OF THE | NVENTI ON Field of the

| nventi on vblosv&zsop This invention relates to ester- bagéa'fquﬂlm“’
particul ar diester and pol yol ester-based turbo oils, which exhibit
superior antioxi dancy and reduced deposit .farm ng tendenci es. Mre
particularly, it is related to turbo oils conprising esters of

pentaerythritol with fatty acids as base stock, and a sul fur- containing

carboxylic acid deri ' ty~O { the } vid- ing
enhanced oxi dation Sﬁ%ﬁ%@[@é E:% ' IC.%%%@(N?S &sgc)ri ption

of the Related Art (o | ner al
oils and lubricati SHEe e EHO~det e oot rot—by I dation
and in particular are subject to such deterioration at high tenperatures in
the presence of air. This deterioration often |eads to buildup of insoluble
deposi ts whi ch BAGKGRO BINVENEION i or at e perfornmance, and increase
mai nt enance. This is particularly the case for lubricating oils used in jet
aircraft where wi de tenperature ranges and extrene operating conditions are
likely to be eptquoffieGvestigPe’ | ubricat- ing of aircraft gas turbines,
for exanpl e, rmn#re‘%‘ﬁr‘ry" to function at bulk oil tenperatures as |ow
as -651F to as high as 450-500[err]F.

This invention relates to ester-based, in particular diester and

polyol ester-based turbo oils, which exhibit superior antioxidancy and reduced
deposit forming tendencies. More particularly, it is related to turbo oils
comprising esters of pentaerythritol with fatty acids as base stock, and a sulfur-
containing carboxylic acid derivative, used as a dual functionat additive provid-

ing enhanced oxidation stability and reduced deposit formation.

Description of the Related Art

Organic compositions such as mineral oils and lubricating
compositions are subject to deterioration by oxidation and in particular are
subject to such deterioration at high temperatures in the presence of air. This
deterioration often leads to buildup of insoiuble deposits which can foul engine
parts, deteriorate performance, and increase maintenance. This is particularly
the case for lubricating oils used in jet aircraft where wide temperature ranges
and extreme operating conditions are likely to be encountered. Proper lubricat-
ing of aircraft gas turbines, for example, requires ability to function at bulk oil

temperatures as low as -65°F to as high as 450-500°F.

Most lubricants contain additives to inhibit their oxidation. For

example, US Patent No. 3,773,665 discloses a lubricant composition containing



Most lubricants contain additives to inhibit their oxidation. For exanple,
« US Patent No. 3,773,665 discloses a |ubricant corrp05|t|on cont ai ni ng
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anti oxi dant aW@28/02%09m xture of dioctyl diphenylam ne and a schaisyinzbed
napht hyl am ne. US Patent Nos. 3, 759,996; 3,573, 206; 3,492,233, and
3,509, 214 disclose various nethods of oxidatively coupling al kyl ated
di phenyl anines with substituted naphthyl-@m nes. us
4,820, 430 discloses the lubricant conposition containing a copper salt of a
propionic acid derivative or an additive prepared by reacting a suitable
t hi odi propi oniag antioxidast additive mixtnrehofadiectyt diphenydamniecindar substituted

cont ai ni ng conpoypd,to, i mul ti f Xi dant
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di al kyl di phen;ﬁhbmtednaphﬁgla]mek oxy ant hraqui none, a phosphate ester and a

t hi oaci d derivative. The thioacid deriva- tives nentioned are thio diester
or di am de such as dilaurylthiodi propionate and

N, N -di ([err]-undecyl )tt'ls)‘f]wﬁﬁﬁ’bﬂ{}@ eluchantcompo ition & 57 971 's

directed to a simlar |ubri’cat’ing ol i20n° BaPoRAYH

4,189, 388 excepppéraaltidfa propioaiv mﬂemmhe O ah additive ﬁ&pamh}bycaaﬂn hkyl
th| oacid ester . Exanpl es of the al kylthi oaC| d ester 1nclude 2-butylthio-
i sooctyl gl ycéhiteble tiodiprepionic aciddsrivative it switabls alcohol or amme—

containing compound to impart multifunctional and antioxidant characteristics.

US 4,189,388 discloses synthetic lubricating oil composition
having improved oxidation stability comprising pentaerythritol ester base oil and
containing a phenyl-naphthylamine, a dialkyldiphenyl amine, a polyhydroxy
anthraquinone, a phosphate ester and a thioacid derivative. The thioacid deriva-
tives mentioned are thio diester or diamide such as dilaurylthiodipropionate and
N,N'-di(B-undecyl)thiodipropionamide.

US 4,157,971 is directed to a similar lubricating oil composition as
described in US 4,189,388 except for the thioacid derivative being replaced by
an alky] thioacid ester. Examples of the alkylthioacid ester include 2-butylthio-
isooctyl glycolate, 3-butylthio-isohexyl propionate.

US 4,174,284 discloses liquid hydrocarbon-containing organic
composition exhibiting improved anti-oxidation properties in the presence of a
hydrocarbylpolythiobenzoic acid. The number of sulfur atoms in a polythio
linkage ranges from 2 to 8, and the examples of such compounds cited include
2-n-hexyl-dithiobenzoic acid and 2-n-dodecyltetrathio-4-cyclohexylbenzoic acid.



US 4,174,284 discloses |iquid hydrocarbon-containing organic conposition
exhi biting i nproved anti-oxidation properties in the presence of a

hydr ocar byl pol yt hi obenzoi ¢ acid. The nunber of sulfur atons in a polythio
| i nkage ranges_from?2 to 8, and the exanples of such conmpoun '
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JP 63, 210, 194- A di scloses thernmally and oxidatively stable |ube useful as
conpressor oil, turbo-charger oil, etc. that contains thiodipropionate

ester obtained fromthiggi | Od) ' i I

EP 227,948- A di scl oses ?pﬁ%’m'ﬁ @géellgﬁe?i Z,fh‘g*ﬁﬁgﬁ%};’gﬂaﬁg%‘%%an 1":‘almnblang a
tris-al kyl - pheggefuliak @oniprésgor b1, tartié-chafiger|okly btc! thabcstitaing ghiodiprepiohde. | |
synergi stically enhances the stabiljzing effectiveness of | to inprove the
nel t - processi ¢hterabipined Fpmsthigdipropipniss acid and krtjyy edgahol. | t
has now been di scovered that the anti-deposition and antioxi dant properties
of the polyol ester-based turbo oils can be greatly enhanced by the

addition of a smal| amDER 2f 948-AUiEUBSEEN PR s@Bizirg/CompRfser | cal | y

sul fur- containing carboxylic acid derivatives such as thiosalicylic acid
(TSA) or t hi oetdnésmingacthissdkylipheoylphosphites @) arud aldighibthio-dip@igionary (IF THE
| NVENTI ON H synergistically enhances the stabilizing effectiveness of I to improve the melt-

processing and color stability of the polyolefin.

