ENG NE O L COWGOSI TIONS BACKGROUND OF THE | NVENTION 1. Technical Field 5
The present invention relates generally to inproved |ubricating oi
conpositions containing additives and additive mxtures for use in

i nternal conbustion engines 2. Description of the Related Art Autonobile
spark ignition and di esel engi nes have valve train systens, including

val ves, canms and rocker arns which present special |ubrication concerns.
It is extrenely 10 inportant that the lubricant, i.e., the engine oil,
protects these parts fromwear. It is also inportant for engine oils to
suppress the production of deposits in the engines. Such deposits are
produced from non-conbusti bl es and i nconpl ete conbusti on of hydrocarbon

fuels (e.g., gasoline, dies éga ”@QPﬁgﬁﬂ? the deterioration of the
engi ne oil enpl oyed. Engine%%$$ 9%1 gmggnineral oil or a
synthetic oil as a base oil. However, 15 sinple base oils alone do not
provi de the necessary properties 19 prOV|de adequate wear protection,
deposit cBACKSIROEND OF Il INVENTION ot ect internal combustion engines.

Thus, base oils are fornmulated with various additives (for inparting
aUX|I|ary fﬂﬂ@ﬂdeﬁiusuch as, for exanple, ashless dispersants, netallic

detergents (i.e., netal- contalning detergents), antiwear agents,
ant i oxy dant s (Theeresenxindettioomelpioh gdnietadlys) immprpweidsbiicating dé xomBdkitiamer over s
and the like to produce a compounded oil, i.e., a lubricating oi

conposi t i edntainiAg Bidites 20l additdte sibgiraefopivke adoteinkM@bastorkemgites and enpl oyed
in practice. The nost common additive for engine lubricating oils has been

zi nc di al b cpkgiibidonips ReptAnrt because of their favorable characteristics
as an antiwear agent and perfornance as an

Automobile spark ignition and diesel engines have valve train systems, including
valves, cams and rocker arms which present special lubrication concerns. It is extremely
16 important that the iubrica.-nt, ie., the engine oil, protects tﬁese parts from wear Itis also
i.mporta;ut for engine oils to suppress the production of deposits in the engines. Such
deposits are produced from non-combustibles and incomplete combustion of hydrocarbon
fuels (e.g., gasoline, diesel fuel oil) an& by the deterioration of the engine oil employed.
Engine oils typically use a mineral oil or a synthetic oﬂ- as a base oil. However,
15  simple base oils alone do not provide the necessary properties te provide adequate wear
protection, deposit confrol, etc. required to protect nternal combustion engines, Thus,
base oils are formmlated with various additives (for imparting auxiliary functions) such
as, for example, ashless dispersants, metallic detergents (i.e., metal-centaining
detergents), anfiwear agents, antioxidants (i.¢., oxidation inhibitors), viscosity index
20  improvers and the like to produce a compounded oil, i.¢., 2 lubricating oil composition.
A number of such engine oil additives are known and employed in practice. The
most commor additive for _engine lubricating oils has been zinc dialkyldithiophosphates

because of their favorable characteristics as an antiwear agent and performance as an



1 oxidation inhibitor. However, a problemhas arisen with respect to the
use of zinc dialkyldithiophosphate, because phosphorous and sul fur
derivatives poison catal yst conmponents of catalytic converters. This is a
maj or concern as effective catalytic converters are needed to reduce
pollution and to neet governnental regulations designed 5 to reduce toxic
gases such as, for exanple, hydrocarbons, carbon nonoxi de and nitrogen
oxi des, in i. ternghpco stion engine exhaust _em ssion. Such catalytic
conver t er sOXigaRz ighipyor, ViVl AFHRATY B9 BRORRL FSPPRE toriftedisg of ang
platinumor_ variations, and nmetal oxides, and are installed in the
exhaust st fabgriditheophosphatsebassisa pbesphpioas aust sulfur derbiativesspoiton cabisvert t he
toxi ¢ gases to nontoxic gases. As previously nentioned, these catalyst 10
conponent scanponenis©0 rael vixy cdrvertgho Sk or Dusjcanchesml 5 effectivepatadyiics, or t he
phosphorous and sul fur deconposition product of the zinc

di al kyl di t binyphas phateededan deduce poltlitioglayd to b gus@n@bnteN@piletisis designed
cont ai ni ng phosphorous and sul fur additives may substantially reduce the

life andl efd08ide\61E Ease@buchab,abyédatild RY&OESbShs, HNIEHOESdd indWRkd&nbe
desirable to reduce the phosphorous and sul fur content in the engine oils

S0 as to nBAtAi intdie] domBekiby Eﬁgm@a@a&%&ﬁthh%uéﬂ éa%ﬂgtgc tasesatal ytic

converter. There 1s also governnental and autonotive |Inhdustry pressure
towards re I B%B§ 0 : fur. ent. FEor example,. United
States M Ig%bﬁa%a!;i/.@é]ts %%g%r S %‘{ﬁ%ﬁ?@?%ﬁ@%ﬁ?’t@%&ﬁ@éﬁﬁﬁa sm%%]fi ned by
t he Japanese.and United,States Autonpbile Industry Association at present
require T nESARoSHBF SHEIE0 BR et GG S Tt P PRES af SupoBeiR0. 10
wt. % wi th future phosphorous content being prqposed to even | ower |evels,
e.qg., 0.08 Y hR0HE FaseF o 1 C gHES et BV vdE mentionady thesseatalyst 2006.

- 10 components are poisoned by the phosphorous and sulfur components, or the phosphorous

and sulfur decomposition product of the zinc dialkyldithiophosphate; and accordingty,
the use of engine oils containing phosphorous and sulfur additives may substantially
reduce the life and effectiveness of catalytic converters. Therefore, it would be desirable
to reduce the phosphorous and sulfur content in the engine oils so as to maintain the
15 aciivity aﬁd extend the life of the cataiytio converter,
There is also governmental and automotive industry pressure towards reducing
the phosphorous and sulfur content. For example, United States Military Standards MIL-
L-46152E and the ILSAC Standards defined by the Japanesc and United States
Automobile Industry Association at present require the phosphorous content of engine
20  oils to be at or below 0.10 wt.% with future phosphorous content being proposed to sverl
lower levels, e.g., 0.08 wt.% by January, 2004 and below 0.05 wt.% by January, 2006.
At present, there is no industry standard requirement for sulfur content in engine oils, but

it has been proposed that the sulfur content be below 0.2 wt.% by January, 2006.



At present, there is no industry standard requirenment for sulfur content
in engine oils, but it has been proposed that the sul fur content be bel ow
0.2 w.% by January, 2006. 2 Accordingly, it would be desirable to
decrease the amount of zinc dial kyldithiophosphate in lubricating oils
still further, thus reducing catal yst deactivation and hence increasing
the life and effectiveness of catalytic converters while also neeting
future industry _standard praqoposed phosphorous and sulfur contents in the
engi ne oi |4¢ Brit wailgbe ﬁeﬁra@&ﬁoéﬁgﬁeﬁ&j the, amap gh eing fiabiyidithiophosphate

di al kyl di t hi ophosphate presents probl ens because this necessarily |owers
t he anti weizdulpoaties oiisstill dwthasxthustadoeing ptplypitdeastivetiapard hense wicrepting

| ubricating oil. Therefore, it is necessary to find a way to reduce
phosphor outke &fecang effectivenase of exttlytih cdrevestbis| whileedsaimdengg filtercandiswgar and

oxi dation or corrosion inhibiting properties of the higher phosphorous
and sul f urstaeaidgRbpedpivepiirbes antiGulfor Qindiéits hahe nsRtiowder, lspMgly i ng t he

amount of zinc dial kyl di thi ophosphate, other oxidation inhibitors such as

phenol glerdgéabiMethe aﬁmqnsoﬂmfmggﬁrdhaﬁﬁﬁodaﬁﬁeﬁe@&ts JienRYBL KRS this

antioxidants, e.g., aikylated diphenylam nes, have been used. However, the
oS O o RSN 2L BRchRb ek LB BB AL B perpootihe
pet or gent o RAUEEE b, PHYEEL Ms bR OB L R RGN Al PR it
depos t 5. ospiEk apte SRk e iy B4 A Bl & CABFGT (HopGre PBsTRLr
exanpl e, overbased sul fonates_such as magnesium sul fonate detergents are

al so ef f ectfitheligher ohorpherous ped SHET GREPDYSREHECPT-es i n

10 In order to compensate for lowering the amount of zinc dialkyldithiophosphate,
other oxidation inhibitors such as phenol derivatives, e.g., high overbased phenates, and
ashless antioxidants, e.g., alkylated diphenylamines, have been used. However, the use
-of such known oxidation inhibitors in plac.e of zinc dialkyldithiophosphate at best only
marginally satisfies the required levels of antiwear, oxidation inhibition and depesit

15 Qonh‘ol. |

Detergents have been added to impart a total base munber (TBN) to neutralize

acidic combustion products and to clean surfaces containing deposits. However,
detergents may impart undesirable properties. For example, overbased sulfonates such as
magnesium sulfonate detergents are also effective to eshance the antiwear properties in

20 valve train systems, but have drawbacks in that crystalline precipitatés are sometimes
produced when these engine oils are stored under humid or variable temperature
conditions for a long period of time. Such precipitates may cause plugging of the filter

which is instailed in the engine oil circulating system. Such plugging is more likely to



20 valve train systens, but have drawbacks in that crystalline

preci pitates are sonetinmes produced when these engine oils are stored
under hum d or variable tenperature conditions for a long period of tine.
Such precipitates may cause plugging of the filter which is installed in
the. engine oil circulating system Such plugging is nore likely to 3
occur when a | arge anount of the magnesi um sul fonate detergents is used to
enhance the desired antiwear properties. Additionally, the use of high
over based eHEFgERh? lrgaspoums of the gagaesipp selfonsty detmanisss gpedip epkanes theand

| ow overbased sul fonates contribute toward the sulfur content which, as
previ ous| ydesad kufivesir plogsrtise eAdgitiopdlyethefuse oEliighpfdroand dSergentasudhoas, i n t he
| evel s contained in the lubricating oils. Accordingly, as demand for
further defureasapliefsulfbest@hohhonaysndlont @ribaggitbulfondtéstohitributd theasighé ur
content of lubricating oils is very high, this reduction cannot be-
satisfied pyfikBEntBISRARIH, aPREIGUSS nddtiPhAC hi R e Pebp&idd! fbr 1Bt cdnpe severe
antiwear and oxidation-corrosion inhibiting properties, as well as

cl eanl i51es§ed(1éﬁ0§.mg%g?ﬁifonmdqﬁgﬁ&mﬂga%ﬂ?%gw red of today's engine oils.’

Thus, it would be e to develop lubricating oils, and additives

and, 20dL 1 ve packangigl G ELLs s 0 alero Rl sualotosEnosale 2nd

sul fur but whici ( d wear, o Fon-corrosion and
hi gher 1 ovEFS BBo e e e e b Ay B P SRR AEIRb0 it f o
fromthe disagvggg ges of the lupricating oil s di scussed abgve. U S

Pat ent No. S&iS PrFsetnyagey Ingpactisr afid sl weetihs sy gnywerard cont ai ni ng

oils, e.g., vegetable oils, with short saturated fatty acid polyol esters
t o obtai n exidgign-corrosion inhibiting properties, as well as cleanliness (i.¢., deposit protection)

10.  required of today’s engine oils. Thus, it would be desirable to develop lubricating oils,
and additives and additive packages therefore, having lower levels of phosphorous and -
sulfur but which still provide the needed wear, oxidation-corrosion and deposit protection
now provided by lubricating oils having, for example, higher levels of zinc

- dialkyldithiophosphate, but which do not suffer from the disadvantages of the lubricating

15 oils discussed above.

U.S. Patent No. 6,278,006 discloses transesterifying triacylglycerol containing
oils, e.g., vegetable oﬂé, with short saturated fatty acid polyol esters to obtain an oil
having improved lubrication properties. The patent further discloses that the oils can also
contain various other additives such as, for example, antioxidants, anti-foam additives,

20  anti-wear additives, corrosion inhibitors, dispersants and detergents.



havi ng i nproved | ubrication properties. The patent further discloses that
the oils can also contain various other additives such as, for exanple,
antioxi dants, anti-foam additives, 20 anti-wear additives, corrosion

i nhibitors, dispersants and detergents. 4 SUVMARY OF THE I NVENTION In
accordance with the present invention, lubricating oil conpositions having
hi gh antiwear, oxidation-corrosion and deposit protection, but which have
| ow | evel s of phosphorous and sulfur, are provided. In one enbodi nent of
t he presenguMMARY or, TR BNVBERTIGNAt i ng oil conposition is provided
conprising (a) a major anmount of a base oil of lubricating viscosity and

(b) a m nor depﬁﬁdo%ox'd%e%ﬁi ﬂﬂgpf‘e%én‘%‘ﬁideﬂﬁoxﬁ'm&'i@&ur%f oifod; %a.r?gp}al‘é%‘/@[?%gg?t one

prepared by transesterifying at least one glycer est
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i nvention ating 0| conpo conprising. (a) a
maj or anou of a base atin cosity, and (b) a . mnor

deposi t - i nRAYSPRFTAYS @]fdf \%e pﬁ%gfﬁft fm%gli”g‘é‘ﬁﬂe’& é}? F&‘ %?f"e%{:fon’r Bast one
first polyol . ester of the general formua: 0 CHz OR O (f) CH AOI-R2
1 '11 S 7 lubricating oil composition 1s provided comprising (a) a major amount of a base oil of

lubricating viscosity and (b) a minor deposit-inthibiting effective amount of a reaction
product prepared by transesterifying at least one glycerol ester and at least one non-
glycerol polyol ester. |
In a second embodiment of the present invention, a lubricating oil composition is
10 provided compﬁsing.(a) a major amount of a base oil of lubricating viscosity and (b} a
miﬁor deposit-inhibiting effective amount of a reaction product of at least one first polyol

ester of the general formuia:

I o]
CH»«---—opj«—m——R2 Y
[ 0
|
CH,— 0C——R

15  wherein R', R? and R’ are independently aliphatic hydrocarbyl moieties having 4 to about

75 carbon atoms; and at least one second polyol ester of the general formula:



CH- OR3 15 wherein R, R2 and R3 are independently aliphatic hydrocar byl
noi eties having 4 to about 75 carbon atons; and at | east one second
pol yol ester of the general fornmula: 5 O OClL - R4 (CH2)x R C- (CH)y O
Nit e OCR5 R wherein x and y are the sane or different and are integers
froml to 6, R4 and R5 are independently aliphatic hydrocarbyl noieties
having 4 to 24 carbon atons and R6 and R are independently hydrogen, an
~aliphatic hydrocarbyl noiety having 1 to 10 carbon 5 atonms or 0 (CH 2)z -
Ol' - Rs wherein z is an integer fromO to 6 and R$ is an aliphatic
hydr ocar byl noiety having 4 to 24 clhrbon atons. In a third enbodi nent of
the present invention, a nmethod of gperatif©ig an internal 10 conbustion
engine is provided conprising operating the internal conbustion engine
with a lubricating oil conposikﬁ%g conprising (a) a major anmount of a
base oil of lubricating * ‘
R’ e Ce (CHy), 0 I
N
OC—R
RS

wherein x and y are the same or different and are integers from 1 to 6, R* and R® are
independently aliphatic hydrocarbyl moieties having 4 to.ﬁ4 carbon atoms and R® and R’
are independently hydrogen, an aliphatic hydrocarbyl moiety having 1 to 10 carbon

5 atomsor |

O

(CHy), —— 0C——R®
wherein z is an integer from 0 to 6 and R? is an aliphatic hydrocarbyl moiety having 4 to
24 carbon atoms.
In a third embodiment of the present invention, a method of operating an internal
10 combustion éngine is prdvided comprising operating the internal combustion engine with
a hubricating oil composition comprising (a) a major amount of a base oil of lubricating
viscosity and (b) a minor deposit-inhibiting effective amount of the.foregoing reaction
products. |
In another enibddiment of the present invention, a low-phosphorous or
.15 phosphorous-free lubricating oil composition is provided comprising (a) a major amount
of a base oil of lubricating viscosity and (b) a minor deposit-inhibiting effective amount
of the foregoing reaction products; wherein the composition has a phosphorous content

not exceeding 0.08% by weight, based on the total weight of the composition.



viscosity and (b) a minor deposit-inhibiting effective anmount of the
foregoing reaction products In. another enbodi ment of the present

i nvention, hos Qr ous hosphor ous-free | ubrl cating oil
conposi ti on |La?ﬂﬂ8€\‘} Bg’ ﬁ0§1" %35 MXCHEIP 3f 2amelifg of gperatingade inerpal of
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conpri si ng operat [ gtght he 1 nternal usti1on engl ne ospﬁorous
or phBsPRsYTEignt efdhg ¢BPPEEeT ng oi | conposition conpri si ng (a) a ngjor
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ffectlve anount of e _fore 0| ng. reacti on products;
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ot her gdgivhicV&P of RBlibAdg VoD a8 ab) 085 Q4 I10 %W%’s&d‘ G the t§1ﬂf: bve%ﬁt’ of 1?15
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non- gl ycer oIn pedcynd ampedtetherevih provided thHebrizetingosi tdngusitias can@Bg b4 aldpr

cont ent Oipt opﬁ(ﬁagce&& Eﬂulgicgl%g viscosity and (b) 0.05 to 10 wt. %, based on the total weight of the

composition, of a reaction product of at least one first polyol ester of the general formula:

CH—— OC—R’ @

wherein R', R’ and R’ are independently aliphatic hydrocarbyl moieties having 4 to about 75 carbon

atoms; and at least one second polyol ester of the general formula:

I

oc—r*
/
(CHZ)X
R'—— C— (CHy), (”) an
oC R’
R6



w .

wei ght of the conposition. In a second aspect,

of

wei ght

| ubricating viscosity and (b) 0.05 to 10 w.

pol yol ester of the general formula: O

CH2 O GyirodRR, mf,ﬁ‘duehﬁémcaﬁ%mefétmvﬁg@td mﬂ%ﬂ%&%y al I phatlc hydr ocar byl

noi eti es having 4 to about 75 carbon atoms; and at

pol yol ester of the general fornula: Opll OCR4

0

Il OGRS Re7

(CHy), oCc——R®

% and a sul fur content not exceeding 0.2 wt.

%
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based on the total
there is provided a

| ubr i cahbRE Oidd CAVRRShE 8N dBRRRY dndi aROinfe8drs AofBl «ars RABRURL 40 fnd8p etlaéﬁF/O' |

based on the tota

alﬁf RrF %?BS hd@é&%%écﬁﬂ&ﬂ

| east one second

(CH2)x (11)

RC(CH)y

wherein z is an integer from 0 to 6 and R® is an alipbatic hydrocarby! moiety having 4 to 24 carbon

atoms, wherein the composition has a phosphorous content not exceeding 0.08 wt. % and a sulfur

content not exceeding 0.2 wt. %, based on the total weight of the composition.