It has now been discovered that the anti-deposition and antioxidant
properties of the polyol ester-based turbo oils can be greatly enhanced by the
addition of a small amount of a sulfur containing additive, specifically sulfur-
containing carboxylic acid derivatives such as thiosalicylic acid (TSA) or
thioethers such as thiodipropionic acid (TDPA).

SUMMARY OF THE INVENTION

The present invention resides in a turbo oil composition exhibiting
enhanced antioxidancy and resistance to deposit formation, and to a method for

achieving that result in turbo oils.

The gas turbine lubricating oil of the present invention comprises a
major proportion of synthetic polyol ester based base stock including diesters
and polyol esters, preferably polyol ester based base stock and a minor propor-

' tion of an antioxidant/deposit control additive, specifically a sulfur-containing
carboxylic acid (SCCA) derivatives. Other, conventional additives such as

extreme pressure, pour point reduction, oxidative stability, anti-foaming,



The present invention resides in a turbo oil conposition exhibiting
enhanced anti oxi dancy and resistance to deposit formation, and to a nethod
for achieving that result in turbo oils. The gas turbine

| ubricating oil of the present invention conprises a major proportion of
synt hetic pol WO9882%08r based base stock including diesters aRGTH8INIGH49
esters, preferably polyol ester based base stock and a m nor propor- tion
of an anti oxi dant/deposit control additiygL specifically a

sul fur-containing carboxylic acid (SCCA) derivatives. Qher, conventional
additives such as extrene pressure, pour point reduction, oxidative
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I nhibitor additives others may al so The
use of SCCA derivatives produces a turbo oil exhibiting markedly superi or

oxi dation stability and.deposi trql perforpance to that exhibited by
turbo oil without the %&%‘?ﬁf&fh&g@s@mv Yce$n tyrboriicphibiting

A turbo oil hgul J bt nc onpri ses a
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derivative. Sexhibited by arbeoil witlidut dee SCEAtdeiivatives, pol yol esters.

DETAILED DESCRIPTION

A turbo oil having unexpectedly superior deposition performance
comprises a major portion of a synthetic ester base 0il and minor portion of a

SCCA derivative. Synthetic esters include diesters and polyol esters.

The diesters that can be used for the improved anti-deposition
turbo oil of the present invention are formed by esterification of linear or
branched Cg-C 5 aliphatic alcohols with one of such dibasic acids as adipic,
sebacic, or azelaic acids. Examples of diesters are di-2-ethylhexyl sebacate and
dioctyl adipate.

The 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 hydroxy! groups. Examples
of polyol are trimethylolpropane, pentaerythritol, dipentaerythritol, neopenty!
glycol, tripentaerythritol 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



The..di esters that can be used for the inproved anti-deposition turbo oil of

fthe present invention are formed by esterification of |inear or branched
Cerr]-Cerr] aliphatic alcohols with one of such dibasic acids as adipic,

sebacic, or azelaic acids. Exanples of diesters are di-2-etl
sebacate and ‘H?&’?zﬂ” adi pat e. The synthetic ]l;?c?(dybgflﬂgg er
base oil is formed by the esterification of an aliphatic polyol wth

carboxylic acid. The aliphatic polyol cagains from4 to 15 carbon atons
and has from2 to 8 esterifiable hydroxyl groups. Exanples of polyol are
trimet hyl ol propane, pentaerythritol, dipentaerythritol, neopentyl glycoL
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pentaerythritol and a mxture of Cferr]-Clerr] carboxylic acids, Technical
penta- eryt hrénytiritokis a mixturervehichinclides abot &S ta 93k mepopentaeryghritol and
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forml a contains about 88% monopentaerythritol having the formula

CHo0OH
HOHoC——C——CH20H

I CHoOH

and about 12% of dipentaerythritol having the formula

THZOH C|:H20H
OHoC—C—C—0—C——C——CH0H
HOH2 Fio Fio I 20

11 CHoOH CH20H

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.
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‘The technical pentaeryhritol nmay also contain sone tri and tetra
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6 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-C12

carboxylic acids.

As previously stated, to the polyol ester base stock is added a
- minor portion of sulfur containing carboxylic acid derivative as antideposition

and oxidation inhibition additive.

Sulfur containing carboxylic acid derivatives are described by the
structural formula: '

Rg——S§——R{—C——OR’ I

where R is C3-C alkylene with the carboxy group separated from S by a
linear alkylene group containing at least 2 carbons, arylene, Cj to Cg alkyl
substituted arylene, R' is hydrogen, or Cj to Cg alkyl, Rz is hydrogen, or the
group

|

—Rz—C—OR" 1V

and wherein when R is



Cenerally, a—slight excess of acid is enployed to force the reaction to
conple- tion. Water is renoved during the reaction and any excess acid is
then stripped fromthe reaction m xture. The esters of technical
pentaerythritol nmay be used wi thout further purification or may be further
purified usi ng“@d’ﬂéﬂi onal techni ques such as distillation. FCTUS12049
For the purposes of this specification and the following clains, the term
"technical pentaerythritol ester” is unde_r.ﬁgood as neani ng the polyol ester
base oil prepared fromtechnical pentaerythritol and a m xture of
Cerr]-Cerr] carboxylic acids. As previously stated, to the
pol yol ester base stock is added a m nor portion of sulfur containing
carboxylic acid derivative as anti deddsition and oxidation inhibition
addi tive. Sul fur contaifpi ng carboxylic Vi d derivatives are
described by the structural f a_;_c__éﬁﬁl‘] where R err] is
Cerr]-Clerr] alkylene with the cérboxy group separated from S by a |inear
al kyl-ene group containing at |east 2 carbons, arylene, Cerr] to (err]
al kyl substit | . :
Rierr] is hydlrjic}ggﬁa rﬁ?meggg%%grmm@gr ]Cpéﬁgbﬁhgmpﬁm\%h%%ﬁwg%s
separated from S by a linear alkylene group containing at least two carbons,

arylene, Cy-Cg alkyl substituted arylene and R' and R" are the same or different
and are hydrogen, C)-Cg alkyl. It is preferred that at least one of R' and R" is
hydrogen.