In a third aspect, there is provided a method of operating an internal combustion engine

comprising operating the internal combustion engine with a lubricating oil composition comprising

(a) a major amount of a base oil of lubricating viscosity and (b) 0.05 to 10 wt.%, based on the total

weight of the composition, of a reaction product of at least one first polyol ester of the general

formula:

Ly

wherein R', R* and R’ are independently aliphatic hydrocarbyl moieties having 4 to about 75 carbon

atoms; and at least one second polyol ester of the general formula:

]

oCc ——pr*
e
(CHa)y
R’ —— C— (CHy), i
_ OC—FR’
R6

7a

(1)



wherein x and y are the sane or different and are integers froml to 6, R4
and RS are independently aliphatic hydrocarbyl noieties having 4 to 24

car bon vabRiIEx Mty 76 tNdmEé: %ﬁ%rehpgﬁ%@ﬁ%&ljs Bfromh]yfé)rfyo ge Qlild Rnﬁgéﬁg&%%y%

hydrocar byl noi ety having 1 to 10 carbon atons or

wher ei Qiighati® hdobdtbyd IRSietlet qmﬂgg t40 P 22NdrpBR a!to%lsaghciai{6 BRARY Cur Xx%f g&lﬁ&wl

noi ety having 4 to 24 carbon atons, wherein the conp05|t|on

PhoSPh s @ CanliRsc Aot GRRARGH aomgate{wom(q?ﬁ% gpul fur  content not

exceedi hg ed“on t al wel e conposition. In a
third aspect, there is provided a nethod of operating an internal
conbustion engine conprising operating|the internal conbustion engine
with a lubricating oil conp05|kﬁpp co EISI (a) a major amount of a
base oil of lubricating V|sc05|ty “and 5to 10 wt. @6 based on the

rrot papcard isdh idlg; SOTRNS g lso%"o?}?ﬁ‘?ﬁ%%%”%ﬁ%%% 2T o
CHz O gtomh,RéhééQﬁ rﬂ?é &mﬁosm l}%rlgp 13k os cgqugx@ %QP%!Q edynlgad égowf"m} %n&'xg{l'@nar byl

noi eties having 4 to about on at ons, east one secC

pol yol S Bot%ggcetegﬁﬁg §¢ %.r‘}%,l bage(a oﬂll!llleatotal weight of the composition.

The term “glyceride” as used herein refers to glycerides that are derived from natural, i.c.,
animal or plant, sources, and to glycerides that are synthetically produced. Glycerides are esters of
glycerol (a trihydric alcohol) and fatty acids in which one or more of the hydroxyl groups of glycerol
are esterifted with the carboxyl groups of fatty acids containing from about 4 to about 75 carbon
atoms and preferably from about 6 to about 24 carbon atoms. The fatty acids can be saturated or
unsaturated, linear, branched or cyclic monocarboxylic acids. Where three hydroxyl groups are
esterified, the resulting glyceride is denoted a “triglyceride”. When only one or two of the hydroxy!
groups are esterified, the resulting products are denoted “monoglycerides” and “diglycerides™,
respectively. Natural glycerides are mixed glycerides comprising triglycerides and minor amounts,
e.g., from about 0.1 to about 40 mole percent, of mono-and diglycerides. Natural glycerides include

e.g., coconut and soybean oils. Synthetically produced

7o



O Il OC- R4 (CH)x (Il) RICG(CH2)y 0 11 OC RS R6 7a wherein x and y
are the sane or different and are integers froml to 6, R and R5 are

i ndependently aliphatic hydrocarbyl npieties having 4 to 24 carbon atons
and R6 and R are independently hydrogen, an aliphatic hydrocarbyl noiety
having 1 to 10 carbon atonms or O Il (CH2)z - OC- R8 wherein z is an
integer fromO to 6 and R8 is an aliphatic hydrocarbyl noiety having 4 to
24 carbon atons, wherein the conposition has a phosphorous content not

exceedi ng QV‘% AW are YRR AR BY diond SR G YeadtRh b%i%@e%ﬁ%{ﬂgro@agd Weatty % 3based

on the total weight of the cbnposition. The term"gl eri-de” as-use
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mixture thereof. The fatty acid itself can be derived from, for example, natural, i.e., plant
5  oranimal, sources. Examples include, but are not limited to, caproic, caprylic, capric,
1am'io, myristic, palmitic, stearic, .arachidic, oleic, linoleic and linolenic acids, and
mixtures of any of the foregoing. The synthetically produced glycerides will contain
from about 80 to about 100 mole percent triglycerides with the balance, if any,
representing from about 0 to about 20 mole percent mono and di-glycerides, presentin
10 admixiure with tﬁglycerides.
The present invention advantageously provides lubricating oil compesitions
which provide deposit protection in addition to high antiwear and oxidation-corrosion
protection. The lubricating oil coﬁpositions can also provide such protection while
having only low levels of phosphorous, i.e., less than 0.1%, preferably not exceeding
15 0.08% and more preferably not exceeding 0.05% by weight and low levels of sulfur, i.e.,
not exceeding 0.2% by weight, bosed on the total weight of the composition.
Accordingly, the lubricating oil compositions of the present invention can be more
environmentally desirable than the higher phosphorous and sulfur Iubricating oil
compositions generoﬂy used in intemal combustion engines because they facilitate longer
20 catalytic converter life and activity while also providing the desired high deposit

protection. This is due to the substantial absence of additives containing phosphorus and

sutfur compounds in these lubricating oil compositions. Conventional lubricating oil



are esterified with the carboxyl groups of fatty acids containing from
about 4 to about 75 carbon atons and preferably from about 6 to about 24
carbon atons. The fatty acids can be saturated or wunsaturated, |inear,
branched or cyclic nonocarboxylic acids. Where three hydroxyl groups are
esterified, the resulting glyceride is denoted a "triglyceride". Wen only
one or two of the hydroxyl groups are esterified, the resulting products

are denoted "monogl ycerides" and "diglycerides", respectively. Natural
glycerid e%oﬁfp@mﬂbfﬁ;egn VRS IHERS R icShiaG r%rahgay%@gu Raserdatons dTQtch
anounts, .g., fromabout 0.1°t0 about 40 nol e percent, of nono-and

dlglycerlqﬁaﬁ1 g@tural gl ycerides include e.g., coconut and soybean oils.
Synt heti ca produced 7b gl ycerides are synthe5|zed by the condensati on
reaction betmeen glycerol and a fatty acid or mxture of fatty acids
contai ning fromabout 6 to about 24 carbon atons. The fatty acid can be a
saturated or é&%ﬁ@éﬁ&é&i@@#ﬂﬁiﬁcarboxylIC acid
or mxtur : ; - from for
exanple, natural, i.e., Iant or animal, sources. l.es inc|ude, but

are not |imtedthas be@afwaﬂéhat @&ﬁ?‘gﬂfﬁ’%au‘tndﬁral rginor ﬂ%ﬂ?ﬁ%ﬂhl g stfpctive
palmtic, stearic, arachidic, oleic, linoleic and |inolenic acids, and

m xt ures cimamyofthe faregding wgeiongrodsts infpraheiet eapuny op p barscikpidiyieingles
will contain fromabout 80 to about 100 nole percent triglycerides with
t he bal ancéscokity alventaggomplygseviddsrngedlieondambsitproGction abiotenf 0omblstioper cent
nmono and di-glycerides, present in 10 adm xture with triglycerides. The

present réﬁgﬂl 5.0 hadMadTbarg fouta] tatphicse rabals tatlbel a2hieh eindubricdnpoRi ti ons
whi ch provide deposit protection in addition to high antiwear and

oxi.dat i on- &ﬂ{ﬁoﬁﬁb%avﬁ{gqb%qﬁ‘!’e@sr‘ef phB§h bk iceAtinie: MiditieoPesiihd ons can al so.
provi de such protection wh
10  dialkyldithiophosphates, and low levels of sulfur-containing additives, e.g., high
overbased sulfonates, low overbased sulfonates such as magnesitﬁn sulfonate detergents,
etc. However, the sulfur in the inventive lubricating oil composition may be in any form.
For exarriple, the sulfur may be elemental sulfur or it may be present in the lubricating oil
composition or added to the lubricating oil composition as part of a sulfur-containing
15  compound. The sulfur-containing compound may be an inorganic sulfur compound or an
organic sulfur compound. The sulfur-containing compound may be a compound
containing one or more of the groups: sulfamoyl, sulfenamoyl, sulfeno, sulfido,
sﬁlﬁnamoyl, sulfino, sulfinyl, sulfo, sulfonio, sulfonyl, sulfonyldioxy, sulfate, thio,
thiocarbamoyl, thiocarbonyl, thiocarbonylamino, thiocarboxy, thiocyanato, thioformyl,
20  thioxo, thioketone, thicaldehyde, thioester, and the like. The sulfur may also be present
in a hetero group or compound which contains carbon atoms and sulfur atoms (and, .

optionally, other hetero atoms such as oxygen or nifrogen) in a chain or rimg. The sulfur-

containing compound may be a sulfur oxide such as sulfur dioxide or sulfur trioxide. The



having only low | evel s of phosphorous, i.e., less than 0.1% preferably
not exceeding 15 0.08% and nore preferably not exceeding 0.05% by wei ght
and low |l evels of sulfur, i.e., not exceeding 0.2% by weight, based on
the total weight of the conposition. Accordingly, the lubricating oi
conpositions of the present invention can be nore environnentally
desirable than the hi gher phosphorous and sul fur |ubricating oi
conpositions generally used in internal combustion engi nes because they

facilitate Iy Ay L4 kY L& al so
provi di ng f e 3§§F%gdﬁﬁ%g%%%%p s?@xﬁ%%g%ég%ﬁgﬁ@ﬂgﬁggh?% ﬁgM%% ?he
subst anti al,-,absgnce, of additive

containin hospher us_and _ sul f yr,
Conpounds  IWTRGSEST GCaernY ThrHY Bo Risoeltth BRER S dn BlosorMiccat i ng
oil 8 conpositions, on the other hand, typi.cally contain relatively high
concent r at PRTISVEIoL e fverd @F’G@é@gsgfﬂﬁ%%uﬁﬁéﬁllﬁ?m- OF THE PREFERRED
EMBODI MENTS 5 It _has been found that the_ incorporatiion of a m nor
deposi t - i nhi bi t iThglubripeing aicompepitigps off thisHavangpr geludg a5 & A6t FOMPHIeBtRICT S
into a major anount of a base oil of lubricating viscosity advantageously
provi de§ exwgdr apmuntiefiesd ¢il pflubvetingviscesifyne.gr aabmeatobist iewst 40 sigiones. |t
has al so been found that these results can be achieved in |ubricating oi
conposi t i omssférabliyngodt@d tb ebw@it 98 oft. and praferabiy-abantVite kgt &bl eitt %oyesed €. g. ,
zinc 10 di al kyl di t hi ophosphates, and | ow | evel s of sul fur-containing

addi tives, oftih totalivgipht GBS babsskittonl MRakESssidOWagv@rhasest isdtih@raties such
as magnesi um sul fonate detergents, etc. wever, the sulfur in the

e e, WA 0.0 oo b A LN R |
oi | that is produced by a single manufacturer to the same specifications (independent of feed
10 source or manufacturer's location): that meets the same manufacturer's specification; and
that is identified by a unique formula, product identification number, or both. Typically,
individually the oils used as its base oil will have a kinematic viscosity range at
100°Centigrade (C) of about 2 centistokes {cSt) to about 20 ¢St, preferably about 3 ¢St to
about 16 ¢St, and most prefcrably about 4 ¢St to about 12 ¢St and will be selected or
15  blended depending on the desired end use and the additives in the finished oil to give the
desired grade of engine oil, e.g., a lubricating oil composition having an SAE Viscosity
Grade of OW, OW-20, OW-30, OW-40, 0W-50, CW-60, 5W, SW-20, SW-30, SW-40, 5W-
SO,SYVL6O;IOVV,IOVVLZO,IO\UZSO,1OVVL4O,IOVV—SO;ISVV,ISVV-ZO;ISiVF301n:15YVL
40.
20 Base stocks may be manufactured using a variety of different processes including,
but not limited to, distillation, solvent refining, hydrogen processing, oligomerization,

esterification, and rerefining, Rerefined stock shall be substantially free from materials

introduced through manufacturing, contamination, or previous use. The base oil of the

10



conposition or added to the lubricating oil conposition as part of a

sul fur-containing 15 conpound. The sul fur-containing conpound nmay be an

i norgani ¢ sul fur conpound or an organic sul fur compound. The

sul fur-cont ai ni ng conmpound nmay be a conpound containing one or nore of
the groups: sul fanoyl, sulfenanoyl, sulfeno, sulfido, sulfinanoyl,

sul fino, sulfnyl, sulfo, sulfonio, sulfonyl, sulfonyldioxy, sulfate, thin,
t hi ocar banmoyl , thi ocarbonyl, thiocarbonyl am no, thiocarboxy, thiocyanato,

t hi of or nyl (.-t hi e : i Q%%ﬁﬂy i : . i ke.
The sulfuHu%égﬂggggéggp%g%gggﬁﬁﬂ?ﬁw%ﬁkgﬁero 5936&%?Q§§%§%ﬁﬁﬂﬂﬂﬁ%§ﬁg
contai ns carbon at. and suyl-fur atons, ((and ptionall.y,. . other hetero
Stoms. sucH e Sy SuBedR hopiheg A ErE Siscifdie B Y Bk S R pratare
cont ai ni ng. conpound mayhe a_sul fur oxi de such as sul fur djoxide or sulfur
trioxide. ﬁrq*reﬂmoéﬁrmmz&%?ngmtﬁﬂﬁawrf%lﬁmgfmwfﬁaw 5 §%E 8Nt i onal |y
added to the inventive lubricating oil conposition, or it may be present
in the baseolyslphaglefingr BAD @S, ﬁbﬁr@n%b’d&orﬁtrbmamtheﬁwsoorséwe% HEng PRTRA | ve

| ubricating oil conposition as an inpurity. The lubricating oil

conposist i onsnaxidetdniddydnogemgisensicheb uteFiskeralthpsch pravessp dnprefersed besen] or
anount of base oil of lubricating viscosity, e.g., an anount of at | east
40 W . %. ispnefhar aalprisedoiit, iB 5oy, healydiuction e, [itde, afuhyplub efldbikcfioratout 90
to about 95 wt. % based on the total weight of the conposition. The

- expr essi onyisdeaise2®idt or Afphusgd ober.ein shall be wunderstood to nean a base
stock or blend of base stocks which is a |ubricant conponent that is

produced by a sjpd.& &Pﬁ%%ﬁbﬁ@a ﬁ&nﬁ&tﬁrafﬁmca%ﬁg%h&,isgra@ala@@mﬁwg@pendent
of feed 10 source or manutfacturer's location): that neets the sane

T RS S bl By WA
10 of synthetic wax and slack wax, as well as hydrocracked base stocks produced by
hydrocracking (rather than solvent extracting) the aromatic and polar components of the
crude. Suitable base oils include those in all APT categories I, I, III, IV and V as defined
in API Publication 1509, 14th Edition, Addendumi I, Dec. 1998. Group IV base oils are
‘polyalphaolefins (PAQ). Group V base oils include _éIl other base oils not included in
15 Group I, I, I, or IV. Although Group II, III and IV base oils are preferred for use in
| this invention, these preferred base oils may be prepared by combining one or more of
Group L, IL, IIT, IV and V base stocks or base oils.
Useful natural oils include mineral lubricating oils such as, for example, liquid
petroleum oils, solvent-treated or acid-treated mineral Tubric ating oils of the paraffinic,
20 naphthenic or mixed paraffinic-naphthenic types, oils derived from coal or shale, animal
oils, vegetable oils (e.g., rapeseed oils, castor oils and lard oil}, and the like.

Useful synthetic Iubricating oils include, but are not limited to, hydrocaﬂfon oils

and halo-substituted hydrocarbon oils such as polymerized and interpolyimerized olefins,

11



individually the oils used as its base oil wll have a kinematic viscosity
range at 100Centigrade (C) of about 2 centistokes (cSt) to about 20 cSt,
preferably about 3 ¢St to about 16 cSt, and nost preferably about 4 cSt
to about 12 ¢St and will be selected or 15 bl ended depending on the
desired end use and the additives in the finished oil to give the desired
grade of engine oil, e.g., a lubricating oil conposition having an SAE
Viscosity Gade of OW OW20, OMB30, OM40, OM50, OM60, 5W 5W 20,

5W 30, 5W40, 5 5W 6 I | OW 2 l. | OV 40, | 50, 15W

T 20; * 15 0 BSPRSS RS R R P R AR g a
vari ety of d'ifferent proclssses incluyding,  but not limted to,

di stiliati dRybyBlepehoRERRXHES) PRIN RyEmepy BRledsieseneshrnd Bedike 28d i on,
esterification, and rerefining. Rerefined stock shall be substantially
free from raikbrgsdhereof plkybanceaes weh sudttiearhertzanssuietradgcylbormeass, nat i on, ~ or
previ ous use. The base oil of the 10 lubricating oil conpositions of this
i nvent i on rsonybbeazepes di(@retiyllexyhyoetivats, end therdikegtalyydenyia sehak biphGuis, abl e
hydrocarbon synthetic oils include, but are not limted to, oils prepared
fromthe patiyheryly alkiyrdgblghbyignaed te Hiepikilhed gphyig tiheatandallgiated

1-ol efins such as pol yal phaol efmor PAO oils, or from hydrocarbon

synthesi s geAfuETcY shdGe GRAPAR e SRR XhHRordlfe WAL OORA 19amigs such as in
a Fi sher-Tropsch process. A preferred base ol is one that conprises

| - . . N
little, if any, d@&%ﬁ%é&%@gi%bgiégﬁnﬁ#ﬂstﬁ&&de b{lt a%%%ot%%‘r‘ﬂ ﬁtg,'olil f Qehlon of

viscosity 20 cSt or e base 0l errve ro
natural lubricatin ids, nt.hetd ¢ .l ubri cati i,ls or m xtuyr t her eof .
Suitabl e b s"g%g?qz‘li%n"g?‘%fée"sf TR IR el Hgrfe B %ﬁﬁ?%w%a@i Jylenes,

isobutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are

10 well known to those skilled in the art,

Additional useful synthietic hydrocarbon oils inciude liquid polymers of alpha
olefins having the proper viscositf. Espectally useful synthetic hydrocarbon oils are the
hydrogenated liquid oligomers of Cs to Cy; alpha olefins such as, for example, [-decene
trimer.