Representative of sulfur containing carboxylic acid derivatives
corresponding to the above description are mercapto carboxylic acids or their

ester of the formula:

Rg——8 @—-@———OR' VI

and its various isomers where Ry and R’ are as previously defined, preferably Ry
and R’ are hydrogen, and thioether carboxylic acids (TECA) or their ester of the

structural formula:

R"0OC——Rgq——S——R{——COOR' VII
where R] and R3 are same or different and are C3-C)7 alkylene with the
carboxy group separated from S by a linear alkylene group containing at least 2

E carbons, and R' and R" are the same or different and are H or C-Cg alkyl. Itis
preferred that at least one of R' and R" is hydrogen.
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- 7- [err] Rerr] and R err] are the sane or different C2-Cl2 al kyl ene
with the carboxy groups separated fromS by a |inear al kyl ene group
containing at |east two carbons, arylene, Cerr]-Cerr] alkyl substituted
aryl ene and WOMISE®' are the sane or different and are hyd®PSFar$I/12049

Cerr]-Cerr] alkyl. It is preferred that at |l east one of R and R' is
hydr ogen. Representative of 8s_ul fur containing carboxylic acid
derivatives corresponding to the above description are mercapto carboxylic
acids or their ester of the formul a: [err] and its various isoners

Q?Zrﬁyﬁﬁlrg%, "and i oSbRpreiEard TENA S shossSvherpis{ afd Radwr Gacka o fRE he |
06 s e o oy i

| i near al kyl dwydragenup containing at |east 2 carbons, and R and R' are the
sanme or different and are Hor (err]-Cerr] alkyl. It is
The SCCA derivative is used in an amount in the range 100 to
2000 ppm, preferably 200 to 1000 ppm, most preferably 300 to 600 ppm.

The reduced-deposit oil, preferably synthetic polyol ester-based
reduced-deposit oil, may also contain one or more of the following classes of
additives: antifoamants, antiwear agents, corrosion inhibitors, hydrolytic
stabilizers, metal deactivator, detergents and additional antioxidants. Total
amount of such other additives can be in the range 0.5 to 15 wt%, preferably 2 to
10 wt%, most preferably 3 to 8 wt%.

Antioxidants which can be used include aryl amines, e.g., alkylated
phenylnaphthylamines 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 hydrocarby! 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.
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The SCCA derivative is used in an
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range 100 to 2000 ppm preferably 200 to 1000 ppm nost preferably 300 to

600 ppm

The reduced-depqQgit oil, preferably synthetic

pol yol ester-based reduced-deposit oil, may al so contain one or nore of the

foll owi ng classes of additives: antifoamants, antiwear agents, corrosion
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range 0.5 to 165 vd 4wtPs, preferably 1 To Bawvtdd) Wt % nost preferably 3 to 8 wt%

i nhi bitors,
addi ti onal

Ant i oxi dants whi ch can be used include aryl am nes, e.g., alkylated
phenyl napht hyl am nes and di al kyl di phenyl am nes and m xtures thereof,

ant i oxi dants ar ot ypi caoporoRIanRas I pifie HBLiERY so yaiquspiasols

Antiwear addi telg/eplylnfhzile, )2 deadénerttazdle SR 3 enérietiiazole, carboxy benzo-

triazole, alkylated benzotriazole 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 wit%.

As previously indicated, other additives can also be employed
including hydrolytic stabilizers, pour point depressants, anti-foaming agents,

viscosity and viscosity index improvers, etc.

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, pp. 1-11, the disclosures of which are incorporated herein by reference.

The additive combinations are useful in ester fluids including
lubricating oils, particularly those ester fluids useful in high temperature avionic
(turbine engine oils) applications. The additive combinations of the present
invention exhibit excellent deposit inhibiting performance and improved

oxidative stébility as measured in the Inclined Panel Deposition Test.

The present invention is further described by reference to the

following non-limiting examples.

The



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

trixyl enyl phosphate, and m xtures thereof. WD 98/ 02509
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The antiwear additives are typically used in an amount in the range 0.5 to
4 wt% preferably 1 to 3 W% Corrosion inhibitors include

but are not limted to various triazols éog , tolyl triazole, 1,2,4 benzene
triazole, 1,2,3 benzene triazole, carboxy benzo- triazole, alkylated

benzotri azol m—gi c diacids, e.g., sebacic acid. The
corrosion in n be used in an amobunt in the range 0.02 to 0.5 W %
preferably 0.05%to 0.25 wt% As previously indicated,

ot her additives can al so be enpl oyed including hydrolytic stabilizers, pour

poi nt depressants, antiFiioexdnqe ilhsoutes the dep:;sitiop wlibmhnmﬁmﬂye moseXx
gener al 1y i n PeEfsredeamhodiment obshe i by, YA a0y PR RIS S0kt SS
eI ) oo e il Kout 54 CIPES! e i RS GPTBCA B BIGE 1, C
are incor por &3,8%hivdigiopioac dcid ETPPAS, compound VII with R' and R" as H and R
and R3 as CoH4. The TDPA was blended into finished turbo oil formulations
suitable for applications covered by the MIL-L-23699 specifications. The base
stocks used in these formulations were a technical pentaerithritol (PE) ester
made with an acid mixture of C5 to Cg commercially available acids. The
additive package contained diaryl amine antioxidants, a commenly used metal
passivator containing triaryl phosphates, a corrosion inhibitor consisting of
alkylated benzotriazole, and a hydrolytic stabilizer.

The IPDT is a bench test consisting of a stainless steel panel
electrically heated by means of two heater inserted into holes in the panel body.
The test temperature is held at a constant level throughout the 24 hour run and
monitored using a recording thermocouple. The panel is inclined at a 4° angle
and oil is dropped onto the heated panel near the top, allowing the oil to flow the
length of the panel surface, drip from the end of the heated surface and be
recycled to the oil reservoir. The oil forms a thin moving film which is in
contact with air flowing through the test chamber. Deposits formed on the panel
are rated on a scale identical to that used for deposits formed in the bearing rig
test (FED. Test Method STD. No. 791C, Method 3410.1). Varnish deposits rate
from 0 (clean metal) to 5 (heavy varnish). Sludge deposits rate from 6 (light) to
8 (heavy). Carbon deposits rate from 9 (light carbon) to 11 (heavy/thick carbon).
Higher ratings (12 to 20) are given to carbon deposits that crinkle or flake away
from the metal surface during the test. The total weight of the deposit formed in



“The—additive conbinations are useful in ester fluids including lubricating
oils, particularly those ester fluids useful in high tenperature avionic
(turbine engine oils) applications. The additive conbinations of the
present invention exhibit excellent deposit inhibiting perfornance and
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base-stocks u ' f | At i on re . C L pentaerithritol