15 Another class of useful synthetic [ubricating oils include, but are not limited to,
alkylene oxide polymers, i.e., homopolymers, interpolymers, and derivatives thereof
where the terminal hydroxyl groups have been modified by, for example, esterification or
etherification. These oils are exemplified by the oils prepared ﬂlréugh polymerization of
ethylene oxide or propylene oxide, the alkyl and phenyl ethers of these polyoxyalkylene

| 20 polymers (e.g., methyl poly propylene glycol ether having an average molecular weight
of 1,000, diphenyl ether of polyethylene glycol having a. molecular weight of 500-1000,

diethyl ether of polypropylene glycol having a molecular weight of 1,000-1,500, etc.) or

12



10 of synthetic wax and slack wax, as well as hydrocracked base stocks
produced by hydrocracking (rather than solvent extracting) the aromatic
and pol ar conponents of the «crude. Suitable base oils include those in
all APl categories I, Il, IIl, IV and V as defined in APl Publication
1509, 14th Edition, Addendum |, Dec. 1998. G oup |V base oils are

pol yal phaol efins (PAO). Goup V base oils include all other base oils not

included in 15 Goup I, IT, Ill, or IV. Although Group IT; Ili and |V base
oils are preferred for. use i t.hi s inventi.on, thes referred base oils
ay be pr OB AR EpoLBBT R et LRI Seprlp e Befo SR mpGR G

base stocks or base oils. eful natyral oils include mperal |ubricating
oi I's such GxCs fady agidasisrseor g Guowo a‘ﬁgfifeﬁeéﬁ eBRgaylensagt -treated or
acid-treated mneral lubricating oils of the paraffinic, 20 naphthenic or
n xed par af fi ni ¥etrpapthenadess of useid syntbetioslubréeatips @ils inslvde.dus awsmos Hagited ani mal
oils, vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and
the |ike. fosthtektesyoitivatborylicsrds eat,iphthabic lasidj swetingecidpalkybuecinstacidsyri t ed
to, hydrocarbon oils and hal o-substituted hydrocarbon oils such as

pol yners zedkantsicoings podsy lleiczed, atebfi¢ ndd, subdriceach, selppoicybid| filnetresacid,

pol ypropyl enes, propyl ene-isobutyl ene copol yners, chlorinated

pol ybut yl engsic afial Moleib g€ ARS):, mAOhiy¥ cdidoGligN esloniPaids( dikelgs endslic and the

| i ke and mxtures thereof; allcyl benzenes such as dodecyl benzenes,

tetradecyl benzgnesitn ARe0rBREANR S, Wi Zi@hhly hAgxykondielhaengaicorftd t he
| i ke; pol yphenyls such as”bi phenyl's,” 5 t'erphenyls,” al kyl at ed "pol yphenyl s,

o e L f BBl AR ORI Des A0l Al A, lpigRH gL cos
lr:,;g]; u lby Sy nég]e%}éccexgr%gfeis 33 %hlesn eges%irsl irslcﬂlgec &1%9,871 adkigéte,acfi&- erﬁ%;lhéxiyﬁisébggatg,odi-ngi I's
10 hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,
didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the
complex ester formed by reacting one mole of sebacic acid with two moles of
| tetraethyleﬁe giifcol and two moles of 2-ethylbexanoic acid and the like.
Esters useful as synthetic oils also include, but are not Iimited to, those made fiom
15  carboxylic acids having from about 5 to about 12 carbon atoms with alcohols, e.g.,
methanol, ethanol, etc., polyols and polyol ethers such as neopentyl glycol, trimethylol
propane, pentaerythritol, dipentaerythritol, tripentaerythritol, and the like.
Silicon-based oils such as, for example, polyalkyl-, polyaryl-, polyalkoxy- or
polyaryloxy-siloxane oils and silicate oils, comprise andther useful class of synthetic
20  lubricating oils. Specific examples of these include, but are not Hrrﬁted to, tetraethyl
- silicate, tetra-isopropyl silicate, teﬁa—(il—ethylhexyi) silicate, tetra~(4-methyl-
hexyl)silicate, tetra-(p-tert-butylphenyl)silicate, hexyl-(4-methyl-2-pentoxy)disiloxane,

poly(methyl)siloxanes, poly(methylphenyl}siloxanes, and the like. Still yet other useful

13



pol ynerizing olefins of |less than 5 carbon atons such as ethyl ene,

propyl ene, butyl enes, isobutene, pentene, and m xtures thereof. Methods
of preparing such polymer oils are 10 well known to those skilled in the
art. Additional useful synthetic hydrocarbon oils include liquid polyners
of alpha olefins having the proper viscosity. Especially useful synthetic
hydrocarbon oils are the hydrogenated liquid oligoners of C6 to Cl2 al pha
ol efins such as, for exanple, 1-decene triner. 15 Another class of useful

synthetic lubricatjng oils include, but are not limted to | kyl ene

o e pol y e TobrChis ol ik it ereios Pitied b o BanirstPbosiotis " her eof
where the term nal hydroxyl groups have been nodified by, for exanple,

est eri fi catdoBigingre acidsheg) fiwei] pirsPiEie ddody] rhosphatee disthyl pstered desanehe oi | s
prepared t hrough polynerization of ethylene oxide or propyl ene oxide, the
al kyl and pthesppiiorat ird,stof pdiyegis tpothydsofuiaks drsitbe iRe.pol yners (e. g., nethyl
poly propyl ene glycol ether having an average nol ecul ar wei ght of 1,000,
di phenyl et her Gthepdiricatifiydiénay gk deddedeor narefined) kit and weefgtet ofif,

500- 1000, diethyl ether of polypropylene glycol having a nol ecul ar wei ght

of 1, 00G- 1,586k na@ir6l, dyridetic b2 miiBiiRs offh HOhyGATRAX ¥ thescaFHRS §pé AigEIBR such
as, for exanple, the acetic esters, mxed C3-C5 fatty acid esters, or the

CL30x0 aci dyliiephel Qﬁrehﬁ&cf ‘ﬁfst%?%g@@@olﬁﬁiﬁg@&ecﬁ?tﬁlo?ﬁ‘mQ%Qe\tgfai lgllo%ﬁ?% soiged ul

synthetic lubricating oils inc but are no e esters of

di car boxyl i@ﬁa%ﬁ?slﬁlegbftﬁ%ﬁ?@g&%ﬁiﬁ@gﬁ@%@@gﬁ%ﬂ O@.It}%, G%HCCi ni c

acids, 5 al'kényl” succrnic aci I al c acl Stberic acid,
sebaci ¢ acl g Loar ¢, B0l 0L AELS ol KROLELC. AL PLR . FRLAY ©
from retorting operations, a petroleum oil obtained directly from distillation or an ester

10 oil obtained directly from an esterification process, each of which is then used without
further treatment. Refined oils are similar to the unrefined oils except they have been
further treated in one or more purification steps to improve one or more properties.
These purification techniqgues are known to those of skill in the art and include, for
eXamPle, solvent extractions, secondary distillation, acid or b"afse extraction, filtration,

15  percolation, hydrotreating, dewaxing, etc. Rerefined oils ére obtained by treating used
oils in processes similar to those psed to obtain refined oils. Such rereﬁnéd oils are also
known as reclaimed or reprocessed oils and often are additionally processed by
techniques directed to removal of spent additives and oil breakdown products.

Lubricating oil base stocks derived from the hydroisomerization of wax may also

20 Dbe used, either alone or in combination with the aforesaid natural and/or synthetic base

stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or

synthetic waxes or mixtures thereof over a hydroisomerization catalyst.
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acids, etc.,. with a variety of alcohols, e.g., butyl alcohol, hexyl

al cohol , dodecyl al cohol, 2-ethyl hexyl alcohol, ethylene glycol,

di et hyl ene gl ycol nonoet her, propylene glycol, etc. Specific exanples of
these esters include dibutyl adipate, di(2-ethyl hexyl)sebacate, di-n 10
hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
di octyl phthalate, didecyl phthal ate, dieicosyl sebacate, the

2- et hyl hexyl diester of Iinoleic acid dimer, the conplex ester formed by
reacting one noJ e of sebaci %gltmn mol es o et raet hyl ene %yco

and two noles oN2BIALPRFFITES CKTH*PHEP YR DELP splyerEpaTing
synthetic oils also include, but are not limted to, those made from 15
car boxyl i craETdSURYIHgHT Wakssapvpicslly theatsurodiped By B isahsimbramsdh

al cohols, e.g., nethanol, ethanol, etc., polyols and pol yol ethers such
as neopent pioceflsycol , trinmethylol propane, pentaerythritol,

di pentaerythritol, tripentaerythritol, and the like. Silicon-based oils

such as, for exGBmdrﬁly, izl ryadtion preducis dbryiacorperatigpinycadhk dorggoing base oils are
polyaryloxy-siloxane oils and silicate oils, conprise another useful class

of synthet bbtaindd filbttthé fattidigofit l&ast chp €edt hbBobastdiahé at 1ehst bheseondipdlyele, but
are not limted to, tetraethyl silicate, tetra-isopropyl silicate,

tetra-(2- ety pesabl Smblr@a@h@m ploRti&tds §tainBd Ry thewisbsblifiGabE (i.c., the
tetra-(p-tert- butylpgény | i cate, hexyl-(4-nethyl-2- pentoxy)d|5|loxane

~poly(met hyb&&?ﬁﬁ@%ﬁ%ﬂ%@&é{%@%&@ﬂl@m{&%ﬂa%éfaﬁéster Bfiattlgh%t blkycerti 1|

yet ot her 13 synt Ic lubricating oils 1ncl but ar@®e not

limted to, «!nj a egs%toﬁé R %‘ﬁ&ﬁg@]ﬂ&%&% 43 eﬂh mﬁ%f?v% dgglggl g¢sters

tricresyl p os trioc ate, die er 0
Pubr!cati nEegre d#%@ ol dl 4 it AP g?&%&v‘é ye@?%%@%n%ﬂ%s@'&?%m #ea ois,
10  transesterified products having properties different from each of the original polyol
lestérs. Representative of the reaction products and their preparation are known in the art,
e.g., in U.S. Patent No. 6,278,006, the contents of which are incorporated by reference
herein. |
The at least one glycerol ester is ordinarily a C4 to about Cys fatty acid glycerol.
15 ester and preferably about Cg to about Cy4 fatty acid glycerol ester. The glycerol esters
for use in forming the reaction product herein are glycerides derived from, for example,

7 natural sources, i.e., those derived from nafural sources such as plants or animals;
synthetic oils and the like and combinations thereof. Useful natural oil include, but are
not limited to, coconut oil, babassu oil, palm kernel oil, palm oil, olive oil, castor oil, rape

20 oil, comn oil, beef tallow oil, whale oil, sunflower, cottonseed oil, linseed oil, tumg oil,
tallow oil, lard oil, peanut oil, canola oil, soya oil, and the like. Synthetic oils for use
herein refers to products produced by reacting carboxylic acids with glycero], e.g.,

glycerol triacetate, and the like. Suitable starting oils will ordinarily contain

15



5 either natural, synthetic or mxtures of two or nore of any of these of
the type disclosed hereinabove. Unrefined oils are those obtained
directly froma natural or synthetic source (e.g., coal, shale, or tar
sands bitunen) without further purification or treatnent. Exanples of
unrefined oils include, but are not limted to, a shale oil obtained
directly fromretorting operations, a petroleumoil obtained directly
fromdistillation or an ester 10 oil obtained directly from an

(7 eat mont  SRQRENIRIoE T AGE SRR A PR T Errasiearrb s et ey have

been further treated in one or nmore_purification steps .to. inprove one or
nor e properpiclend cambeBatpiad p¥ $5@thep6nF‘?ré’é‘HWP¥$ug§%érs’é°Wdﬂﬁlef% t hose of

skill in the art and include, for exanple, salvent extractions, secondary
di sti | at i wivicosenbis, or trigasia wwtbeased writaring mpigriplon TADS Apeewpariabh,
hydrotreating, dewaxing, etc. Rerefined oils are obtained by treating used
oi I s in proafssiedossxphy fom Sigms €heserl Compiutya(Sh Lowts, WMex), of ¢ag.beSuch
rerefined oils are also known as reclained or reprocessed oils and often

are add t i gnglekiyedispaasadrdygchiiqeinighes, foi eaaipid bed talkwoviillardfoilspent
additives and oil breakdown products. Lubricating oil base stocks derived

from the hygeiis ¥R ioRaddtRsRl oo BY, jFHafid 0il2SbyBeantsiE GunfRividnefl, divene or
in conbination Wth the aforesaid natural and/or synt hetic base stocks.

such wax i SORBRLALS Aehnidin Blilo%ll"(ﬁﬁg ?@,ycot:&ﬁlt BY A8 KBART biF Bab A8y 6, i ural or

synthetic wdxes or “m xtures thereof over a hydroisonerization catalyst. 14

Moo g o SR ol VBlE ] Ly b TS WA LA pEREBUALET 1By uldIErd) Vot

_ , synthetic waxes are-typic € Wax produced
by the Fischer _’P’-I{eofgs ch p'i}?(:%reoi éters will contain from about C, to about Cysand

regoing g

10  preferably contain about Cs to about Cyq fatty acid esters, i.e., several fatty acid moietjes, -
the number and type varying with the source of the oil. Fatty acids are a class of
compounds containing a long hydrocarbon chain and a terminal carboxylate group and

. are cﬁaracteﬂzed as unsaturated or saturated depending upon whether a double bond is

present in the hydrocarbon chain. Therefore, an unsaturated fatty acid bas at least one

15  double bond in its hydrecarbon chain whereas a 'saﬁzrated fatty acid has no double bonds
in its fatty acid chain. Examples of unsaturated fatty acids include, myristoleic acid,
palmitoleic acid, oleic acid, linolenic acid, and the like. Examples of saturated fatty acids
include caproic acid, caprylic acid, capric acid, lauric acid, n:iyristic acid, palmitic acid,
stearic acid, arachidic acid, behenic acid, lignoceric acid, and the like.

20 The acid moiety may be supplied in a fully esterfied compound or one which is
less than fully esterfied, e.g., glyceryl tri-stearate, or glyceryl di-laurate and glyceryl
mono-oleate, respectively. It is particularly advantageous to employ plant derived oils,

i.e., vegetable oils, as starting materials, as they allow the reaction products herein to be
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Generally, the reaction products for incorporating into the foregoing base
oils are 5 obtained fromthe reaction of at |east one first polyol ester
and at | east one second polyol ester. Preferably, the reaction product is
obtained fromthe transesterification (i.e., the exchange of an acyl
group of one ester with that of another ester) of at |east one glycerol
-ester and at | east one non-glycerol polyol ester. Transesterification of
two pol yol esters random zes the distribution of fatty aci ds anong the

pol yol backbone resu in the,l rans oducts havi ng
properti e8" Qﬂiiu??ci?l@rﬁosr?wg% §H§abg? V%% Hlﬁ gelg}sgtur atcd

Repr esent atr ve of the reaction products and t e|r eparatiqon are known in
the art, atypcid ¢optqgt of atpeaspshoue)%egbasegoptaal W@crf{ﬁﬂnéem angdfnclpdecorar e

i ncor porat ed by reference herein. The at |east one glycerol ester is

or di nar i | yxami@a, mpesaeb(Brasies), sanfloyeadHaliagitrsh seybean @%}f@l@@ aExhdTpst er abl y
about C6 to about C24 fatty acid glycerol ester. The glycerol esters for
use i n f onmysyg ctander €aetlich mnp neddewioaay @imnatteshdil c@molrgl, ddrch/ed 1éssom
for exanple, natural sources, i.e., those derived fromnatural sources
such as pliamt29, efucknicii ks parguiirheisefl oiafesecdmil. (lik havikg aanshoaasshiraad i ons

t hereof. Useful natural oil include, but are not |limted to, coconut oil,

babassu oithity 2# E8rk&tt 6Lkt 10dst 709 atdaled parti@ltirienseful., ThasbAsur@hratdddagy 20
oil, corn oi l beef tallow oil, whale oil, sunflower, cottonseed oil,

i nseed Oiybig chfagk Qlalbe coﬁl?bée@\ﬁf%f exdngiél o aci@RAPH el%denoz@%@ﬁl(@mq% , soya
oil, and the Itke. Synthetic oils for 'use hereln refers to products

produced t%}/ucg ‘%{1@9})?%&%&% Ldsswi th glycerol, e.g., glycerol
It

triacetate, e startrng orls will ordi narrly contain

15 triacyl gl crols T co t hr tt i ains
esterifi g dgt g gﬁ% T@G%c}régomg Lgcflyceropes%lers Cdn po sess %e aneraﬁ fd &

o

|

CHy oc—rRr'

’ 0
CH—— OC—R? D
|
10 - CHy— OoC——R’

wherein R', R? and R’ are independently aliphatic hydrocarbyl moieties having 4 to about
75 -carbon atoms, preferably 4 to about 24 carbon atoms inclusive, and most preferably
wherein at least one of R', R® and R> have a saturated aliphatic hydrocarb‘yl moiety
having 4 to 10 carbon atomns inclrlsive and wherein at least one of R, R” and R? have an
15  aliphatic hydrocarbyl moiety having from 11 to 24 carbon atoms inclusive.
| Generally, non-glycerol polyol esters can be used in the transesterification of the
| foregoing glycerol fatty acid esters. As used herein, “non-glycerol polyol esters” refers
to esters produced from polyols containing from two to about 10 carbon atoms and from

two to six hydroxyl groups. Preferably, the polyols contain two to four hydroxyl
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noi ety and can be natural or synthetic. For exanple, TAGs such as
triolein, trieicosenoin, or trierucin can be used as starting materi al s.
TAGs are comercially available, for exanple, from Sigma Chem cal Conpany
(St. Louis, M), or can be 5 synthesized using standard techni ques. such

as, for exanple, beef tallowoil, lard oil, palmoil, castor oil,
cottonseed oil, corn oil, peanut oil, soybean oil, sunflower oil, olive
oil, whale oil, nmenhaden oil, sardine oil, coconut oil, palmkernel oil,

e z;tgrls&%pmﬂgggn%%%%@e%mdﬁ;er/ear&%ﬁa%@zq%: HETELS
A 0 Co6 C24
Pl N R B PR S

varying with the source of the oi Fatty acids are a class of conpounds
contaln|ngﬂﬁdﬁdﬁﬁﬂh&&@ﬁﬁﬁpﬁBﬂ-Eﬁ&@ﬁyﬁﬁﬁma %%ﬁﬁﬂﬁ@ﬂW%éﬁﬂﬁﬁﬁmaﬁe ,group and
are characterized as unsaturated or saturated dependi ng upon whet her a
doubl e boritimethylqgiproganst (TMP ) prataeydhiiohasbthe bkaml coTiftenations thereafl
unsaturated fatty acid has at |east one 15 double bond in its hydrocarbon
chai n WherléapestybalycnlaATed, it poptagoitictithbare portidalathl esdfaindéyols. MHetyoifolt t y
acid chain. Exanples of unsaturated fatty acids include, nyristoleic acid,

pal mi t ol eiesterodat beh@iveedsy, dor dxiafipleg RimeaeiiflcatiaNdf & Pelybl ¥ekh nkH3TRI&S Of
saturated fatty acids include caproic acid, caprylic acid, capric acid,

lauri ¢ acigkshdW bhasi bityacidd, AB@abet Hekdin,2Ghdtt chadl & ﬁ{f'aﬁdaféfgrs t@&%tsmgfs%fam d,

behenic acid, lignoceric acid, and the I|iKke. he acid nolety nay be

suppl i ed 'thu?at&d’faltﬁlﬁ 2B ﬁf;\flhganmmaﬂ% o &fﬁ%ﬁg{ﬁ{ﬁg@ falfégur tha %k%' 'y

esterfied, e.g., ycery I -Stearate e an
o veery) L SRR, k0 A LSBT, N s 1
as t hei)é alf!o(l?vevxgrgp e rzegtﬁt f 1R OrIC(Z) gclfg Essa vhs% ?I lrllor% 81311:1 fatty acid. Short chain fatty
acids inciudes, for example, isomers of saturated fatty acids having chains of four to ten
carbons mncluding fatty acids containing odfi or even numbers of carbon atoms and paﬁ
include alkyl groups, e.g., 2-ethyl hexanoic acid.

Preferably, the second non-glycerol polyol esters are of the general formula;

R — C— {CHZ)), 0 (1)

N

5
15 R® oc K

wherein x and y are the same or different and are integers from 1 to 6 and most preferably
1, R* and R® are independently aliphatic ydrocarbyl moieties having 4 to 24 carbon
atoms and preferably wherein atleast one of R* and R® have a saturated aliphatic

hydrocarbyl moiety, and wherein at least one of R* and R® have an aliphatic hydrocarbyl
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16 produced in a cost-effective manner. Suitable vegetable oils have a
nonounsaturated fatty acid content of at |east about 50% based on total
fatty acid content, and include, for exanple, rapeseed (Brassica),

sunfl ower (Helianthus), soybean (A ycine max), corn (Zea nays), cramnbe
(Cranmbe), and neadowf oam (Li manthes) oil. Canola oil, which has less 5
than 2% empic acid, is a particularly useful rapeseed oil. Gls having a
nonounsaturated fatty acid content of at | east 70% are also particularly

oxampl e, | OPeD G TELLl 924 St uits endl o ROnE Byleberbnly b e

(C22.1), or conbi natigns thereof. |In gener aI the foregoing glycerol
esters candliphaticdsiqabyleieistshaving intp 10 calborgpmsec R1 QO fIf CH O G R2
~I) 0 10 CHz- Ol - R3 wherein R, RZ and R3 are independently aliphatic
hydr ocar byl . noi eti es having 4 to about 7[}) carbon atons, preferably 4 to _
about 24 carbon atons inclusive, and m)st[ preferably V\/ner ein at | east one
of Rl, RZ and R3 have a saturat e@%rp'h'zﬁ@'e——hﬁﬁr ocarbyl noiety having 4
to 10 carbon atons inclusive and wher el n at |east one of Rl, RZ and R3
have an 15whdrgiphas acintagdr foar(bipl 6 andiRitiy ah aliphatjc h}f@ﬂﬂ:a’tﬁyltmm@# hewinpdro at ons
i nclusive. Cenerally, non-glycerol polyol esters can be used in the
t r ansest er 24 ¢actami alomo fMbitgreferred polyol esters for use herein are TMP esters such as, for
example, TMP tri(2-ethyl hexanoate), TMP triheptanoate (TMPTH), TMP tricaprylate,
TMP tricaprate, TMP tri-oleate, TMP tri(isononanoate) and the like and combinations .
thereof.
In general, transesterification can be carried out by adding the glycerol fatty acid
10 esters (e.g., the compound(s) of formula (1)), e.g., a vegetable oil, to the non—glyc'crol
polyol esters {(e.g., the compound(s) of formula (II)) in the presence of a suitable catalyst
and heating the mixture. Typically, the glycerol fatty acid esters comprises about 5% to
about 90% of the reaction mixture by weight. For example, adding the glycerol fatty acid
esters such as vegetable oil, e. g., canola oil, can be about 10% to about 90%, preferably
15 about 40% to about 90%, and more preferably about 60% to about 90% of the mixture.
The non-glycerol polyol esters can be about 10% to about 50% of the reaction mixture by
weight, and preferably about 15% to about 30% of the réaction mixture. For example,
the short chain fatty acid esters can be about 20% to about 25% of the reaction mixture.
Ratios of vegetable oil:short chain fatty acid ester of about 80:20 or about 75:25 yield a
20 high number of TAGs containing a single short chain, and also modify a majority of the

TAGs in the vegetable oil.
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foregoing glycerol fatty acid esters. As used herein, "non-glycerol polyol
esters” refers to esters produced frompolyols containing fromtwo to
about 10 carbon atons and from two to six hydroxyl groups. Preferably,
the polyols contain two to four hydroxyl 17 noieties. Non-limting
exanpl es include, but are not limted to, 1,2-propanediol, 1, 3-
propanedi ol , 1,2-butanediol, 1, 3-butanediol, 2,3-butanediol,
2-ethyl -1, 3-propanediol, 2- ethyl-2-butyl-1,3-propanediol, neopentyl

glycol, 2,2,4-t th ent.anedi o met.h ane

pent aer yt hr i tolé"ﬂﬁﬁl t‘%@ﬁsjfs%gp @bﬂ%"’iﬂﬁ%ﬁe&ﬁ%g{q%%{g%? %ug b@ﬁ’@ Oyl ycol ,
TWP, and pentaerythrltol ar cul arly useful polyols. The pol yol
esters canbaec HrEHHcediugymetgy Hi;‘l DACdng fqrgdnc,acidssugh ag poI yol
with nethyl esters of short chaln fatt acids. As used herein, "short
chai n f at t splfyEs geid eed agidified chay, qrg@m%gscﬁrm b agingthapecwlionicegidaci ds havi ng
chains of four to ten carbons, including fatty acids containing odd or
even nunbeb@zcﬁesmam&mwifétwdﬁolm@ﬂfonwfa:iida afidacific gesigsuclass Ambetvie 15l ky|
groups. 10 For exanple, 2-ethyl hexanoic acid is a useful short chain
fatty a®i dMeBhdwuth eh@idiurh ahd yhagimsions ahd edetedl bgdrides nlse xnpkbea] citslgsrer s of

. saturated fatty acids having chains of four to ten carbons including
fatty aci dBrogRsd éf the RAcEsieRIbegt@TitorudriloStaliadasdheiyual R aghighcan

i ncl ude alky groups, e.g., 2-ethyl hexanoic acid. Preferably, the second
now gl {g;rz ufB ldlél)hq%ﬁi frSmAoErafhy LR RFRIA Oy, thR By (CH2) . R

chromatography (TLC), Raman spectroscopy, or UV absorption. Upon completion of the

reaction, sodium methoxide catalyst can be neutralized, for example, by addition of water
10 or aqueous ammonium chloride. Acid catalysts can be neutralized by a base such as a
sodium bicarbonate solution. Deactivated catalyst and soaps can be removed by a water
wash, followed by cenirifugation. The oil can be dried by addition of anhydrous
magnesium sulfate or sodium sulfate. Any remaining water can be removed by heating
to about 60°C under vacuum. A.Tkyl esters can be removed by distillation.
15 in general, the foregoing reaction products can be used singly or in combination
-of two or more reaction products in base oils to provide deposit protection as well as
good wear and oxidation-corrosion protection. To provide such protection in lubricating
oil compositions such as, for example, low phosphorous or phosphorous-free and/or low
| phosphorous or phosphorous-free and low sulfur or sulfur free lubricating oil
20 compositions, the foregoing reaction products are generally incorporated into base oils in
a minor deposit-inhibiting effective amount to give a compounded engine oil, e.g., an
amount ranging from about 0.05 to about 10 wt. %, preferably from about 0.1 to about 8

wt %, most preferably from about 0.2 to about 5 wt % and more preferably from about 1
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15 OC R5 R6 wherein x and y are the sane or different and are integers
froml to 6 and nost preferably 1, R4 and RS are independently aliphatic
hydr ocar byl noieties having 4 to 24 carbon atonms and preferably wherein
at |east one of R4 and R5 have a saturated aliphatic hydrocarbyl noiety,
and wherein at |east one of R4 and R5 have an aliphatic hydrocarbyl 18
noi ety having from 11l to 24 carbon atons and R6 and R7 are independently
hydr ogen, an aliphatic hydrocarbyl noiety having 1 to 10 carbon atons or

0 (CH2)z-O r i nt. erfrmnOIo 6 R$ is.an aliphatic
ylt otar bif 290 3 e Bl B irosiien TRE PasFerE: Pekioolyo
esters for use herein are TMP esters such as, for exanple,

tri (2- et h§ppost-iaHbising pitectivp amepna gt yrddeecin thatihgyumdamiood o @aﬁtr §ate, TM
tricaprate, IMP tri-oleate, TMP tri (isononanoate) and the |ike and

conbi nat i emsunttefifectixsfio pravefem érhabit farmatisrest deppsfitspatdcmtedewith bderoadr ri ed out
by adding the glycerol fatty acid 10 esters (e.g., the conpound(s) of
formul'a ( tdmhbustiof engifies\wageiqbirexanple, fuel tdisbustion ddppeiey; bigh taapyraturest er s
(e.g., the conmpound(s) of formula (11)) in the presence of a suitable

cat al yst panm dpadidsh@dct he m xture. Typically, the glycerol fatty acid
esters corrprlses about 5%to about 90% of the reaction mxture by weight.

For exanpl e, ?'u@ﬂ ey Mﬁx%&@eicuf)ﬁ%ﬁdﬂu% iflcofRhRIch ﬁMWer?%vV eaelabl e oi |,
e.g., canola ol can be about 10% to about 90% preferab

phosphorous-containing antiwear addmves such as, for example, zinc B
dialkyldithiophosphate and tricresylphosphite, and low levels of sulfar-containing
additives, excellent resulis can be obtained in terms of both_ engine protection and

10 environmental low phosphorous consideration. It is advantageoué to use the reaction
product such that the phosphorous content of the compounded engine oil is less than 0.1
wt. %, preferably no higher than 0.08 wt. %, and more preferably no higher than ¢.05 wt.
% and the sulfur content of the compounded engine oil is no higher than 0.2 wt. %, to
provide the desired levels of antiwear properties, oxidation inhibition and deposit control.

15 (It should perhaps be noted that because of the phosphorus catalyst poisoning problem,
with the exception of zinc dialkyldithiophosphate, phosphorus-containing compounds are
avoided in such engine oils, particularly those intended for use in automotive engines.
Thius, in the case of the present invention, phesphorus and sulfur content is calculated
based on the zinc dialkyldithiophosphate and its molecular phosphorus content, and

20 directly equates to zinc dialkyldithiophosphate content.} The sulfur content derives from
zinc dialkyldithiophosphate, sulfonate and phenate detergents, diluent oil and base oil.

Also, the sulfur content in the Iubricating oil composition can be measured by

conventional techniques, for example, xray technigues.
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15 about 40%to about 90% and nore preferably about 60%to about 90% of
the m xture. The non-glycerol polyol esters can be about 10%to about 50%
of the reaction m xture by weight, and preferably about 15%to about 30%
of the reaction m xture. For exanple, the short chain fatty acid esters
can be about 20%to about 25% of the reaction m xture. Ratios of

vegetabl e oil:short chain fatty acid ester of about 80:20 or about 75:25
yield a 20 hi gh nunber of TAGS containing a si ngl e short chain, and al so

nodi fy a majori f.t n the ve b atal ysts
for use in the a‘ﬁé&@@??ﬁéﬁﬁt%snm? r?c?lc 'gr Wﬂ%ﬂ%’%%&ﬁgﬁ %af% T pase
cat al ysts, sodi um net hoxi de, _acid cat yst inclu i nor aci ds such
as sul f utie@biined fromyconemercial &H@S&y@ TEP2g rﬁ%&%ﬁf%&%héﬁe

sul fonic acid, benzenesulfonic acid, and t ol uenesul fonic_acid, and acidic
resins sudhwall knewse zinpsiallcg diffgophesphaies refes ko aglassdicompareis wap@alsy um  and
nmetal hydrides also are useful catalysts. Progress of the reaction can be
nmoni t or ed hagingghesfoandlar d t echni ques such as high performance liquid
chromat ography (HPLC), infrared spectronetry, thin layer chronmatography
(TLC), Raman spectroscopy, or W/ absorption. Upon sonpl e jon of the
reaction, sodi um net hoxi deR’ aﬂ yst can be neutrali “ OR 'or exanpl e, by
addi tion of water 10 or aqueo anmoni um chl ori de. Ac}jd catal ysts can be
neutralized by a base such as & —sodiuvmt¥mcarberat® sol uti on. Deacti vated
catal yst and soaps can be re ed by a water wash, Yol | owed by
centrifugation. The oil dried by addition of ankyidr ous nmagnesi um
sul fate or sodi um sulfate ny remai ni ng water can be renoved by heating

to about QO UNGErRYACHYNM RAKYnaEShAln AR aGTRYE. RYpHLS) tblafl} on-

group has about from 1 to 20 carbon atoms, preferably 3 to 10 carbon atoms, and can be
straight chained or branched. A variety of zinc dialkyldithiophosphates are, for example,
described in an article by Born et al. entitled "Relationship between Chemical Structure

10  and Effectiveness of Some Meitallic Dialkyl- and Diaryl-dithiophosphates in Different
Lubricated Mechanisms", appearing in Lubrication Science 4-2 J anualry 1992, see for
example pages 97-100.

Preferably, the lubricating oil compositions of the present invention will contain

other convéntional additives for imparting auxiliary functions to give a finished

15 lubricating oil composition in which these additives are dispersed or dissolved. For
example, the Iubricaﬁng oil compositions can be blended with metal detergents, rust
inhibitors, deﬁazcrs, demulsifiers, metal deactivators, friction modifiers, viscosity index
improvers, pour point depressants, antifoaming agents, co-solvents, package
compatibilisers, deodorants and metallic-based additives such as metallic combustion

20  improvers, anti-knock compounds, anti-icing additives, corrosion-inhibitors, ashless
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15 I n general, the foregoing reaction products can be used singly or in
conbination of two or nore reaction products in base oils to provide
deposit protection as well as good wear and oxi dati on-corrosion
protection. To provide such protection in lubricating oil conpositions
such as, for exanple, |ow phosphorous or phosphorous-free and/ or |ow
phosphorous or phosphorous-free and | ow sul fur or sulfur free lubricating
oil 20 conpositions, the foregoing reaction products are generally

i ncorporated into base oils..in, a.mnar, depgsit-inhibiti effective
amount. t o PSS, A8ty BRih e Hkem RSO o theadgatves dre o nd Pompmercialey o
about 0.05 to about 10 wt. % preferably fromabout 0.1 to about 8 wt %

nost pr ef @valsble fInsip asdgiives o1 hetignalegons aompeundsaerh beoreplpyediias @Bl y from
about 1 20 to about 5 wt. % based on the total weight of the

conposi t i greparftien eiibe esgnonils of the mvertgudyithe nsval Peadingprbédres. ve anount "
as used herein shall be understood to nean an anount effective to prevent
or inhibit forBEatmgoss of theefidess dspassocvhick thayibe msedhinghpdesent enginsdil on

engi nes such as, for exanple, fuel conbustion deposits, high tenperature

5 pi stgn deps)llos akelyd sulitited agchhgidénEegningdreant boRylprat Gk Svhich
conbination with very low | evels of phosphorous-containing antiwear

addi ti ves grlal138 alkkbif)l oFtRRL 8 malbdifar wiight kyiikdxngRORRIRO®). and

tricresyl phosphite, and | ow | evels of sulfur-containing additives,

excel | ent d%ﬁ%'v%é?ﬁﬂééel&?sg%ﬁm g ddlatl 88 r&htsl%‘a{:l?aae&%tg& slcRfiGhf:L 0N and

10 environnental T ow phoSphorcdus™consi derati on. I's advantageous to use

t he reacti.on roduct .such that the osphar o ont ent t conpounded
engi ne. of IROPPREE R it W ienb BEBISBRRTLANT HEOR S0, Thehlest o or 56

and more %Es%fer%arm%?sl genggallg} 'i@c%%orﬁtgg&tg an(? gnglvgle' oil in an amount of 0.5-15 wt. % per

10 total amount of the engine oil.
| Examples of the viscosity index improvers are poly-(alkyl methacrylate),

ethylene-propylene copolymer, polyisoprene, and styrene-butadiene copolymer.
Viscosity index improvers of dispersant type (having increased dispersancy) or
multifunctional type are also empioyed. These viscosity index improvers can be used

15  singly orin combination. The amount of viscosity index improver to be incorporated into
the engine oil varies with viscosity requirements of the engine oil, but generally in the
range of about 0.5 to 20% by weight of the total weight of the enginé oil lubricating
composition. However, in the case of a monograde oil, no viscosity index improver is
typically used.

20 Detergents for use herein may be overbased or neutral. For example, common
detergents are sulfonates, e.g., those made from alkyl benzene and fuming sulfonic acid.
Other suitable detergents for use hersin include, but are not limited to, phenates (high

overbased or low overbased), high overbased phenate stearates, phenolates, salicylates,
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% and the sul fur content of the conpounded engine oil is no higher than
0.2 wt. % to provide the desired | evels of antiwear properties,
oxidation inhibition and deposit control. 15 (It shoul d perhaps be noted
t hat because of the phosphorus catal yst poisoning problem wth the
exception of zinc dialkyldithi ophosphate, phosphorus-containing conpounds
are avoided in such engine oils, particularly those intended for use in
autonotive engines. Thus, in the case of the present invention,
phosphorus and sul fur. content is calcylated based on the zinc,

di al ky! di tiiospimgaish driephesehqnates ippie sepfaciantind shidonates agd thadike Wity 20
directly equates to zinc dlalkyldlthlophohghate conten;@% The sul fur

cont ent  demnifprates rebng preferred didividh oty evarbpshospslehswiongigs farhequécabmgtaphenat e
detergents, diluent oil and base oil. Also, the sulfur content in the
| ubri cat i ngilfohdtechoippasodt porfercan ey oeasuedoicbl/sulivoreetypicalinhatescihtal ques,
for exanple, x-ray techniques. 21 Zinc dialkyldithi ophosphates are, of

course, Krgnivasdr (TBN) bf fromgbagehabairdocad prefeaiilh fidnnssbut 10w soaner ci al
sources or, if desired, prepared by known procedures. As is well known,

zinc dizal kyd %v@b&&%é&’ﬂ@ia?&ﬂfo%ﬁ addhetitrel A8E] QffoIONLY wéﬁ A8 RE itHeY
having the formula RO \| - S zn- SP5 RI0O0 OR 12 wherein R9,

R10, Rt qgg R 2 are |ndependently al kyl or al kyl phenyl. Typically the
al kyl group has about from1l to 20 carbon atons, preferably 3 to 10

_g?;lbﬁgl glt ,? E oph %F}ﬁ\g%ver%asea, Ie‘\gxhaﬁ m%pa?i ﬁ?o%af%rde Eg%ng’ ps%geferabi/ya 2 fo%t y of zinc
overbased or neutral alkali or alkaline earth metal salt of a hydroca:rbyl sulfonic acid
having from about 15 to about 200 carbon atoms. The term "metal sulfonate” as used

10 herein is intended to encompass at least the salts of sulfonic acids derived from petroleum
products. Such acids are well knéwn in the art and can be obtained by, for example,
treating petroleum products with sutfuric acid or sulfur trioxide. The acids obtained
therefrom are known as petroleum sulfonic acids and the salts as petroleum sulfonates.
Most of the petroleum product which becoms sulfonated contain an oil-solubilizing

15  hydrocarbon group. Also, the meaning of “metal sulfonate” is intended to encompass the
salts of sulfonic acids qf synthetié alkyl, alkenyl and alkyl aryl compounds. These acids
also are prepared by tfeaiing an alkyl, alkenyl or alkyl aryl compound with sulfuric acid
or sulfur trioxide with at least one alkyl substituent of the aryl ring being an
oil-solubilizing group. The acids obtained therefrom are known as alkyl sulfonic acids,

20  alkenyl sulfonic acids or alkyl aryl sulfonic acids and the salts as alkyl sulfonates, alkenyl
sulfonates or alkyl aryl sulfonates.