(PE) ester nazgﬂlei #ﬁ“g‘gﬁg’cﬁ‘%ﬁ“{&'&%P&%P%?%@O&%f‘é%] comercially
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a commonly used netal passivator containing triaryl phosphates, a corrosion
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into holes in gfike ARidREd RRBY oil in the IPDT run at three different temperatures: 560,
570 and 580°F. In evaluating the effect of TDPA, a series of base finished turbo
oils (FTO1, FTO2, FTO3) were used. To each of these base FTO formulations,
0.05 wt% TDPA was added, allowing a direct pair-wise comparison of perform-
ance with and without TDPA. The composition of FTO1, FTO2 and FTO3
differs slightly in the fatty acid distribution (i.e., 40 mole % n-Cj acid in FTO1
and FTO2; 55 mole % n-C5 acid in FTO3) and in the aryl amine antioxidant
concentration (2.7 wt% in FTO1, 1.9 wt% in FTO2, 2.5 wt% in FTO3). In each
of these base FTO formulations, the addition of 0.05% TDPA improved the
IPDT rating and dramatically reduced the deposit formation, and viscosity and

TAN increase as compared with the formulations which did not contain TDPA.
The reduced viscosity and TAN increase are unexpected with the reduced
deposit weight, which may result from solubilization of incipient deposits by the
oil resulting in a larger concentration of high molecular weight, partially
oxidized molecules in solution thus increasing the viscosity and TAN. However,
Table 1 clearly illustrates that no such effect is observed. The viscosity and
TAN changes are dramatically lower for the TDPA-containing formulations

. indicating that not only are deposits reduced , but incipient deposits and other
partially oxidized species are not formed in the same quantities when the TDPA

is present.



The, test tenperature is held at a constant |evel throughout the 24 hour run
and nonitored using a recording thernocouple. The panel is inclined at a 4
angle and oil is dropped onto the heated panel near the top, allow ng the
oil to flowthe Iength of the panel surface, drip fromthe end of the

heat ed surfacWOM8252 recycled to the oil reservoir. The oil Pé€DOs®E/ia04hi n
nmoving filmwhich is in contact wwth air flow ng through the test chanber.
Deposits fornmed on the panel are rated on,a scale identical to that used
for deposits formed in the bearing rig teld- (FED. Test Method STD. No. 791
C, Method 3410.1). Varnish deposits rate fromO (clean netal) to 5 (heavy
var ni sh) .. Sl udge deposri_s rat from6 to 8 (heavy ﬂ% Car bon deposits
rate from9 (Ii ght car boabled g WGOWE& t"ﬁh ing tthsdise of theyealf esten andys (12

to 20) are gi t romthe
netal surface urr ng tEep?esE ie%ée&@io%ﬂogﬁ? Wigﬁgb@@%‘é&%d in
WO 98/ 02509 .found to be an effective deposit control addmve, as was the half ester ofTD

PCT/ US97/ 12049 24 hours is a so measured. |I'n addition, fina

viscosity, meRdeptd- Ar(2earhexyethy, m&mmpm&(ﬂﬁﬂers\@ﬁahgay expr essed

5o OV, BhioBEndiSRs PHOAR TR Gl Beabvl R svibble = ™

oxi dati on resadditive.cThis ihditivitylof TDAA ma: beatmbute&’&bhﬁdb LIS
of TDPA at O. 05 wt%flbased o‘?ylbase stoc% significantl Isﬁrp%&‘(’)&%‘gfsﬁlﬁhﬂé

ant i oxi dancy 8rH, whig! G%Eemvm&pdhemdmmemto sdaeerigemadiuli frothhRe 0i | i n
the I PDT run §t th%c‘j‘t different tenperatures: 560, 570 and 580[err]F. In
eval uati ng t 8% t'ﬁﬂDA a series of base finished turbo oils (FTA,
FTQ2, FTG3) were used. To each of these base FTO formul ations, 0.05 wt%
TDPA was added, allow ng a direct pair-w se conpari son of perform ance
with and wi thout TDPA. The conposition of FTOl, FTO2 and FTC3 differs
slightly in the fatty acid distribution (i.e., 40 nole %n-Clerr] acid in
FTOL and FTQ2; 55 nole % n- C[err] acid in FTerr]) and in the aryl am ne
ant i oxi dant



coneentration (2.7 wt%in FTOL, 1.9 ww%in FTQ2, 2.5 wt%in FTG3). In each
‘of these base FTO fornul ati ons, the addition of 0.05% TDPA i nproved the

| PDT rating and dramatically reduced the deposit fornmation, and viscosity
and TAN i ncrease as _conpared with the formul ati ons which di dmfghngﬁngal n
TDPA. The reduP@PM¥Rosity and TAN increase are unexpected g2049
reduced deposit weight, which nmay result from sol ubilization of incipient
deposits by the oil resulting in a |larger concentration of high nol ecul ar
wei ght, partially oxidized nolecules in_gglution thus increasing the
viscosity and TAN. However, Table 1 clearly illustrates that no such effect
is observed. The viscosity and TAN changes are dramatically | ower for the
TDPA- cont ai ning fornul ations indicating that not only are deposits reduced,
but i.nci pient deposits and other partially oxidized species are not forned
in the sane quantities when the TDPA is present. WD 98/ 02509

PCT/ US97/ 12049 -12-

Table 1 al so contains datgjrelating to the use of the half ester and full
ester of TDPA. The full esgler, thiodipropionic nethyl ester (TDVE) was
found to be an effectizy@ gdposit = @twol, agdist i ver 38 wagtthe half ester of
TDPA, n-heptyl- [err]Z 52 ar bﬁx@tcﬁyg rrereaﬁ 0) - Iy Qpi on& es( HCP) .
Surprisingly, thiodiace& ¥]acid (TDAA) was found to be ineffective as a
deposit control additive. gfhis inactivity of TDAA may be attributed to the
absence of a nobile B-H, ich is necessary for the TECA derivatives to
scavenge radicals fromthe base stock oxidation.
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EXAMPLE 2

The similar deposition and antioxidancy benefit as shown in
Example 1 is illustrated with another SCCA derivative, namely thiosalicylic acid
(TSA); compound VI with R and R’ being H. As in Example 1, two different
finished turbo oil formulations as denoted by FTO4 and FTOS5 were used to
evaluate the performance advantage of TSA. The composition of FTO4 and
FTOS are similar to that of FTO3 except that the PE ester base stock of FTO4
has higher mole % (57%) of n-C5 acid than that of FTO3, and FTOS contains a
lower amine antioxidant treat rate (approximately 1.6 wt%) than FTO3. In the
IPDT ran at 560 or 570°F, the use of TSA effected concomitant improvement in
the deposition and oxidation stability, the latter indicated by the dramatically

lower viscosity and TAN increase as compared to the base formulations.
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The sinmilar deposition and antioxidancy benefit as shown in Example 1 is
illustrated with another SCCA derivative, nanely thiosalicylic acid (TSA);
conpound VI WQMWOREArr] and Rlerr] being H As in Exanple 1 PCESOUI2049%r ent
finished turbo oil formulations as denoted by FTO4 and FTOG6 were used to
eval uate the performance advantage of TSA. The conposition of FTO4 and FTCb
are simlar to that of FTG3 except that e PE ester base stock of FTO4 has
hi gher nole % (57% of n-Clerr] acid than that of FTO3, and FTC6 contains a

| ower am ne WE treat rate (approximately 1.6 wt% than FTO3. In
the | PDT ran 570[err]F, the use of TSA effected concomtant

i nprovenent in the deposition and oxidation stability, the latter indicated
by the dramatically |ower viscosity and TAN i ncrease as conpared to the
base fornul ations. Table 3 illis@ates tlix ubig other SCCA compounds such as

PCT/ US97/ 12048, - hene carboxylic acid (TCA) and 2-dodesylthio-S-mercapto-1,3.4-
| thiadiazole-5-acetic acid (DTAA) did not offer the deposition and oxidation
stability benefit as TDPA and TSA. The base turbo oil formulations used to
blend in TCA and DTAA are same as two of the TDPA-containing formulations
shown in Example 1.
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Table 3 illustrates that using other SCCA conpounds such as th| ophene
carboxylic acid (TCA) and 2-dodecyl thi o-5-nmercapto-1, 3, 4-
t hi adi azol e- 5-WO88P250mci d (DTAA) did not offer the dep05| ti ommmat I on
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CLAIMS:

1. A turbo oil composition exhibiting enhanced resistance to
deposition and improved oxidative stability, said turbo oil formulation compris-
ing a major portion of a synthetic ester based base stock and a minor portion of a
sulfur containing carboxylic acid (SCCA) derivative, wherein the SCCA deriva-
tive; is represented by the structural formula:

[

Ro——S——Rq——C——O0R

wherein Rj is C2-C11 alkylene with the carboxy group separated from S by a
linear alkylene group containing at least 2 carbons, arylene, C1 to Cg alkyl
substituted arylene, R’ is hydrogen or Cj to Cg alkyl, Ry is hydrogen, or the
group

Q=0

OR"

and wherein when R is
0O
|

Rz——C——OR"

Ry and Rj are the same or different and are C»-Cj2 alkylene with the carboxy
group separated from S by a linear alkylene group containing at least 2 carbons,
arylene, C1 to Cg alkyl substituted arylene, and R' and R" are the same or
different and are hydrogen, C;-Cg alkyl.
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“blend in TCA and DTAA are same as two of the TDPA- cont L?%aﬁllllﬂmlﬂﬂlﬂﬂﬂml I
shown in Exanple 1. WO 98/ 02509
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2. The turbo oil composition of claim 1 wherein the SCCA

derivative is used in an amount in the range 100 to 2000 ppm.

3. The turbo oil composition of claim 1 wherein the synthetic
polyol ester based base stock is the esterification product of an aliphatic polyol
containing 4 to 15 carbon atoms and from 2 to 8 esterifiable hydroxyl groups

reacted with a carboxylic acid containing from 4 to 12 carbon atoms.

4. The turbo oil composition of claim 3 wherein the synthetic
ester based base stock is the esterification product of technical pentaerythritol
and a mixture of C4 to Cy carboxylic acids.

5. The turbo oil composition of claims 1, 2, 3, or 4 wherein the
sulfur containing carboxylic acid derivative is represented by the structural

formula

R"0OC——Rg——S——R{——COOR'

where R and R3 are same or different and Cy-C}3 alkylene with the carboxy
group separated from S by a linear alkylene group containing at least 2 carbons,
and R' and R" are the same or different and are H or C1-Cg alkyl.

6. The turbo oil of claim 5 wherein either or both of R' and R" are
H and R and R3 are linear C»-Cy4 atkylene.

7. The turbo oil composition of claims 1, 2, 3, or 4 wherein the
sulfur containing carboxylic acid derivative is represented by the structural

formula:

—_—
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wherein R’ is hydrogen or C;-Cg alky! , R is hydrogen, or the group

Rg——C—OR"

and wherein when R» is

Rg——C——OR"

R3 is C2-Cj2 alkylene with the carboxy group separated from S by a linear
-alkylene group containing at least 2 carbons, arylene, C1-Cg alkylsubstituted
arylene, and R' and R" are the same or different and are hydrogen, Cy-Cg alkyl.

8. The turbo oil composition of claim 7 wherein either or both of

R' and R" are hydrogen.

9. A method for enhancing the resistance to deposition and
improve the oxidation stability of a synthetic ester based turbo oil by adding to
said turbo oil a sulfur containing carboxylic acid (SCCA) derivative, wherein the
SCCA derivative is represented by the structural formula:

O==0

OR

This Sheet Has Been Rerlaced
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ted  danw 1. A turbo oi1 comosici on eI NI

enhanced resistance to deposi tion and inproved oxidative stabiltity, %aid *
turbo oil formulation conpris- ing a maj or portion of a nt hetic ester
based base stWeR¥M#P a ni nor portion of a sul fur contai n.%fewaww ic
acid (SCCA) derivative, wherein the SCCA deriva- tive is represented by
the structural formula: [err] whesein Rlerr] is CJerr]-Cerr]

al kyl ene with the carboxy or ester group separat ed fromsS by a |inear

al kyl ene group contai ning at | east carbons, arylene, Cerr] to C[err]

| kyl b al k
Eﬁyd?/ogen > St&ﬁe%ﬁq{lafsyégaﬂ qlﬁf}?llﬁ% ‘ﬁtﬁ nb%?ﬂﬁﬁg’& gr(r?h ﬁ{ep tJF:u%ggn aﬁced
resi.stance to lineafigiRgfehé mﬂ&waﬁmgqv&dsmeﬁ\a&wwé@ Id,hfoyc g8 turbo

oil fornulation conpris- ing a ngj or portion of synthetic eSter based
base stock ancfuhstmlwmarngm,ﬂbns bydragen 01'58] ths@Bml,aRmumgydragm»ylthm aci d

( SCCA) derlva':gﬁ'gﬂ wherein the SCCA deriva- tive is represented by the
structural B

o)
Il

Rg——C——OR"

and wherein when R is

Q=0

OR"

R3

Rj and R3 are the same or different and are C2-C 2 alkylene with the carboxy
group separated from S by a linear alkylene group containing at least 2 carbons,
arylene, Cj to Cg alkyl substituted arylene, and R’ and R" are the same or
different and are hydrogen, C1-Cg alkyl.
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[err is Clerr]-Cerr] alkyleneswith €l
E}rou]p Ummllﬂ""mﬁ“m by a linear .al kyl ene group Cormtqv P;szgz"a
carbons? atyl'end, &efr] to (err] alkyl substituted aryl ene,

hydroge_n or CJerr] to (err] alkyl, R is the group mﬁz JUL‘SSB
-19- '
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[ferr] wherein R err] and. R[l%rr] are the sane or different and
are CJerr]-Cerr] alkylene with the carboxy or ester group .
separated from S by a linear al kylene group containing at | east
2 carbons, Cé{lw\éﬁ'e, Cerr] to (Jerr] alkyl substituted arylene, and R and
R' are different and are hydrogen, Cerr]-(err] alkyl.