The acids obtained by sulfonation are converted to metal salts by neutralization

with one or more basic reacting alkali or alkaline earth metal compounds to yield Group
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described in an article by Born et al. entitled "Rel ati onship between

Chem cal Structure 10 and Effectiveness of Sonme Metallic D al kyl - and

Di aryl -di t hi ophosphates in Different Lubricated Mechani sns", appearing in
Lubrication Science 4-2 January 1992, see for exanple pages 97-100.
Preferably, the lubricating oil conpositions of the present invention wll
contain other conventional additives for inparting auxiliary functions to
give a finished 15 | ubricating oil conposition in which these additives

are dispersed or dissolved.  For the lubricatin il ositions
can be bl GRURROTID Eﬁwf Wepaeye %rger {Yuﬁjﬁa“ﬁdﬁ ﬁiﬂﬂ}%ﬁ‘ﬁ ‘E‘ai’?éi

denul sifiers, metal deactivators, friction nodifiers, V|sc05|ty |ndex

i mpr over s, mgleliraspoi Healivepardanidsalts antobtaieditivg thgelel mesd sglsbvent s,

package conpatibilisers, deodorants and netallic-based additives such as
met al | i ¢ cantthesis.oAli@0ativedr, theeulpniantids kaolpknenoalped ditsctlyawtth an elkalgne
additives, corrosion-inhibitors, ashless 22 dispersants, dyes, and the

like. A vagirtiyetifbatd) Gf dekthel] tiesulfohaick Bavdebeloeime] ©iprbduse tiaMawl abl e.
These additives, or their anal ogous conpounds, can be enployed for the

prepar & i O&eﬁiasémeﬁpmfaﬁatel IT8e Rktal BAnpdRMBHEAN iDMaking Mesdic hdtandiNg
procedures. Exanples of the ashl ess dlspersants which may be used in the

present en&eg&&aﬂg dang' &, BA kY 1A Pl ray chAfd%rrgfaﬁlfoEme%ﬁ%c

succinic estérs a enzyl am nes, “in enyl group has

a ol ecul ai‘ab\feoﬁtﬂg Egeme %E d’?féﬂ @% té.lgllx 79&3;& %x%%le rclzgmpglg{cf ﬂﬂgﬁldé/ fRa? f these

di spersant S, ora sants suc succri nim des

ncorporated o egial Al veskand depealy ponisly den algo beped.
amount - of t%é SaIk:!ilSineWet:artho{neFt)als such, for example, magnesium, calcium, barium, etc. Preferably
10 the metal compound for use herein is calcium. The rﬁetal compounds are ordinarily
delivered as metal salts. The anionic portion of the salt can be hydroxyl, oxide,
carbonate, borate, nitrate, efc.
The sulfonic acids useful in making the low overbased or neutral salts include the
sulfonic and thiosulfonic acids. Generally they are salts of sulfonic acids. The sulfonic
15  acids include, for example, the mono- or polynuclear aromatic or cyclealiphatic
compounds, The oil-soluble sulfonates can be represented for the most part by one of the
following formulae: Ry -—T—-(SO:;)a and R; ~(SO3 ), wherein T is a cyclic nucleus such
ag, for example, benzene, naphthalene, anthracene, diphenylene oxide, diphenylene
sulfide, petroleum naphthenes, etc.; Ry is an aliphatic group such as alkyl, alkenyl,
20  alkoxy, alkoxyalkyl, etc.; (Rz)—l-T contains a total of at least about 15 carbon atoms; and
Rj is an aliphatic hydrocarbyl group containing at least about 15 carbon atoms.

Examples of Ry are alkyl, alkenyl, alkoxyalkyl, carboalkoxyalkyl, etc. Specific examples

-0f R; are groups derived from petrolatum, saturated and unsaturated paraffin wax, and the
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10 total amount of the engine oil. Exanples of the viscosity index

i nprovers are poly-(al kyl nethacrylate), ethylene-propyl ene copol yner,

pol yi soprene, and styrene-butadi ene copol yner. Viscosity index inprovers
of dispersant type (having increased dispersancy) or nultifunctional type
are al so enpl oyed. These viscosity index inprovers can be used 15 singly
or in conbination. The anount of viscosity index inprover to be
incorporated into the engine oil varies with viscosity requirenents of

the engine oil, but generally _in the _range qof .ahout 0.5 to_20% by wei ght
of the t O@BPV%\@?SQF\H?CWIFH@H% gibs&reims 1, %@ﬂr ‘?Dé%t’-‘*i‘ﬁgm 3%’8“%)%%?@%1%311 I‘%ﬂever ,

in the case of a nonograde oil, no viscosity index inprover is typically
used. 20 DBer@nyherdngragni¢gorBEeFPsHignlsdn 4ets dlepso enyraerated aboveor
exanpl e, common detergents are sulfonates, e.g., those nade from al kyl
benzene arsuclf asmiargxauplednideoxacindreapte) hrdogepunitrapdngindatizomentlidd,or use

herein include, but are not limted to, phenates (high overbased or |ow
over based)disulfidghetoy &1 tha abe effoamaliae, Sinddy at @sleagdNefobdd @sbodsabritcib at es, 23
phosphonat es, thi ophosphonates, ionic surfactants and sulfonates and the

l'i ke wist h suFerit aslad B Relbdithe{re dred) ARRhvA ddve® WolvVatgsd et al
sul fonates and neutral netal sulfonates being nost preferred. Low

over based aﬁ%@&es%éd%%ﬁ%ﬁ%s\!pi cally have a total base nunber (TBN) of

from about 0 to about preferably fromabout 10 to about 5 25. Low
|
t

oyerbascd et oy ona i A00 e T Bl A R b
pref er abl %a}ghtilﬁ\é\ﬁe suifonic acids, dodecylbenzene sulfonic acids, didodecylbenzene sulfonic
- acids, dinonylbenzene sulfonic acids, cetylchlorobenzene sulfonic acids, dilauryl
10 beta-napbthalene sulfonic acids, the sulfonic acid derived by the treatment of polybutene
having a number average molecular weight (M) in the range of about 350 to about 5000,
preferably about 800 to about 2000, or about 1500 with chlorosulfonic acid,
nitronaphthalene sulfonic acid, paraffin wax sulfonic acid, cetylcyclopentane, sulfonic
acid, lauryl-cyclobexane sulfonic acids, polyethylenyl-substituted sulfonic acids derived
15 - from polyethylene (M, of from about 300 to about 1000, and preferably about 750), etc.
Normally the aliphatic groups will be alky! and/or alkenyl groups such that the total
number of aliphatic carbons is at least about 8, preferably at least 12 up to about 400
carbon atoms, preferably about 250. Also useful are polyisobutene sulfonates, e.g., those
disclosed in U.S. Patent No. 6,410,491, the contents of which are incorporated by
20  reference herein.
Amother group of sulfonic acids are mono- , di- , and tri-alkylated benzene and

naphthalene (including hydrogenated forms thereof) sulfonic acids. INfustrative of

synthetically produced alkylated benzene and naphthalene sulfonic acids are those

26



over based or neutral alkali or alkaline earth netal salt of a hydrocar byl
sulfonic acid having fromabout 15 to about 200 carbon atons. The term
"metal sulfonate"” as used 10 herein is intended to enconpass at |east the
salts of sulfonic acids derived from petroleum products. Such acids are
well known in the art and can be obtained by, for exanple, treating
petrol eum products with sulfuric acid or sulfur trioxide., The acids
obtained therefromare known as petrol eum sul fonic acids and the salts as
petrol eum sul fonates. . Mbst qf the petrol eum product, which beco

SUl f onat e BORBHE oL AR B aERE ?Mv%g Fﬂjﬂﬂpakgq %‘?Pngqlwawrﬁ?%gly t he
nmeani ng of "netal sulfonate" is intended to enconpass the salts of

sul foni ¢ akPwWd24¢ alnph A errben afory andgdrersgeonsiviabauk ¥4 cabon ateBrpoUdls. These
acids also are prepared by treating an al kyl, al kenyl or alkyl aryl
conpound wtithinghid di-isodadsicglbermenssilfource dcrd, paliythetemylishbsifutbdagfonoreidal kyl
substituent of the aryl ring being an oil-solubilizing group. The acids
obt ai ned pbpeipyRayRdubstkindrulisniahdyd daived doingpoireisene ha@nghk®OWf sul fonic
acids or alkyl aryl sulfonic acids and the salts as al kyl sul fonates,

al kenyk  giahf 90t S50 ©'ab8hiKN00 3hY prefeiit ¢ BRLEHouTAT® 13 Ghals 700t ai ned by
sul fonation are converted to nmetal salts by neutralization wth one or

nor e basi i |10 Al dsal.d _ ounds to yield
G oup 249?§E§§&%?%ﬁgkﬁﬁ#ﬁ%?a‘aéﬁ?%%ﬁ%?ggéE%%ﬁgﬁgkf§?ﬂPhe acids are

obt i ned Ar- MR PR sl bl GG el Aok IR i T2t Vel v the
base. 11 doPrueYREEDY PR SR onuR ey afbalant stedee the | ow
gag;lgr lr?rgts :? Snztﬁgéczgy le)];a?nrij?ésedf ogit]s?)lub et s%ll-fogi%rggicc)ig ggsmaltjh?)ggﬁyl suilfgnirg%llégdg;g the
10 bright stock sulfonic acids; sulfonic acids dérived from lubricating oil fractions having a
Saybolt viscosity from about 100 seconds at 100°F. to about 200 seconds at 210°F.;
petrolatam sulfonic acids; mono- and poly-wax-substituted sulfonic and polysulfonic
acids of] e.g., benzene, naphthalene, phenol, diphenyl ether, naphthalene_disulﬁde, etc.;
other substituted sulfonic acids such as alkyl benzene sulfonic acids (where the alkyl
15  group has at least 8 carbons), cetylphenol mono-sulfide sulfonic acids, dilauryl beta
naphthyl sulfonic acids, and alkaryl sulfonic acids such as dodecyl benzéne "bottoms"
sulfonic acids.
Dodecyl benzene "bottoms” sulfonic acids are the material leftover after the
removal of dodecyl benzene sulfonic acids that are used for household detergents. These
20 'materiais- are generally alkylated W_ith higher oligomers. The bottoms may be
straight-chain or branched-chain alkylates with a straight-chain dialkylate preferred.

Particularly preferred based on their wide availability are salts of the petroleum

sulfonic acid, e.g., those obtained by sulfonating various hydrocarbon fractions such as
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are generally any Goup A or Goup Il A nmetal conpounds (CAS version of
the Periodic Table of the Elenents). The Goup |A netals of the netal
conmpound i nclude alkali netals, e.g., sodium potassium |ithium The
Goup IIA netals of the metal base include the alkaline earth netals
such, for exanple, magnesium calcium barium etc. Preferably 10 the
nmetal conpound for use herein is calcium The netal conpounds are
ordinarily delivered as netal salts. The anionic portion of the salt can
be hydroxyl, .oxide, . carbonate, borate, nitrate, etc sul foni c aci ds

usef ul i n HamiceHe pH drartien FeFadeachin dremptics Whidh are omwpg BE SXFRStNg | f oni ¢

and thiosulfonic acids. Cenerally they are salts of sulfonic acids. The
sul foni ¢ I&regetbes ojlythaleclectiye s yambpyluch exfrachap f dasirgrb by alkalagadr  ar omatii ¢
or cycloal i phatic conpounds. The oil-soluble sul fonates can be represented
for the nuosforpaulforatiomheraftingtbemvothl defimgriatoyhcilardes BY meafls ¢836G38) a and R3
--(SB) b, wherein T is a cyclic nucleus such as, for exanple, benzene,
napht hal e rt&kylﬁithﬂﬂa&ﬂ;&ﬂ&rg&iﬁ@ﬂﬁﬂﬁgﬂlf&ﬂ& aoidi eech adibpiveny Hieméonisatid Wikh may
petrol eum napht henes, etc:; R2 is an aliphatic group such as al kyl,

al kenyls agn®b&@x5eﬂgy&gﬁy@hﬁmbhk@tc (R2)+T contains a total of at |east
about 15 carbon atons; and R3 is an aI i phatic hydrocarbyl group.

i R s
2 5% S SRR A A ﬁ%ﬁ@&gs%ﬁ%ozo% ohgth L
ohove O LA 88 %@%@aﬁ Gl SIS B Rl
@r capto, haI Ogenf,enalls tageothe %P;)hauc—su Sttl{uct)gdo cyofllél lss;llfomc acids in which the ahphatlc
10 substituent or substituents contain a total of at least 12 carbon atoms such as, for
- example, alkyl aryl sulfonic acids, alkyl cycloaliphatic sulfonic acids, the alkyl
‘heterocyclic sulfonic acids and aliphatic sulfonic acids in which the aliphatic radical or
radicals contain a total of at least 12 carbon atoms. Specific examples of these oil-soluble
sulfonic acids include, but are not limited to, petroleum sulfonic acids; petrolatum
15 sulfonic acids; mono- and poly-wax-substituted naphthalene sulfonic acids; substituted
sulfonic acids such as cetyl Eenzene sulfonic acids, cetyl phenyl sulfonic acids and the
like; aliphatic sulfonic acids sucﬁ as paraffin wax sulfonic acids, hydroxy-substituted
paraffin wax sulfonic acids and the like; cycloaliphatic sulfonic acids; petroleum
naphthalene sulfonic acids; cyclopentyl suifonic acid; mono- and poly-wax-substituted
20 cyclohexyl sulfonic acids and the like. The expression “petrolewmn sulfonic acids” as

used herein shall be understood to cover all sulfonic acids that are derived directly from

petroleum products.
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disulfide, etc. In the above Fornulae, a and b are at least 1. In one
enbodi nent, the 5 sulfonic acids have a substituent (R2 or R3) which is
derived fromone of the above-described polyal kenes. Illustrative
exanpl es of these sulfonic acids include nonoei cosanyl -substituted
napht hal ene sul fonic acids, dodecyl benzene sul fonic acids,

di dodecyl benzene sul fonic acids, dinonyl benzene sulfonic acids,
cetyl chl orobenzene sul fonic acids, dilauryl 10 beta-naphthal ene sul fonic
acids, the sulfonic acid derived by the treatnment of polybutene having a
nunber aver age TipicatGrenp Hvsimsital sylfonates quitahte fonngpeictdin aisble, BB eretwt about
5000, preferably about 800 to about 2000, or about 1500 with

chl or osul flanitel tacthd metad stifonap kkdrapléied as d@bifowst calduindyhitgariEfehzenewax

sul fonic acid, cetylcyclopentane, sulfonic acid, |auryl-cyclohexane

sul foni ¢ aglfdsate, MaliMAWIHeAYbenSeRShifbhb« dais il tﬁgi‘o‘fayl@ﬁé Blénzg@s Juresatd S from
pol yet hyl ene (M of from about 300 to about 1000, and preferably about

750) et C.pariliay &Bﬂoh%eﬁ@@e&%@é@ﬁ;h&e,@aﬁﬂﬂﬁ mithdand Betbdibith sARHRS bALIEENY!
groups such that the total nunber of aliphatic” carbons Is at |east about
8, preferqghy f F 0 . _ ; : y about
250. Aﬁso usé%%*yéggﬁpo éﬁ%%%%t%%gﬁgg?ﬁgﬁggggggggd%%;t gggﬁ%gﬁéc %sed in
U S. Patent No.. 6,410, 491, t ntents of which are incorporated by 20
referenceqﬁ%¥¥ﬁkﬂﬁﬂﬁ#ﬁ?H@F’@?ﬂﬁ%ﬁgé sul fonic acids are nono- , di- , and
tri-al kyl ated benzene and ., napht hal ene,. (i pcl udi ng hydrogenated forns ‘

t her eof ) sul f onthe aakhiciaterip yreq F%%W@P%ﬂ?i tﬂ%ﬁ’i‘?‘ﬁ‘é‘ﬂ (aiyéﬁff ediwe! #lkyl at ed
benzene and napht hal ene sul foni.c acids are those 26 containing alkyl

subst i t uerfiag beaigil sueloas, dooremgle; Bravsosid, ceticapidonitrin asids sulfrerasidabl y

etc, or an inorganic acidic material such as, for example, HCI, SO,, S‘O3, CO,, HoS, etc,
| 10 with CO, being preferred. The amount of acidic material used depends in some respects
upon the desired basicity of the preduct in question and also upon the amount of basic
metal compound employed which will vary (in total amount) from about 1 to about 10,
preferably from about 1.2 to about § and most preferably from about 1.7 to about 6.0
equivalents per equivalent of acid. In the case of an acidic gas, the acidic gas is generally
15  blown below the surface of the reaction mixture that contains additional (i.e., amounts in
excess of what is required to convert the acid quantitatively to the metal salt) base. The
acidic material émployed during this step is used to react with the excess basic metal
compound which may be already present or which can be added during this step.
The reaction medium used to prepare the low overbased metal sulfonate or neutral
20 metal sulfonate is typically an inert solvent. Suitable inert solvents that can be employed
herein include oils, organic materials which are readily soluble or miscible with oil and
the like. Suitable oils include high boiling, high molecular weight oils such as, for

example, parrafinic oils having boiling points bigher than about 170°C. Commercially
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about 12 to about 30 carbon atons, and advant ageously about 24 carbon
atons. Such acids include di-isododecyl benzene sul fonic acid,

pol ybut enyl - substituted sul fonic acid, polypropylenyl-substituted

sul fonic acids derived from pol ypropene having an M of 5 from about 300
to about 1000 and preferably from about 500 to about 700,

cetyl chl orobenzene sul fonic acid, di-cetyl naphthal ene sul fonic acid,

di -l auryl di phenyl et her sul fonic acid, diisononyl benzene sul fonic acid,

di -i sooct adecyl be e sulfonic acid,, stearyl naphthal ene-sul faonjc acid,
and the IFV@ﬁ%EH§EF$BES%@%. 'ﬁ%uﬁWwékﬂbgaFﬁﬁ@@“@gwgﬁﬁﬁeﬂ%@Fégm ¥ mahogany
sul fonic acids; 10 bright stock sulfonic acids; sulfonic acids dgrived

f rom | ubr ifesan susly soirresias Fzxpwnsdal fv [nepaz® tedgioics, &/g-sksopar®yMf Iseparalfout 100
seconds at 100F. to about 200 seconds at 210F.; petrolatum sulfonic

‘aci ds; nonigpasthid, 2alsopwetiy sadshé Telurd teadeiem, 6.0a TR 360 bADOienpt@ci ds of ,
e.g., benzene, naphthal ene, phenol, diphenyl ether, naphthal ene disulfide,

etc.; Ot REfm G dvhitfoftastiabla@Bh 6i12 8L AsHIS HShni@ So@bdY IncRRBZA 'lsﬁﬂd{efi%lPi c

~acids (where the alkyl 15 group has at |east 8 carbons), cetyl pheno

nmono- syl fi 4 | C.: aCl il HﬁBP I i¢c acids, and
al kary s&ﬁ?sg%#%:i %rgip té(‘a%@g caggdng’gé;%%!ﬂﬁﬁgﬁlzl%ne %1%05%"4&2% fonic acids.
Dodecyl bepnze " bot " .sul foni.c {ds, are the terial,lef er after
the. 1 emo o apeddtebst bdRe an & LhpT oh iR S e PapEd (st SFeRbusenol d
detergents. These 20 materjals are generally atkyl ate i th hi gher

ol i gomers. “‘B‘E?ptoéﬁ@sﬂwdféo Hel ?c-agl??éﬁﬂf}/" eE‘l‘%‘ﬂ%ﬁ d\é\fé’ iRPEE YT at es
wth a str%%ggt-chain di al kyl ate preferred. Particularly preferred based
on their WRBkeavailability are salts of the petrol eum sul fonic acid,

e.g., those obtained by sul fonating various hydrocarbon fractions such as
If desired, a promoter can also be employed in preparing the low overbased metal

10 sulfonate or neutral metal sulfonate. A promoter is a chemical employed to facilitate the
incorporation of metal into the basic metal compositions. Among the chemicals useful as
promoters are, for example, water, ammonium hydroxide, organic acids of up to about 8
carbon atoms, nitric acid, sulfuric acid, hydrochloric acid, metal complexing agents such

as alkyl salicylaldoxime, and alkali metal hydroxides such as lthium hydroxide, sodium
- 15 hydrozide and potassium hydroxide, and mono- and polyhydric alcohols of up te about
7 30 carbon atoms. Examples of the alcohols include methanel, ethanol, isopropanol,
dodecanol, behényl alcohol, ethylene glycol, monomethylether of ethylene glycol,
hexamethylene glycol, glycerol, pentaerythritol, benzyl alcohol, phenylethyl alcohol,
aminoethanol, cinmamyl alcohol, allyl alcohol, and the like. Especially useful are the

20  monohydric alcohols having up to about 10 carbon atoms and mixtures of methanol with
higher monohydric alcohols. Amounts of promoter will ordinarily range from about 0%
to about 25%, preferably from about 1.5% to about 20% and most preferabiy frofn about

2% to about 16% of acid charge. The predominant detergent metal is calcium but
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27 lubricating oil fraction and extracts rich in aromatics which are
obt ai ned by extracting a hydrocarbon oil with a selective solvent, which
extract may, if desired, be alkylated before sulfonation by reacting them
with olefins or alkyl chlorides by neans of an alkylation catalyst;
organi ¢ pol ysul fonic acids such as benzene disulfonic acid which may 5 or
may not be al kylated; and the like. O her particularly preferred salts for
use herein are al kylated aromatic sulfonic acids in which the alkyl
radical or radicals contain at |east. about 6 carbon atons and preferably
f r om aboutsogivtry magursiun® 2nd beiton havobesn usgbinipeactipe. el sraeing pHdgtergént to
~sulfonate starting materials are the aliphatic-substituted cyclic

sul foni ¢ aeiigdsrporated ired thetea giak iofi vatibscwitielys binsiffet tiverdonomtatidhst dehex@liy S
contain a total of at |east 12 carbon atons such as, for exanple, alkyl
aryl sul f qange fash dSout 812kY lab&t Ao whighi ¢F tBdHotd Kefzha6f U8 endif€oid| KY!

het erocyclic sulfonic acids and aliphatic sulfonic acids in which the

aliphatiClﬁ@ﬂ%ﬁ&%agﬁ(mﬁﬁgicals contain a total of at |east 12 carbon
atons. Specific xa&%les of these oil-soluble sulfonic acids include, but

it ‘ I | : . toni
o e 5 18 STk BOL L ALk o ©
bsti tut . f oni i.d h . CE | fonic.acjd tyl
o POl B e S B El iSbSSest
paraffin wax sulfonic_acids, hydroxy-substituted _paraffin wax sulfonic

aci ds and tharemokBmited; 10, FRINIGWRES & fo HRISAY AT APhedwebpdgmyhapiehal ene

sul fonic acids; cyclopentyl sulfonic acid; nono- and pol y-wax-substituted

20 cycl ohedbgholivg (5.9 nBHTActfur-enninining majqrals (FHluriard plefiss erestgpdtand theum

- sulfonic acids" as wused herein shall be understood to cover all sulfonic

aci ds t hatlikar &hdeersipgemehtalentibyidfmto ane typically used at a total tract rate of 0.1 to 2
10 wt.% of the finished fluid. |

Examples of supplemental antiwear agents are usually non-phosphorus
compounds added to a lubricant to fortify wear protection. These materials ﬁeqﬁentiy
contain sulfur, usually as sulfide. Common examples include carbamates (ashless or

| not), xanthates, and alky sulfides or polysulfides. Because of the high sulfur confent,
15  these materials are often potent antioxidants.

As well as the above additives, the lubricating oil compesition may contain
various other additives such as, for example, other oxidation-corrosion inhibitors such as
hindered phenols and other antiwear agents can be used in combination with the
fofegoing reacﬁon products.

20 Each of the foregoing additives, when used, is used at a functionally effective
amount to impart the desired properties to the lubricant. Thus, for example, if an additive
is a friction modifier, a functionally effective amount of this friction modifier would be

an amount sufficient to impart the desired friction modifying characteristics to the
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petrol eum products. 28 Typical Goup Il A netal sulfonates suitable for use
herein include, but are not |limted to, the netal sulfonates exenplified
as follows: calciumwhite oil benzene sulfonate, bariumwhite oil benzene
sul fonate, cal ci um di propyl ene benzene sul fonate, barium di propyl ene
benzene sul fonate, cal ci um nahogany petrol eum sul fonate, barium 5 nmahogany
. petrol eum sul fonate, calciumtriacontyl sulfonate, calciumlauryl

sul fonate, bariumlauryl sulfonate, and the |ike. The acidic materi al
used to acconplish the formation of the overbased netal salt can be a

1 ui o sadrprignt. Aoty e BOiceRRHicD ol dreh OLRSE FHER A Hhe BcrBgRg,

sul furic acid,, etc, or an inorganic acidic material such as, for exanple,
HCl, SO2, abagtp. 001 fado abeut 20%byiveighicapd s gmbpdiment hout TR dpount  of
acidic material used depends in some respects wupon the desired basicity
of the praberitlOPnbyweisht basediprlthelteta! wpight afliee lawahesplofousdtireatingoil|
conpound enpl oyed which will vary (in total anmount) from about | to about
10, pr ef sempbsitibn am labmbosghoPousand bow sulBir dubticating oipeehmsaioky f r om about
1.7 to about 6.0 equivalents per equivalent of acid. In the case of an
aci di c5gas, thén andthéreng@dinmant gethe idlehtior] Shdbmppingebevict podatts frageeof the
reaction mxture that contains additional (i.e., amounts in excess of

what is 1 egsideithstad aﬁ@ﬁv@Fackﬁgeo@&h&mwmaﬁwwsé WobiBofabl i@lal salt)
base. The acidic material enployed during this step is used to react with

the excesgubashiai !noxgm%gﬂgeégﬁﬂ&n?;&mtﬁ@h% TEARBIC A1 Q1 Wh) Ch can

be added during this ste n medi um us o pfepare the | ow

Oy e ol B, G BluEn b BEUL S hor A (BIR SHCA AR Told hHRAGAL Y 2"

inert solvent. "Suitable inert vents e enpl o

usually contain from about 1% to about 99% by weight, and in one embodiment about
10 10% to about 90% by weight of such diluent. Ty;ﬁically, a neutral oil héving a viscosity
of about 4 to about 8.5 ¢St at 100°C and preferably about 4 to about 6 ¢St at 100°C will
be used as the diluent, though synthetic oils, as well as other organic liquids which are
compatible with the additives and finished Iubricating oil can also be used. The addifive
package will also typically contain one or more of the various other additives, referred to
15 above, in the desired amounts and ratios to facilitate direct combination with the requisite
amount of base oil.
Preferably, the additive concentrate comprises a metal-containing detergent, an
ashless dispersant, the foregoing reactions, zinc dialkyldithiophosphate and opt_ional
components dissolved or dispersed in an organic liquid diluent, at a high concentration.

20 The following non-limiting examples are illustrative of the present invention.
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herein include oils, organic materials which are readily sol uble or
mscible with oil and the like. Suitable oils include high boiling, high
nol ecular weight oils such as, for exanple, parrafinic oils having

boi ling points higher than about 170C. Commercially 29 available oils of
this type known to one skilled in the art include, e.g., those avail able
fromsuch sources as Exxon under the Isopar(r) tradenanes, e.g., |sopar(r)
M lIsopar(r) G . Isopar(r) H, and Isopar(r) V, and the Telura(r)

tradenane, e.g., Telura(r) 407, and Cronpton Corporation available as
carnation oil. Suitable organic solBEehMELERCI ude unsubstituted or 5
substituted aromati c hydrocarbons, ethoxylated |ong chain alcohols, e.g.,

t hose et Abxybikivadg etagied motide lubgcatmet wl @bpotitiats which owerafoomslatedrid

m xtures thereof. Useful wunsubstituted or substituted aromatic

- hydr ocar bghe vigokitstenditphs 6f aSAESOVMenl defapt athaSdcietyhe Avtkmotivd desired,
a pronoter can also be enployed in preparing the | ow overbased netal 10
suIfonateE@gm@@@%&@ﬁﬁ&ﬁbggyﬁghﬁgﬁan@o,A pronoter is a chem cal enployed to
facilitate the incorporation of netal into the basic netal conpositions.
Among the chem cals useful as pronoters are, for exanple, water, anmmonium
hydr oxi de, organic acids of up to about 8 carbon atons, nitric acid,

sul furic acid, hydrochloric i | ane| PN agents such as al kyl
e ARB T FATMEEL DY

sal i cyl al doxi ne, and al kal i i’dés such as |ithium hydroxide,

di 15 hyd i d t i. hyd i d : d I i
PO 19 1V, 300 RRTFSLAT AT ORLOE, o0, (IR BRSLPRNIANC
LN, SRR RO SR e SRS, A b L T

gl ycerol, :pentaerythritol, benzyl alcohol, phenylethyl alcohol,
&

orp. (San on, CA) and 21.9 wt. % of CHEVRON 220N (a Group II base oil)
10 commercially availaﬁle from ChevronTexaco Corp. (San Ramon, CA), an additive
package containing the following additives (each of the components contain aﬂuent o1l to
facilitate handling such that both the diluent oil and component are included in the

component weight):

15 Additive Package
Ashless dispersant -An ashless succinimide was the primary dispersant and was
prepared from 2300 molecular Wéight polyisobutylene, succinic anhydride, and a
polyethylene amine. The resultant product is post-treated with ethylene carboﬁaté. The
post-treated succinimide dispersant was used in the lubricating oil oomposition at 2.34
20 wt. %.
Borated succinimide auxiliary dispersant - The aux:hary dispersant v;ras a boron-

containing succinimide prepared from polyisobutylene, succinic anhydride, and a
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am noet hanol, cinnanyl al cohol, allyl alcohol, and the |ike. Especially
useful are the 20 nonohydric al cohols having up to about 10 carbon atons
and m xtures of nethanol with higher nonohydric al cohols. Anopunts of
pronoter will ordinarily range fromabout 0% to about 25% preferably
fromabout 1.5%to about 20% and nost preferably fromabout 2%to about
16% of acid charge. The predomnant detergent netal is calciumbut 30
sodi um nmagnesi um and barium have been used in practice. The anount of
detergent to be incorporated into the engine oil varies wdely, but

ef f ect i ve pobythytene aminsn Shy eersttantipyoduchwgepdst-gatabwith borioatid. Abdberatedos by
wei ght of the total weight of the engine oil lubricating conposition. 5
Ant i oxi dapb&idmbdeatispershaigeauskey iruthe dutirivatuygeiheompdssionat i dhedt @l | oxi dati ve
degradation of the lubricant. Besides zinc dialkyldithi ophosphates,

anti oxi dants i mslttdged calditim henanodettripsiit-Ghe oOerbaset iphenaypdserfent guas
di phenyl am ne or phenyl -al pha- napt hyl -am ne), phenolics (e.g., BHI),
sul f ur - contiapiatehiRUefalid)Sed Sibnbl stz Qh@Fhéh%l Bouf $ag hS)iraAnel dodahenl i ke.

These suppl enental antioxidants are typically used at a total tract rate

of 0. 1510 1 redfaW salOs o p@aééd%gxgmefawLﬂboﬁaﬁmab.eiht@feswlr@ﬂa?ﬂml

antiwear agents are usual non- phosphorus . conpounds added to a | ubricant
L2, 1 N () SRR e e SR sl U0
At e Bty S 6 R bR RS, 0L Che g s Tt
above additives Sy Aer G cRhbsrhROSh b i oSt bR veas
prepared from phosphorus peﬁtasulﬁde and a mixture of secondary alcohols. The
| 10 resultant mixture was neutralized with zinc oxide to produce ZnDTP. The secondary
ZnDTP was used in the lubricating oil composiﬁon at 1.14 wt. %.
Alkylated diphenylamine ashless antioxidant - The ashless amine antioxidant was
a di-alkylated, di-phenyl amine. This material was particularly effective for high
temperature oxidation control in internal combustion engines. The ashiess antioxidant
15" was used in the lubricating oil composition at 0.27 wt. %.
| Molybdenum-containing antioxidant - The molybdenum-containing antioxidant
was used in the lubricating oil composition at 0;117 wt. %.
~ Friction modifier - The friction modifier was based upon glycerol mono-oleate
that has been treated with boric acid to make a borate ester. The friction modifier was
20  wused in the lubricating oil composition at 0.18 wt. %.
Silicon-based foam inhibitor - The foam inhibitor was a conmmercially-available

12,500 molecular weight silicon oil dituted 1 to 49 parts in a light neutral solvent. The

foam inhibitor was used in the lubricating oil composition at 4.5ppm.
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various other additives such as, for exanple, other oxidation-corrosion

i nhi bitors such as hindered phenols and other antiwear agents can be used
in conbination with the foregoing reaction products. 20 Each of the
foregoi ng additives, when used, is used at a functionally effective

anount to inpart the desired properties to the lubricant. Thus, for
exanple, if an additive is a friction nodifier, a functionally effective
anount of this friction nodifier would be an anount sufficient to inpart
the desired friction nodifying characteristics to the 31 |ubricant.

General |y, the ‘déweibnmedificonTad visenshy ofodifive yees adatideiajaly shashetabloobafin r anges
fromabout 0.001%to about 20% by wei ght, and in one enbodi nent about
0.01% to capayterl OPhebmisonsitginpriveas eds ased indhd nbAtating iofftormpbsitibe al M
phosphorous |ubricating oil conposition and | ow phosphorous and | ow

sul fur lubsi®ating oil conposition. 5 In another enbodi nent of the

i nvention, the foregoing reaction products nay be provided as an additive
package or cong@BlukMcaiMbiE BorbdsttiR@IICHRYPRARAEREMpIRLOpGsessttPst ant i al |y
inert, normally liquid organic diluent such as, for exanple, mneral oil,

napht ha, o¢ ﬁq#H ' o These
concen?ra?@gﬁﬁﬁgﬁgF ;H%gﬁﬁgﬁﬁi¥%§%fgggdﬁ'f&??%’a od%hégﬁgggﬁﬁgééﬁ%sfand in
onerenbod%ﬂfg{%pbout 10 10% to about 90% by wei ght of such dil uent.
Typical lly, "a neutral oil having a viscosity of about 4 to about 8.5 cSt
at 100C and preferably about 4 to about 6 cSt at 100C will be used as the
di luent, though synthetic oils, as well as other organic |liquids which are
conpatible with the additives and finished lubricating oil can also be
used. The additive package will al soE&MRE Ly contain one or nore of the

various other additives, referred to
. : A lubricating oil composition was formed by adding to a mixture of 78 wt. % of

10 CHEVRON 100N (a. Group II base oil) commercially available from ChevronTexaco
Corp. (San Ramon, CA), 21.9 wt. % of CHEVRON 220N (a Group II base oil) |
commercially available from ChevronTexaco Corp. (Son Ramon, CA) and 0.1 wt. % of
Cargill AP560 (transesterified product of canola oil and TMP triheptanoate) available
from Cargill, Inoorporated (Wayzata, MN), the additive package of Comparaﬁve

15 Example A. The lubricating oil composition possessed a phosphorous content of 0.08 wt.

% and a sulfur content of 0.2 wt.%.

EXAMPLE 2
A Tubricating oil composition was formed by adding to a mixture of 78.2 wt. % of
20 CHEVRON 100N (a Group II base oil) commercially available from ChevronTexaco
Corp. (San Ramon, CA), 21.4 wt. % of CHEVRON 220N (a Group I1 base oil) |
commercially available from ChevronTexaco Corp. (San Ramon, CA) and 0.4 wt. % of

Cargill AP560 (transesterified product of canola oil and TMP triheptancate) available
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15 above, in the desired anounts and ratios to facilitate direct
conbination with the requisite anount of base oil. Preferably, the
additive concentrate conprises a netal -containing detergent, an asbl ess
di spersant, the foregoing reactions, zinc dialkyldithi ophosphate and
optional conponents dissolved or dispersed in an organic |iquid diluent,
at a high concentration. 20 The followi ng non-limting exanples are
illustrative of the present invention. 32 EXAMPLES The foll ow ng

exanpl es provide |ubricating_oil cg&&gsitions which were fornulated to
gi ve vi scdim Garedhdreorppiated f Wayaske Mg theqidfiitive prekeae phCompargdyg ety of
Aut onotive Engineers classification system SAE J300. 5 COMPARATI VE

EXAVPLE A ExainplsrAc3h¢ hipriestingedrpooppsition pogsesseda peaphyrondelintept o6 088 itxt ur e
of 78.1 wt. %of CHEVRON 100N (a Goup Il base oil) comercially
avai | abl e % node GiévcomFexcd®® widr p. (San Ranon, CA) and 21.9 w. % of
CHEVRON 220N (a Goup Il base oil) 10 commercially avail able from
ChevronTexaco Corp. (San Ranobn, CA), an additive package containing the
follow ng additives (each of the conponents contain diluent oil to
facilitate handling such that both thexdmpient oil and conponent are
included in the conmponent weight): 15 Additive Package Ashless dispersant
-An ashl ess sugcBiBlfe MRSmpb& {iPfoYmel SPRIRRN o ARFMRSE 78.2 wt. % of

CHEVRON 100N (a Group I base oil) commercially available from ChevronTexaco

Corp. (San Ramon, CA), 21.1 wt. % of CHEVRON 220N (a Group II base oil)

commercially available from ChevronTexaco Corp. (San Ramon, CA) and 0.7 wt. % of

10 Cargili AP560 (transesterified product of canola oil and TMP triheptanoate) available
from Cargill, Incorporated (Wayzata, MN), the additive package of Comparative
Example A. The lubricating oil composition possessed a phosphorous content of 0.08 wt.