3. Aturbo oil conposition exhibiting enhanced resistance to
deposi tion and i mpr bvedt tushasel compositisinl exhibitingienhaneesbresistariaer toul at i on
ort| .n of a c ester based base

: g?gELI and dengsifon g g adative seabiiy) salt fbo Mfommiwrta@mmf i c
?g:o(rjegg gﬁ%\gg@qqe lg‘%@uct ur a%%@u?%&%sgarbagg stock and 3[3\"11‘]“ p01¥10n ofa

~ sulfur containing carboxylic acid (SCCA) derivative, wherein the SCCA deriva-
‘tive is represented by the structural formula: '

[

| - | Ry——S8—Rq C—OR'

wherein R is C2-Cj3 alkylene with the carboxy or ester group separated from S

by a linear alkylene group containing at least 2 carbons, arylene C 1 to Cg alkyl

subsututed arylene, R' is Cj to Cg alkyl, R2 is hydrogen

2. A turbo oil composition exhibiting enhanced resistance to -
~ deposition and improved oxidative stability, said turbo oil formulation compris- -

o ing a major portion of a synthetic ester based base stock and a minor portion of a

sulfur containing carbdxylic acid (SCCA) derivative, wherein the SCCA deriva-
tive is represented by the structural formula:

9
B
C—OR

Ro——8—Rq
wherein R} is C2-C alkylene with the carboxy or ester group separated from S

by a linear alkylene group containing at least 2 carbons, aryleﬁe, Cj to Cg alkyl
substituted arylene, R' is hydrogen or C| to Cg alkyl, R» is the group

AMENNED Sepy
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wherein "R érr} ahd R err], are different and are @2-C4 e, aryI ene and

R and R are different and are hydrogen, W%%]J@! kmg&

4. A turbo oil corrp05|t|on_ exhi biting en nced resista

- deposi tion and inproved oxidative stabi1tty, said turbo oil fornulation -
conpri s- - ing a major portion of a synthetic ester based base
stock and a minor portion of a [err]

-20 - - sul fur containing carboxylic ag { d (SCCA) derlvatlve wherein the
SCCA deri va- tive is represented by tha structural formla: [err]
wherein Rerr] is (Jerr]-Cerr] Ilnear al Iene q‘ryl ene, R is hydrogen or
Cerr] to (Jerr] alkyl, R2 i TTRS GO grou

wherein R{ and R3 are the same or different and are C2-Cj3 alkylene with the
carboxy or ester grouﬁ separated from S by a linear alkylene group containing at
‘least 2 carbons, arylene, C| to Cg alkyl substituted arylene, and R' and R" are
different and are hydrogen, C1-Cg alkyl.

2
- 3. A turbo oil composition exhibiting enhanced resistance to
deposition and improved oxidative stability, said turbo oil formulation compris-
ing a major portion of a synthetic ester bas_ed base stock and a minor portion of a
sulfur containing carboxylic acid (SCCA) derivative, wherein the SCCA deriva-
tive is represented by the structural formula:
o)
Ry——S—Rq cl,l‘ OR'
AT,

wherein R is C2-Cy4 linear alkylene, arylene, R’ is hydrogen or C1 to Cg alkyl,
R is the group

wherein R} and R3 are different and are C2-C4 alkylene, arylene and R’ and R"
are different and are hydrogen C1-Cg alkyl.

4. A turbo oil composition exhibiting enhanced resistance to

_deposition and improved oxidative stability, said turbo oil formulation compris-

ing a major portion of a synthetic ester based base stock and a minor portion of a

AMENDLD SHEE.
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exhi bi ti'ng“enhanted résistance to deposi tion and i nprayec »QdeatJ ve .
stability, said turbo oil fornulation conpris- i ng Aol 141 |~Jon-o¥938

synthetic ester based base stock and a_gignor portion of a  sulfur

contai ning carboxylic acid (SCCA) derivative wherein the SCCA deriva-

tive is represented by the structural formula: - [err] wherein R err]

is (err]- C! rr] alkylene with the carboxy or ester group separated fromsS
by a |inears ypem@llgg@a:qu«ymgcm &Leh)| mtlie,cwhmnstheFSCéfAh&mmen or

Cerr] to err dr ogen. [err]
- 21 - iV S re;lresexggdhyﬁ] % “ti on. exhi bi ting enhanced

resi stance to deposi tion and [ rrpr oved _OXI dative stability, said turbo oil
formul ati on conpri s- ing a maj or portion of synt hetic ester based base
. stock and a mnor portion of a sul fur cont ail I ng carboxylic acid (SCCA)

derivative wherein the SCC/haeriy - thye isFepre ted by the structural-
f ormul a: [err] wher el R[ergr] isR err]-Cer al kyl ene with the
carboxy or ester group separ at ed fromsS

wherein Rj is C»-C4 linear alkylene arylene, R' is hydrogen or C1 to Cg alkyl,
Ry is the group

-

wherein Ry and R3 are the same or different and are C2-C4 alkylene, arylene
and R" is hydrogen.

5. A turbo oil composition exhibiting enhanced resistance to
deposition and improved oxidative stability, said turbo oil formulation compris-

s ing a major portion of a synthetic ester based base stock and a minor portion of a

’

sulfur containing carboxylic acid (SCCA) derivative wherein the SCCA deriva- -
tive is represented by the structural formula:

OR

O=—=0

Ro S R1
wherein R} is C5-C |5 alkylene with the carboxy or ester group separated from S -

by a linear alkylene group containing at least 2 carbons, R' is hydrogen arCjto
Cg alkyl, Ry is hydrogen '

%‘mvﬁf“ A K v



by a I| p containing at |east 2 carbo s/h Qﬂo

C lto mﬂlﬁﬂ'ﬂ“@ IR*fim is hydrogen or the group lmmg? {dtag 9

wherein ercr | tan err] ‘are the sanme or different an

with the carboxy or ester group separated fromS by mgﬁyagg1%8

group containing at | east 2 carbons, _.gpd R and R' are different and are

hydrogen, Cerr]-Cerr] alkyl. 7. A turbo oil conposition

- exhibiting enhanced resistance to dep05|t|on and inproved oxidative

~ stability, said turbo oil fornulation conpris- ing a _maj.or portion of a
‘synthetic ester basdd mwbew&wmnwmnbwltp@g@nhﬁn@msmtam fr

cont ai ni ng carboxylic, acid

tive is re&f@gm@wmmévéfpﬁ dglrslt %ggd t‘_lrego oll f%’@m‘l]%g%é compnsq-

"22 - iLg a llla_]OI' portion of a synthetic ester based base stock and a minor portion of a
sulfur containing carboxylic acid (SCCA) derivative wherein the SCCA deriva-
tive is represented by the structural formula: '