% and a sulfur content of 0.2 wt.%.

15 EXAMPLE 4
A lubricating oil composition was formed by adding to a mixture of 78.2 wt. % of
CHEVRON 100N (a Group I base oil) commercially available from ChevronTexaco
‘ Corp. (San Ramon, CA), 20.8 wi. % of CHEVRON 220N {(a Group II base oil)

COmmercially available from ChevronTexaco Corp. (San Ramon, CA) and 1 wt. % of

20 Cargill AP560 (transesterified product of canola oil and TMP triheptanoate) available
from Cargill, Incorporated (W a.yzata, MN), the additive package of Comparative
Example A. The lubricating oil composition possessed a phosphorous content of 0.08 wt.

% and a sulfur content of 0.2 wt.%.
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prepared from 2300 nol ecul ar wei ght pol yi sobutyl ene, succini c anhydri de,
and a polyethylene am ne. The resultant product is post-treated with

et hyl ene carbonate. The post-treated succinim de dispersant was used in
the lubricating oil conposition at 2.34 20 w. % Borated succinimde
auxiliary dispersant - The auxiliary dispersant was a boron- contai ni ng
succi ni m de prepared from pol yi sobutyl ene, succinic anhydride, and a 33
pol yet hyl ene am ne. The resultant product was post-treated with boric
acid. The borated suocinimde dispersant was used in-the lubricating oil-
conposition at 1.44 w. % Overbased cal ci um phenate detergent - The
over based phenate detergent was prepared froma di (al kyl ated phenol)
sul fide. The phenol group was neutral ExedviPpbEsthen 5 the resultant salt
was overbased with |inme and carbon dioxide. The resultant Total Base

Nunber (TBN) of A {briSatERrEICReMHosiBS wab GiHned 29-2ddiRg Py RERASeH TANSRAL S asS

used in the lubricating oil conposition at approximately 2.14 wt. %

Secondary éﬁﬁ?}%‘@%@\'} 94 GRLAAN 2010 o AR availihfe SEEUMIRTERIY® vas

prepared fromp s pentasulfide an xture secondary al cohol s.
The 10 gesul tant mi xtur neug r al A j L nc~0xj de: oduce ZnDTP
The sec%nd(;?r\??&iﬁ ' °%§Al\2?§'§ vI&n % %%edﬁg$Wa%% T%Qfﬁﬁg grﬁlﬁ%ggio ?on at 1.14

w. % Al kylated diph | am ne, ashl.ess antioxj dant - Th I m ne
ot i oxi darioragoialy BT S Co e oS P o Ao AT T ol
particularly effective for high _tenperature oxidation control in interna
combust i orCEBE A0 (rpsesieiicdqrodyst p kil ang WK triheatpnp e Hailphler i cat i ng
oil conposition at 0.27 wt. %

from Cargill, Incorporated (Wayzata, MN), the additive package of Comparative

Example A. The lubricating oil composition possessed a phosphorous content of .08 wt.

10 9% and a sulfur content of 0.2 wt.%.

EXAMPLE 6

A lubricating oil composiﬁon was formed by adding to a mixture of 70.3 wt. % of

CHEVRON 100N (a Group II base oil) commercially available from ChevronTexaco
15. Corp. (San Ramon, CA), 19.7 wt. % of CHEVRON 220N (a Group II base oil)

cbmmercially available from ChevronTexaco Corp. (San Ramon, CA) and 10 wt. % of
Cargill AP560 (transesterified product of canola oil and TMP triheptanoate) available
from Cargill, Incorporated (Wayzata, MN), the additive package of Comparative
Example A. The lubricating oil composition possessed a phosphorous content of .08 wt.

20 % and a sulfur content of 0.2 wt.%.
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Mol ybdenum cont ai ni ng anti oxi dant - The nol ybdenum cont ai ni ng anti oxi dant
was used in the lubricating oil conposition at 0.117 wt. % Friction

nodi fier - The friction nodifier was based upon glycerol nono-ol eate that
has been treated with boric acid to make a borate ester. The friction
nodifier was 20 used in the lubricating oil conposition at 0.18 wt. %
Silicon-based foaminhibitor - The foaminhibitor was a
commerci al l y-avail able 12,500 nol ecul ar weight silicon oil diluted 1 to
49 parts in a light neutral solvent. The foaminhibitor was used in the

| ubricating oil conposition at WOEFPRABYBESAMALBBodifier - The
viscosity nodifier was a noderately shear stable olefin copolyner. The
vi scosi ty i npr éviebrivsing vdednipositie wasifirinediby adiing fo acompos bf 7402 wat%bd. 1
wt. % The lubricating oil conposition of Conparative Exanple A possessed

a 5 phospHRNRONONDEN{a GfoudIDba% biMRt@hiyiediall§ avdilabRofrmg ChewbhTdkaccont ent
of approximately 0.2 w.% EXAMPLE | A lubricating oil conposition was

- formed by aglgli(9sh RAngn, TAY 86.8 waf %6F CMEVROR 22040, gi}é@?iga(a G oup I
p.

base oil) comrercially avail able from ChevronTexaco n Ranon,

O 250 Homodl, AR A G, el o i
Car || PR SR B SR RN AP P P g e
additive Qﬁl%é?c%? ngglpacnc%,f f gtieilp\ﬁa, PA), the:additive package of Comparative Example A.

The lubricating oil composition possessed a phospherous content of 0.08 wt. % and a
sulfur content of 0.2 wi.%. |

10

COMPARATIVE EXAMPLE C
A lubricating oil composition was formed by adding to a mixture of 70.3 wt. % of
CHEVRON 100N (a Group II base oil) commercially available from ChevronTexaco
Coip. (San Ramon, CA), 19.7 wt. % of CHEVRON 220N (a Group II base oil}

15 commercially available from ChevronTexaco Corp. (San Ramon, CA) and 10 wt. % of
Léxolube@ 3N-310 (trimethylolpropane tri caprylate/caprate) available from Inolex
Chemical Company (Philadelphia, PA), the additive package of Comparative Example A.
The lubricating oil composition possessed a phosphorous coﬁtent 0of 0.08 wt. % and a |
sulfur content of 0.2 wt.%. |

20 COMPARATIVE EXAMPLE D

A lubricating oil composition was formed by adding to a mixture of 74.2 wt, % of

CHEVRON 100N (a Group II base oil} commercially available from ChevronTexaco

Corp. (San Ramon, CA), 20.8 wt. % of CHEVRON 220N (a Group II base oil)
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15 Exanple A. The lubricating oil conposition possessed a phosphorous
content of 0.08 wt. % and a sulfur content of 0.2 wt.% EXAMPLE 2 A

| ubricating oil conposition was forned by adding to a m xture of 78.2 wt.
% of 20 CHEVRON 100N (a G oup Il base oil) comercially available from
ChevronTexaco Corp. (San Ranon, CA), 21.4 w. % of CHEVRON 220N (a G oup
Il base oil) comrercially available from ChevronTexaco Corp. (San Ranon,
CA) and 0.4 wt. %of Cargill AP560 (transesterified product of canola oil
and - TMP tri heptanoate) available 35 fromCargill, Incorporated (Wayzata,
M\), the sdoineicialyrveiaiieiron @@ﬁm&aﬂooéiowgwﬁnm Chveanid powt. &aef ng oi |
conposi tion possessed a phosphorous content of 0.08 wt. % and a sul fur
cont ent ofLeRolAbe® 2% 108 (EXAdRYEIDatR) lavditableatom dnodéd Coanpadldmmmywas f or med
by adding to a m xture of 78.2 w. %of CHEVRON 100N (a Group Il base

oi |') conmepkiadklbiiaopAl, Mﬁ«ega@@euf oodhpaade Exaaibe A( She IiRaitating &GP) |
21. 1 w. % of EVI 220N (a oup Il base oil) comercially avail able

from Chev rc@ﬁ%@@iﬁ‘&?p&@és@ed 4 piRpIRABRbonfeY of N8B V. ¥ Mid a JARE cdfededi @2l | APS60

(transesterified product of canola oil and TMP tri heptanoate) avail abl e
from Car gid,,[l% | ncorporated (Wayzata, M\), the additive package of
Conpar ative  Exanple A The lubricating oil conposition possessed a
phosphorous content of 0.08 wt. % and a sulfur content of 0.2 w.% 15
EXAMPLE 4

COMPARATIVE EXAMPLEE
A lubricating oil composition was formed by adding to a mixture of 70.3 wt. % of
CHEVRON 100N (a Group II base oil) commercially available from ChevronTexaco
10 | Corp. (San Ramon, CA), 19.7 wt. % of CHEVRON 220N (2 Group II base oil)
-commercialty available from ChevronTexaco Corp. (San Ramon, CA) and 10 wt. % of
Lexolube® 2X-109 (din'ideéyla&ipate) available from Inolex Chemical Company
(Philadelphia, PA), the additive package of Comparative Example A. The lubricating oil
- composition possessed a phosphorous content of 0.08 wt. % and a sulfur content of 0.2

15 wt%.

COMPARATIVE EXAMPLEF
A lubricating oil composition was formed by adding to a mixt—ure of 74.2 wt. % of
CHEVRON 100N (é Group I base oil) commercially available from ChevronTexaco
20 Corp. (San Ramon, CA), 20.8 wt. % of CHEVRON 220N (a Group II base oil)
commercially available from Chevron'l;exaco Corp. (San Ramon, CA) and 5 wt. %
Lexolube® 4N-415 (pentaerythritol tetra caprylate/caprate) available from Inolex

Chemical Company (Philadelphia, PA), the additive package of Comparative Example A.
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A lubricating oil conposition was fornmed by adding to a m xture of 78.2
wt. % of CHEVRON 100N (a Group Il base oil) commercially available from
ChevronTexaco Corp. (San Ranon, CA), 20.8 wt. % of CHEVRON 220N (a Group
Il base oil) comercially avail able from ChevronTexaco Corp. (San Ranon,
CA) and 1 wt. %of 20 Cargill AP560 (transesterified product of canola oil
and TMP tri heptanoate) available from Cargill, Incorporated (Wayzat a,

MN), the additive package of Conparative Exanple A The |ubricating oil
conposition possessed a phosphorous content of 0.08 wt. % and a sul fur .
cont ent OfTh®ludrivdtinooil3HNIpEANGL Fodsedied wBLdsphdrbigecdidnt 6OMPasitbRly 0es f or med
by adding to a mxture of 74.2 wt. %of CHEVRON 100N (a Group Il base

oi I) commgk oj,ahd ¥ s@%RichaBh ﬁ%@k@iﬁéﬂ?@@@%‘%?? 5 Corp. (San Ranon, CA),
20.8 wt. % of CHEVRON 220N (a G oup Il base oil) comercially available
from ChevronTexaco Corp. (San Ramon, CA) and 5 wt. %of Cargill AP560
(transesterified product of canola oi | and TMP triheptanoate) available
fromGargill, Incorporated ( t| ve package of
Conparative Exanple A The m@ﬂ%@ﬂw}é?‘@ﬁ% sition possessed a
phosphor ous cont ent . 10,% and |.fur content of

.EXAMPLE 6 A | ubrica f‘qhﬁmﬁ ﬁ?fﬂ%‘?sftfo&nw H‘F‘%rmdw 9 AR et?)f'é% Xt ure
of 70.3 wt. % of _CHEV Groupll base 0|I) conmermally

avai | abl e"tr%6mf @Wé?%o(aﬁowl@asw rpopugstallygyailablo fromyt - o4 of

CHEVRON 220N (a Groug Il base oil)
ChevronTexaco orp. (San Ramon, CA), 19.7 wt. % of CHEVRON 220N (a Group II

base oil) commercially available from ChevronTexaco Corp. (San Ramon, CA) and 10
wt. % of Lexolube® 4N-415 (pentaerythritol tetra caprylate/caprate) available from

10  Inelex Chemical Company (Philadeiphia, PA), the additive package of Comparative
Example A. The lubﬁcating oil composition possessed a phosphorous content of 0.08 w.

% and a sulfur content of 0.2 wt.%.

TESTING
15 Each of the lubricating oil compositions of Examples 1 and 2 and
Comparative Examples A-E were evaluated using the Thermo-Oxidation Engine Oil

Simulation Test (TEOST) TEOST MHT-4 and TEOST 33 as described below.

TEOST MHT-4

20 ‘ The TEOST MHT-4 test as described in Florkowski et al., Draft 12 TEQST
MHT-4 Test Method, to Henry Wheeler, Chair, ASTM D.02.07 TEOST Surveillance

Panel Chair (September 10, 1999) was performed to predict the moderately high

40



commercially avail abl e from ChevronTexaco Corp. (San Ranon, CA) and 10 w.
% of Cargill AP560 (transesterified product of canola oil and TMP

tri heptanoate) available from Cargill, Incorporated (Wayzata, MN), the
addi ti ve package of Conparative Exanple A The lubricating oil
conposition possessed a phosphorous content of 0.08 wt. 20 % and a sul fur
content of 0.2 w.% 37 COVPARATI VE EXAMPLE B A lubricating oil
conposition was formed by adding to a m xture of 74.2 wt. % of CHEVRON
100N (a Group Il base oil) comercially avail abl e from ChevronTexaco

Corp. ( SamerRsmatnre depdsit f20nig wendeRsies of CHENRON, @panalivan Grapigion tinphele oil) 5
commercially avail abl e from ChevronTexaco Corp. (San Ranmon, CA) and 5 w.
% of Lex@ldabe(r) 3N-310 (trimethyl ol propane tri capryl ate/ caprate)

avai l abl e fromlInolex Chem cal Conpany (Philadel phia, PA), the additive
package of Compaidtd YOS afhtRufavaildie floubTidmal Cogipiy (480U RaRk Shaite
possessed. a phosphiorous content of 0.08 w. %and a sulfur content of 0.2

w. % 10 %ﬁgﬁ%ﬂgﬁé&%?&m&nﬁﬁ Hfééc%@iﬂﬂéquﬁ{ch' | difl QpheEiohOr Med by

addi ng toI I re o Ch- % 0 EVRON 100N (a G oup I'l base oil)
i i . ) - (- , 19:7 .
C/h”?e CPEVRO Sk {67 s%%@w%ééﬁ%%?%&%@#&%f@% @%%?ﬁ%@%e from.
T Co Ra , CA 10 . % 31
SN X e LR S

casing. The rod was resistively heated to obtain a constant temperature of 285°C for 24

hours. During this time, dry air was forced to flow through the mantle charnber at a
specified rate of 10mL/min. At the end of the test, the depositor rod and the components

10  of the chamber were carefully rinsed of oil residue using a volatile hydrocarbon solvent.
After drying the rod, the mass of deposits was determined. The hydrocarbon solvent
rinse was filtered and weighed and the mass of the accumulated filter deposits was
determined. The mass of deposits on the rod plus the mass of deposits on the filier was
the total deposit mass. The mass of deposits which have accumulated on the inside

15  surface of the mantle were also weighed.

TEOST 33
The TEOST 33 test was performed to assess the deposit forming tendencies of
engine oils brought into contact with 500°C turbocharger componenté. The TEOST 33
20 testused ilerein is described in D.W. Florkowski and T.W. Selby, “The Development of a
Thermo-Oxidation Engine Oil Simulation Test (TEOST), SAE Paper 932837 (1993) and
Stipanovic et al., “Base Oil and Additive Effects in the Thermo-Oxidation Engine Oil

Simulation Test (TEOST),” SAE Paper 962038 (1996).
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Chem cal Conpany (Phil adel phia, PA), the additive package of Conparative
Exanple A.  The lubricating oil conposition possessed a phosphorous
content of 0.08 wt. % and a sulfur content of 0.2 w.% 20 COVPARATI VE
EXAMPLE D A lubricating oil conmposition was fornmed by adding.to a m xture
of 74.2 wt. %of CHEVRON IOON (a G oup Il base oil) comrercially

avai |l abl e from ChevronTexaco Corp. (San Ranon, CA), 20.8 wt. % of CHEVRON
220N (a G- oup Il base oil) 38 comrercially avail able from ChevronTexaco
Corp. (San Ramon, CA) and 5 w_. % of _ Lexol ube(r) 2X-109

(ditridecyl adi JaeapPawas F%}S&edqu@ﬂ@mﬁ‘ét@feeﬁ%@éeﬂ deppiipemirnemmieia®é| phi a,
PA), the additive package of Conparative Exanple A. The lubricating oil
conposi t i erhoiowsizpestr soduxaallytabigneswitlintaa wtiteptubg. G8e tompessteradi thesul f ur
content of 0.2 5 wt.% COVWARATI VE EXAMPLE E A lubricating oil conposition
was f or nedeqryoragidititgicposi®r odwere éndependdnBy vdntrofed f TheTkbidatNg DION (a G oup
Il base oil) commercially avail abl e from ChevronTexaco 10 Corp. (San

Ramon,  CA)conibBsifioNMimdeVeedluftidn rohhiR DR th 8 O6FpaWISS ikdn detisere@iab Jn ire@MMer ci al |y
avai | abI e from ChevronTexaco Corp. (San Ranbn, CA) and 10 wt. % of

Lexol ule( 1y, ﬁtﬁe%%a&gystt [ 5AAN BRLELIAY Thh AkiEre A THATIRLRY (CheMEa!
Conpany PR phia, PA), the additive package of Conparative Exanple

R T B S SR G S BRSSPI ot ©
| “Throughout the TEOST 33 test, the oil was pumped through the annulus between the
depositor rod and the outside casing whilej the rod was cycled through a programmed
temperature profile. Except for the initial temperature ramp from room temperature to
10 200°C, the temperature cycle was repeated 12 times. The total test duration was for a
time period of 114 minutes.