I
Rg——S——R——C——OR'
wherein Ry is C2-Cy alkylene with the carboxy or ester group separated from S -
by a linuar alkylene group containing at least 2 carbons, R’ is hydrogen or Cj to
Cg alkyl, Ry is hydrogen or the group
R3 C OR"
and wherein when R is
' |
J - Rg——C——OR"

wherein R and R3 are the same or different and are C2-C 12 alkylene with the
carboxy or ester group separated from S by a linear alkylene group containing at

least 2 carbons, and R' and R" are different and are hydrogen, C1-Cg alkyl.

| 7. A turbo oil compo_sitibn exhibiting enhanced resistance to
deposition and improved oxidative stability, said turbo oil formulation compris-
ing a major portion of a synthetic ester based base stock and a minor portion of a
sulfur containing carboxylic acid (SCCA) derivative, wherein the SCCA deriva-

tive is represented by the structural formula:
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wher ein ' err] linear alkylene, R is :%] }
(oo o MG e o ™ " ' EIMST 12049
Rlerr] aresx sanme ok dekfferent and are C2-C4 al kyl ene,‘-‘iw :

hydr ogen. 8. The turbo oil conposition of cl ai% , "gg grgjlfm‘sms '
or 7 wherein the SCCA derivative is used 4y an anmount in the range 100 to

- 2000 ppm 9. The turbo oil corr%osition of claim1l1, 2, 3, 4, 5 6
or 7 wherein the syntheti¢ ester based base stock is the esterification
product of an aliphatic polyol containing 4 to 15 carbon atons and from 2

to 8 esterifiable hydroxyl groups reacted with carboxylic acid containing
from4 to 12 carbon atons. 10. The tygrbo oil conposition of
claim9 wherein the synthetic ester based base §tock is,the esterification
product of technical pentaerRofritob—amtRymxtGre—ofOR err] to Jerr]

car boxylic acids. [err] _ -23 -

-

wherein R is C,-Cy linear alkylene, R' is hydrogen or Cy to Cg alkyl, Ry is

hydrogen or the group _
Rg——C——OR"
Z °
A
and wherein when Rj is
' |
R3— C OR"
Rj and Rj3 are the same or different and are C3-C4 alkylene, and R' and R" are
hydrogen.
8. The turbo oil composition of claim 1, 2, 3, 4, 5, 6 or 7 wherein
\:} | the SCCA derivative is used in an amount in the range 100 to 2000 ppm.

9. The turbo oil composition of claim 1, 2, 3, 4, 5, 6 or 7 wherein
the synthetic ester based base stock is the esterification product of an aliphatic
polyol containing 4 to 15 carbon atoms and from 2 to 8 esterifiable hydroxyl

groups reacted with a carboxylic acid containing from 4 to 12 carbon atoms.
10. The turbo oil composition of claim 9 wherein the synthetic

ester based base stock is the esterification product of technical pentaerythritol
and a mixture of C4 to Cy9 carboxylic acids.
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> . .

11. The t | ' jjiji on of claim 2 wherein the sul |ni/n&20uq\
.car boxyl i tllﬂ“mlui“mmlﬂm IS represented by the struct mm_ﬁl’za: b_ 98
[-err] whérefn 'R % sshydrogen or (Jerr]-Clerr] alkyl, R e u
[err] wherein R3is C2-C 12 al kylene with the carboxy ormgpﬁﬁm .‘8
separated from S by a |inear. al kyl ene g[ggp_ containing at |east 2 carbons,
arylene, Cerr]-Cerr] alkyl- substituted arylene, and R and R' are
different and are hydrogen, C[err]-Clerr] alkyl. X 12. The turbo
oil conposition of claim4 wherein R3is a (Jerr]-Clerr]- linear alkylene,

and Rlerr] is arylendl. The turbo oil ¢émpésitientofccldim 2ewiverem the subfarr esi st ance
to deposition and, i nprove the oxidation stability of a synthetic ester

based t ur bo confaipipgcagbonylicoacid derivativisgepresentedrby theswugturahforoudaoxy| i ¢
aci d (SCCA) derivative in an anpbunt in the range 100 to 2,000 ppm wherein
the SCCA derivative is represented by the struct@al formula: [err]

Rgy——S8— —C—0R'

wherein R' is hydrogen or C-Cg alkyl , Rj is the group

R3 C—OR

wherein R3 is C3-Cj2 alkylene with the carboxy or ester group separated from S
- by a linear alkylene group containing at least 2 carbons, arylene, C-Cg alkyl-
substituted arylene, and R' and R" are different and are hydrogen, C1-Cg alkyl

- 12, The turbo oil composition of claim 4 wherein R3is a Cp-C4
linear alkylene, and R is arylene. | '

~ 13. A method for enhancing the resistance to deposition and
improve the oxidation stability of a synthetic ester based turbo oil by adding to
said turbo oil a sulfur containi’xi_g carboxylic acid (SCCA) derivative in an
amount in the range 100 to 2,000 ppm, wherein the SCCA derivative is
represented by the structural formula: | a

=0

A
N
w
P,
e
O

OR'
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Q[NEFNM Shﬁmulmm“"m“““lkyl ene with the carboxy grouﬁagez ﬂfz,eg{g}ﬂ

| i near afrkyt ene grodp eontaining at |east 2 carbons (ﬁeﬁd} ﬂ@gB
C[err] al kyI substltuted arylene, R is (Jerr] to C[erri a'ky err] is
" hydr ogen. 14. A nethod for gahanm ng the resistance to
-deposition and i nprove the oxidation stabi'lity of a synthetic ester based
turbo oil by adding to said turbo oil a sul fur containing carboxylic acid
(SCCA) derivative in an anpbunt in the range 100 to 2,000 ppm wherein the

SCCA der i vatwhezeinsR | é9Cos€ s atiyliond withshe catboxy! groap separated fromes by a
wher ei n R[err] IS C{ﬂrr] CFerr] al kyl ene with the carboxy group separated

fromS by alineaealky nk:;grenp anmmng@hﬂ@shmtgﬂmﬂsl andene; CptwCgalkdr yi ene,

Clerr] to ﬁi al k sub te M R drogen or CJerr] to
Cerr] al kylu{’ tBF‘rd]%VLe“Fh ‘gh CaSXI EZIM%%R[err] and Rlerr] are
the sane or different and are C2-Cl12 al kylene with the carboxy or ester
group separated fromS by a linear alkylene group containing at |east 2

carbons, arylene, C qqr] Alfiefodfo efhdnin isgrRed t?rdépsgiﬁon%a R and R

are the sanme different and are hydrogen, err]-Cerr] alkyl. -
improve the oxidation stability of a synthetic ester based turbo oil by adding to
said turbo oil a sulfur containing carboxylic acid (SCCA) derivative in an
amount in the range 100 to 2,000 ppm, wherein the SCCA derivative is

) represented by the structural formula:

&

wherein R| is C2-C3 alkylene with the carboxy group separated from S by a
linear alkylene group containing at least 2 carbons, arylene, C to Cg alkyl
substituted arylene, R' is hydrogen or Cj to Cg alkyl, R is the group

| 0

{ B
b

wherein R and R3 are the same or different and are C2-C; alkylene with the
carboxy or ester group separated from S by a linear alkylene group containing at
least 2 carbons, arylene, C| to Cg alkyl substituted arylene, and R' and R" are
the same different and are hydrogen, C1-Cg alkyl. |

15. A method for enhahcing the resistance to deposition and

improve the oxidation stability of a synthetic ester based turbo oil by adding to

said turbo oil a sulfur containing carboxylic acid (SCCA) derivative in an
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t«ur bo oi |l & sul flur ®co#t at ni ng car boxylic acid (SCCA)
[err] -25 - anount nge 100t o
2,000 ppm wherein the SCCA derivative i s represent ed by the structural
formul a: [err] wherein Rerr] is _C[%?T] -C-err] linear alkylene,

. arylene, R is hydrogen or C1 to CJerr] alkyl, R2 is the group [err]-

wherein R[err] and R[err] are the sane or different and are CJerr]-Clerr]

| i near al ky ar ggﬁ: 2 nt and are
hydr ogen, %[t%?%?%ﬁ Wt& 0@@%}51 @ﬁ%gwﬁles H?HHJ gnm ng the
resi stance ,té@rég@ﬁ&;a ﬁy&{éﬁj‘lﬁmﬁpf&ﬁﬁxlhhe oxidation stability of a synthetic
ester based turbo oil” by adding to said turbo oil a sulfur containing
carboxylic acid (SCCA) derivative in an amountgin the range of 100 to 2,000
.ppm wherein the SCCA derivative is I

Ro S R1 Cc OR

wherein R} is C2-C4 linear alkylene, arylene, R'is hydrogen orCjtoCg alkyl
Ry is the group

O==0

R3 OR"
wherein R and R3 are the same or different and are C2-Cy4 linear alkylene,
arylene, and R' and R" are the same or different and are hydrogen, C1-Cg alkyl.

16. A method for enhancing the resistance to deposition and
improve the oxidation stability of a synthetic ester based turbo oil by adding to
said turbo oil a sulfur containing carboxylic acid (SCCA) derivative in an

\

amount in the range of 100 to 2,000 ppm, wherein the SCCA derivative is
represented by the structural formula:

OR

QO=—=0.

Ro——S8 R1
wherein R is C-C2 alkylene with the carboxy or ester group separated from S
by a linear alkylene group containing at least 2 carbons, R' is hydrogen or Cj to

Cg alkyl, Ry is hydrogen.

17. A method for enhancing the resistance to deposition and
improve the oxidation stability of a synthetic ester based turbo oil by adding to
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a linear ene @rodp €ont ai ni ng at =TI S hydro
Cerr] to C[err] alkyl, Rlerr] is hydrogen. - "~ 17. A nethod for
enhancing the resistance to deposition gfd inprove the oxidation stability
of a synthetic ester based turbo oil by adding to [err]
- 26 - said turbo oil a sulfur containing carboxylic acid (SCCA)

derivative in an amount in the range of 100 to 2, 000({) pm wherein the SCCA
derivati vesaid tosbor it asulfdr bynmhangtculnncylmlacicb(SﬁCA) erivafive n} anwher ei n
Rlerr] is Clerr]-Cerr] alkylene with the carhoxy ster. group separated
from S by amountin theirapgeat 160 ée3,000-ppmaw ?l éh%g@pe@dﬁﬁy Yesis R i s

hyd I hyd th
yarogen Olr'ep seernrtldlt)yth%[s?ti'&étmala l%rmulR[ err] is hydrogen or the group

=0

OR

O

Ry——S—Rq

wherein R is C3-C2 alkylene with the carboxy or ester group separated from S
. by alinear alkylgné group containing at least 2 carbons, R' is hydrogen or Cj to
Cg alkyl, R is hydrogen or the group '

[
R3 C OR"
and wherein when Rj is
0
I| )
R3- C OR

Rj and R3 are the same or different and are C3-C7 alkylene with the carboxy
or ester group separated from S by a linear alkylene group containing at least 2

carbons, and R’ and R" are the same or different and are hydrogen, C{-Cg alkyl.

'18. A method for enhancing the resistance to deposition and
improve the oxidation stability of a synthetic ester based turbo oil by adding to
said turbo oil a sulfur containing carboxylic acid (SCCA) derivative, whe;'ein the
SCCA derivative is represented by the structural formula:

o)

Ry——S——R Ic OR



[err] are the sane or different ang i e V-

‘al kyI erlﬂl”[mlﬂlﬂ“ﬂumtuﬂy or ester group separat ed f W RSNt~ JJ- nE% 9
~al kyl ene* grioupr cdnt &i ntng at |east 2 carbons, and R BRgF&REare the. or
different and are hydrogen, C(err]-Clerr] al kyI _ 18.” A met hod

for enhancing the resistance to deposi}d®n and i nprove the oxidation
Sstability of a synthetic ester based turbo oil by adding to said turbo oil
a sul fur containing carboxylic acid (SCCA) derivative, wherein the SCCA
derivative is represented by the structural fornula;

-27 - whaherein/R pis €21(4 Gnear alkyjese; R' isihysisogen oy Cq rtnggqallqyé, Ryds ogen or

VC\:[h:r]rkzt ?'s Srroréenort?{egrRz is hydrogen or the group [err] and wherei n
o)
R3— A OR"
| and wherein when Ry is
0O
-~ ' R3 ’I\I‘, OR"

R and R3 are the same or different and are C2-C4 linear alkylene, and R' and
R" are hydrogen.

19. Tﬁe_ method of claim 13, 14, 15, 16, 17 or 18 wherein the
synthetic ester based base stock to which the SCCA is added is the esterification
product of an aliphatic polyol containing 4 to 15 carbon atoms and from 2 to 8

esterifiable hydroxyl groups reacted with a carboxylic acid containing from 4 to

12 carbon atoms.

20. The method of claim 19 wherein the synthetic ester based base
stock is the esterification product of technical pentaerythritol and a mixture of
C4 to C2 carboxylic acids. a

21. The method of claim 14 wherein in the sulfur containing

carboxylic acid Ry is arylene.

22. The method of claim 15 wherein in the sulfur containing

carboxylic acid R is arylene and R' and R" are both hydrogen.
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