At the completion of the oxidation cycle, the oil was collected and ﬁifered. The
equipment was cleaned with solvent and that solvent was also filtered. The filter used in
collecting the oil was dried and weighed to determine the filter deposits. The depositor

15 rod was dried and weighed to determine the accumulation of deposits. The total deposit
was the sum of the rod and filter deposits and reported in milligrams. Test repeatability

-was originally given as +/~ 2.3 mg with a standard deviation of 1.6 mg,

The results of these tests are set forth below in Table 1.
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COVPARATI
to a m xt

comercially avail abl e from ChevronTexaco 20 Corp.

wt . % of

ChevronTexaco Cor p.
(pent aerythritol

Company (

39 The lubricating oil
approximately 0.08 wt.

VE EXAMPLE F A |ubricating oil

conposition was fornmed by addi ng
ure of 74.2 wt. % of

CHEVRON | OON (a Goup Il base oil)

(San Ranon, CA), 20.8
CHEVRON 220N (a Group Il base oil) comercially available from
(San Ranon, CA) and 5 wt. % Lexol ube(r) 4N 415
tetra capryl ate/caprate) available fromlnolex Chem cal
Phi | adel phia, PA), the additive package of Conparative Exanple A
conposition possessed a phosphorous content of

% and a sul fEABEBrit ent of approximately 0.2 w. %

COVMPARATI VE EXAMPLE G 5 A lubricating oil conposition was fornmed by addi ng
to a m x{{@egpel 7073 WIEE TEHAM T3 @gpupl | | . base oil)
commerci ally avail abl e |[from ChevronTexaco Corp. (San Ramon, CA), 19.7 w.
% of CHEVEERN,APN (2 Giog I base oil|)sepommercially available from
ChevronTdxaco Corp. (Sgn Ranon, CA) and 10 w: % of |Lexol ube(r) 4N 415
(pent aer VTERELFOE T €T Ta [Capy YT at e/ capr atlejs.cavai-l abl e from 10 I nol ex
Chem cal {Conpany (Phil adel phia, PA), the additive pa¢ckage of Conparative
Exanpl e AEdfgicBubricat{isg oil, conposijt4gen possessed a phosphorous
content of 0.08 wt. %jand a sulfur content of 0.2 wt.% TESTING 15 Each
of the | ymxheatung ol T [Gampositions of [Beanples 1 and 2 and Conparative
Exanpl es |A-E were eval uated using the Therno-Oxidati on Engine O |
Example 5 285 - 120.6
Example 6 35.1 18.8
Comp. Ex. A 45.2 57.3
Comp. Ex. B 36.3 39.7
Comp. Ex. C 39.7 34.7
Comp. Ex. D 47.3 82.2
Comp. Ex. E 494 105.4
Comp. Ex. F 40.3 36.2
Comp. Ex. G 46.5 1364
The TEOST tests (TEOST 33 and TEOST MHT-4) are key bench tests for all
ILSAC passenger car moter oil formulations. At present, only the TEOST MHT-4 test is
5  required but the TEOST 33 test will likely be added back in the future. In order to pass
the TEOST MHT-4 bench test, the lubricating oil can provide no higher than 40 mg,
while for the TEOST 33 bench test, the lubricating oil composiﬁon can provide no higher
than 60 mg. These tests behave differently to certain additives, namely, the TEOST
MHT-4 test generally preferring ashbless antioxidants like the diphenylamine and the
10 TEOST 33 test generally preferring detergents. In general, the TEOST MHT-4 test
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Simul ati on Test (TEOST) TECST MHT-4 and TEOST 33 as described bel ow. TECST
VHT-4 20 The TEOST MHT-4 test as described in Florkowski et al., Draft 12
TEOCST MHT-4 Test Method, to Henry Wheel er, Chair, ASTM D. 02.07 TECST
Surveillance Panel Chair (Septenber 10, 1999) was performed to predict
the noderately high 40 tenperature deposit form ng tendencies of engine
oil, especially in the piston ring belt area. Using a TEOCST apparat us
avai |l abl e from Tannas Conpany (4800 Janes Savage Road, M dland, M

48642), a sanple of each of the lFubricating engine oil conpositions 5 of

Exanpl es 1rcailth e 8fkhA07PaoatthyBmExahid s TROSTCNkstiradulty asntypicganonet al | i c
catal yst was forced to flow past a tared, w re-wund depositor rod held in

a gl ass magsi&fine CRBLD inthEve R THBS TN Bt lrbifts, Yo RRERHsddQulBhAdNa 8.
constant tenperature of 285C for 24 hours. During this tine, dry air was

(oreed to plal LU BRI RSh IR Bt AP e Bl
of the chanbnz%}t\égﬁ_‘[%-fggﬁéﬁn[y rinsed of oil residue using a volatile

hydr ocar bof” drying the rod, the mass of deposits was
determ ned. The hydrocarbon sol vent and wei ghed and

ripse filtere
the mass of theAGEUHREIa RS W@r"e&é‘iﬁ‘ég‘?‘f’s%mﬁf&geql THRPSIPHE s s of

deposits on the rod plus the mass of deposits on the filter was the total
deposit naEzampined-fatsmeereadionPraducipf Rotyah s8ters A6 dimike st ofthaniesephsi de 15
surface of the mantle were al so wei ghed. TEOST33

invention as a 1%, 5% and 10 % by weight, respectively, replacement for the Group II

mineral oils, provided a TEOST MHT-4 performance Significénﬂy better than that of the
baseline formulation of Comparative Example A, i.e., 33.5 mg, 28.5 mg and 35.1 mg,

10 respéctively, as compared to 45.2 mg. The lubricating oil compositions of Examples 4-6
also performed significantly better than the lubricating oil composition of Comparative
Example A in the TEOST 33 test, i.e., 36 mg, 20.6 mg and 18.8 mg, respectively, as
compared to 57.3 mg. Clearly, by forming a lubricating oil composition containing the
reaction product of the present invention, a significant improvement in the both the

15 TEOST MHT-4 and TEOST 33 tests and deposit control is achieved.

Additionally, it can be seen that the lubricating oil compoéitions of Examples 1-3
using relatively low levels of a reaction product of polyol esters within the scope of the
present invention provided substantially the same results for the TEOST MHT-4 test
compared to the baseline formulation of Comparative Example A while providing

20 - slightly better results for the TEOST 33 test

| It is also noteworthy that the lubricating oil compositions of Examples 4-6
performed significantly better than the lubricating oil compositions of Comparative

Examples B-G containing only a polyol ester, Accordingiy, the Iubricating oil



The TECOST 33 test was perforned to assess the deposit form ng tendencies
of engine oils brought into contact with 500C turbocharger conponents.
The TEOST 33 20 test used herein is described in DOW Florkowski and T. W
Sel by, "The Devel opment of a Therno-Oxidation Engine Ol Sinulation Test
(TECST), SAE Paper 932837 (1993) and Stipanovic et al., "Base Gl and
Additive Effects in the Therno-Oxidation Engine G| Sinulation Test
(TECST)," SAE Paper 962038 (1996). 41 The apparatus consi sted of an

oxi dation reactor and a deposition zone nmade up of a hollow depositor rod
axi ally ali giggbsiiondoNEadngled £6 presiéed beier depogitsatiol gaothetibericatiggeilor and
the depositor rod were independently controlled. The |ubricating oil

conposi ti on ARGRLHERY 8f CakbAatVEEx e .t ThelORBRM ¢ chtirgly WekposrEed as an

iron 5 naphthenate catal yst, then added to the reactor. The m xture was

then heated to a ( i t eam
Iylebndat s i TR Bl HERRA0 e By

of air, nitrous oOXxi wat er . 33 test, the oil
was punped thr h ) e i tar -he. qut si de
casi ng whi l gs?ﬁg%gg%@a@%%gﬁetgggﬁ%ugﬁ&g)%grrlogﬁ%%eC %Sf%%@a Ellr?l?m rofile.

" Except for the injtial t erature r fromroomtenperature to .10 200C,
the tenp rak’%‘@eré @F@X%é’[g)“éb‘é%ﬁ d’r?aﬁnn%% RS- ¢ g%)mi“% t{hﬂé‘P}EPP% was
for a tinme period of 114 m nutes, At the caonpletion of the oxidation
cycle, the 8pscripedaboye prcbisgticmenicd 39 the Pestmot for OpeaiphBRPrergdt 1aYBEARd wi t h
solvent and that solvent was also filtered. The filter used in collecting
the oi | wasagrfeilusragiongigpesss ady. dether srangements and methodiapag be snplamented
depositor 15 rod was dried and wei ghed to determ ne the accunul ati on of
deposits. Thethost sitillatkindlsd 4rt without departing from the scope and spirit of this invention.

Moreover, those skilled in the art will envision other modifications within the scope and

10 spirit of the claims appended hereto.
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was the sumof the rod and filter deposits and reported in m|ligrans.
Test repeatability was originally given as +/- 2.3 ng with a standard
deviation of 1.6 ng. The results of these tests are set forth below in
Table 1. 42 TABLE 1 Sanple TECST MHT-4 (ng) TEOST 33 (ng) Exanple 1 50.6
56.9 Exanple 2 47.6 48.9 Exanple 3 51 48.6 Exanple 4 33.5 36 Exanple 5
28.5 20.6 Exanple 6 35.1 18.8 Conp. Ex. A 45.2 57.3 Conp. Ex. B 36.3
39.7 Conp. Ex. C39.7 34.7 Conp. Ex. D 47.3 82.2 Conp. Ex. E 49.4 105.4
Conmp. Ex. F 40.3 36.2 Conp. Ex. G 46.5 36.4 The TEOST tests (TEOST 33 and
TEOCST MdI-AMMSre key bench tests for all |LSAC passenger car notor oil
formul ations. At present, only the TECST MET-4 test is 5 required but the

TEOST 33 test], W hubritdtiegloy ddgpasidedcdmgising(al Htmafodabhoent Jfa baseddloft 0 pass
lubricating viscosity and (b) 0.05 to 10 wt. %, based on the total weight of the composition,
of a reaction product prepared by transesterifying at least one glycerol ester and at least one
non-glycerol polyol ester, wherein the composition has a phosphorous content not exceeding
.08 wt. % and a sulfur content not exceeding 0.2 wt. %, based on the total weight of the

composition.

2. The lubricating oil composition of Claim 1, wherein the glycerol ester is a mixed

glycerol fatty acid ester.

3. The lubricating oil composition of Claims 1 or 2, wherein the glycerol ester is a C4

10 about C75 glycerol fatty acid ester.

4. The lubricating oil composition of Claim I, wherein the glycerol ester is a

vegetable oil.

5. The lubricating oil composition of Claim 4, wherein the vegetable oil is selected

from the group consisting of corn oil, rapeseed oil, soybean oil, and sunflower oil.

6. The lubricating oil composition of Claim 5, wherein the rapeseed oil is canola oil.
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t he TEOST MHT-4 bench test, the lubricating oil can provide no higher than
40 ny, while for the TEOST 33 bench test, the lubricating oil conposition
can provide no higher than 60 ng. These tests behave differently to
certain additives, namely, the TECST MHT-4 test generally preferring

ashl ess antioxidants |i ke the di phenylam ne and the 10 TEOST 33 test
generally preferring detergents. In general, the TECST MHT-4 test 43
results are ordinarily belowthe limt, while the TEOCST 33 test results
are typically borderline. Thus, to inprove the TEOST 33 test results,

| ow over based7 suhd QBA¢RiSg of coRPbeiién 6@ 0ge bt the BrRedivPcahd, Whegdedet 0 a
formul ation. This, however, increases sulfur content of the fornulation.
5 Accor dPeigeiycerahnolypd esterds g iapethyiolniorsmegstet he | ubri cating oi |

conpositions of Exanples 4-6 using a reaction product of polyol esters
within the scope of the present invention as a 1% 5% and 10 % by wei ght,
respectivel y, 8.r €d lnbmerting ofl@omphsti@r aigoylohe ofitlmarsal tod, Whereprtbenodked a TECST
VHT- 4 performance.significapntly better than that of the baseline

For mil o FSReBr P S R el i bRt 3L 0 108 S e and 35,1 m,
10 respectively, as conpared to 45.2 ng. The lubricating oil conpositions
of Exanples 4-6_ _al sqQ perforned ngnificantI¥ better than the |ubricating
oi | conposi ti dnTht ubdraAsiae stlicompogiomp ayRnp Al ¢lp@msTiHodT whereindhe reaptien | 36
19, 20- Opfu@ilorl nin Whanl RAPGES.| UPS Yot Rbas COIPHRE Eflallif of yffD. O early,
by fornlﬁg a lubricating ol conposition containing the  reaction product
of the pe@spositionnvention, a significant inprovenent in the both the 15
TECST MHT-4 and TEOST 33 tests and deposit control is achieved.
Additionally, it can be seen that the lubricating oil conpositions of
Exanmpl es 1-3 10. The lubricating oil composition of any one of claims 1 to 8, wherein the reaction

product is present in an amount of 0.2 to 5 wt. %, based on the total weight of the

composition.

11. The lubricating oil composition of any one of claims 1 to 8, wherein the reaction

product is present in an amount of 1 to 5 wt. %, based on the total weight of the composition.
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using relatively low |l evels of a reaction product of polyol esters within
the scope of the present invention provided substantially the sane
results for the TEOCST WMHT-4 test conpared to the baseline fornulation of
Conpar ative Exanple A while providing 20 slightly better results for the
TEOCST 33 test It is also noteworthy that the lubricating oil conpositions
of Exanples 4-6 perforned significantly better than the lubricating oil
conpositions of Conparative Exanples B-G containing only a polyol ester.
Accordingly, the lubricating oil 44 conpositions of Exanples 4-6 provided
better deposit control than the lubricating oil conpositions of
Conparative Exanples B-G These results are entirely unexpected. It wll
be under st ood a rious .nodifi.cafi . made to t enbodi pent s
i sel osed her el iRk Rirou3 eORRuIRY (57 ol RpleRl A HhR OB het r ve
as |im tihngricdtingwiscosttyehy (5. Exenmolh it b dhicdns tiaftopl atipht ettheadosbsitng S.
For exanple, the functions, described, above d i npl epented as the best
nmode for é‘ft}ol‘i‘d’r?cﬁ’ét ?)f{]aé?@ﬁtonreWﬁlﬁ’f’]mﬁeﬁ%ﬁogﬂ?ecﬁen?rﬁll gPY!3t i on pur poses
only. Qther arrangenents and nmethods may be inplenented by those skilled
in the art without departing fromtfhe scope and spirit of this invention.
Moreover, those skilled in thg art A envi si on ot her nodifications

wi thin the scope and 10 spi ryt of 5he (lzzl ai nrs appended hereto. 45 CLAI M5
1. Alubricating oil conposi tion cowpri sing (a) a major anobunt of a base

oi | of lubricating viscosity and (b)J 0.03 to 10 Wy % based on the total
wei ght of the conposition, CH——OC—XK

l 0

CH; OC—R’

wherein R', R” and R® are independently aliphatic hydrocarbyl moieties having 4 to about 75

carbon atoms; and at least one second polyol ester of the general formula:

o)
oc—r=r*
/
(CHa)y
R —— C— (CHy), 0 (1
oC——R®
R6

wherein x and y are the same or different and are integers from 1 to 6, R* and R® are
N independertly aliphatic hydrocarbyl moieties having 4 to 24 carbon atoms and R® and R” are

independently hydrogen, an aliphatic hydfocarbyl moiety having 1 to 10 carbon atoms or

0

(CH,), 0C—— R®
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of a reaction product prepared by transesterifying at |east one glycerol
ester and at | east one non-glycerol polyol ester, wherein the conposition
has a phosphorous content not exceeding 0.08 wt. % and a sul fur content
not exceeding 0.2 w. % based on the total weight of the conposition. 2.
The lubricating oil conposition of Claiml1, wherein the glycerol ester is
a mxed glycerol fatty acid ester. 3. The lubricating oil conposition of
Claims 1 or 2, wherein the glycerol ester is a C4 to about C75 glycerol
fatty acid ester. 4. The lubricating oil conposition of Claim1, wherein

the glycekmdreifSli®hn infeglr r4ADEH 3N R an Bip hﬂ"@h}tdﬂ&&#ﬁ@}doﬁ%y Rédlr(%&’{g’?é' tion

of Claim4, wherein the vegetable oil is selected
consi st i r@rbﬁl BYnn Yierein thgsempesitier has agdpb@dwrous |Cbnteiarm)t waédmg\&ﬂS oitl %

The | ubrigat [ eseed .0i | is
canol a oi %‘% d s}gug&dn}%?ﬂ@%%ﬁegg%%wgf agﬁdp%m{ﬁf eflé]ﬁr‘?{;a’(p?r‘f@mé?f’snil%
precedi ng clainms, wherein the non-glycerol polyol ester is a
trinmethylolpro . 8.. The | ubricating oil osition of any one of
claims 1 o6, Eonea e Sty B IpBl oM heS e pase of of bricating

tri met hyl akqsip an@niprikdietaadnnaiabasd oilThe | ubricating oil conposition of
any one of clains 1 to 8, wherein the reaction product is present in an

anount of 0.1 to 8 w. % based on the total melght of the conposition.

10. The | .Ub ricpfl TH h%rkcaﬁl?m §(i)rhli.)c%§]tio%f0f%wunoﬁe v&%ereln t%e gg,se oil 0?" ll%ﬂc\gggg ein

t he reaction
viscosity is comprised of a polyalphaolefin base oil.

15. The lubricating oil composition of any one of Claims 12 to 14, wherein R, R?
and R? of the first polyol ester are independently selected from an aliphatic hydrocarbyl
moiety having 4 to 24 carbon atoms, wherein at least one of R', R* and R* is a saturated
aliphatic hydrocarbyl moiety having 4 to 10 carbon atoms, and wherein at least one of R', R

and R? is an aliphatic hydrocarbyl moiety having from 11 to 24 carbon atoms.

16. The lubricating oil composition of Claim 15, wherein the aliphatic hydrocarbyl
moiety having from 11 to 24 carbon atoms is derived from a fatty acid seiected from the

group consisting of oleic acid, eicosenoic acid and erucic acid.
17. The lubricating oil composition of any one of Claims 12 to 14, wherein the first

poly(ﬂ ester is canola oil and the second polyol ester is a tliméthylolpropane (TMP) ester

selected from the group consisting of TMP tri(2-ethyl hexanoate), TMP
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product is present in an amount of 0.2 to 5 wt. % based on the total

wei ght of the conposition. 11. The lubricating oil conposition of any one
of clainms 1 to 8, wherein the reaction product is present in an anmount of
| to 5 w. % based on the total weight of the conposition. 47 12. A

| ubricating oil conposition conprising (a) a nmajor amount of a base oil of
| ubricating viscosity and (b) 0.05 to 10 wt. % based on the total weight
of the composition, of a reaction product of at |east one first polyol
ester of the general formula: 0 CH2- CC 1 O CHOAOI-R2 (1) 1"'11 CH

O R3 whetritieptamtiate @3RI, RRMBIrRapriyed andeticayrat, TRPAE(SodMEKRED LAY TMP
noi eti es Fogq\gi ng 4 to about 75 <carbon atons; and at | east one second
pol yol e¥1&%f the general formula: O OC -R4 (CH2)a R C- (CH2)y O
(rr)y v 11 OGRS

18. The lubricating oil composition of any one of Claims 12 to 17, wherein the
reaction product is present in an amount of 0.1 to 8 wt. %, based on the total weight of the

composition.

19. The lubricating oil composition of any one of Claims 12 to 17, wherein the
reaction product is present in an amount of 0.2 to 5 wt. %, based on the total weight of the

composition.

20. The lubricating oil composition of any one of Claims 12 to 19, wherein the
composition has an SAE Viscosity Grade of OW, 0W-20, 0W-30, 0W-40, 0W-50, 0W-60,
SW, 5W-20, 5W-30, 5W-40, 5W-50, 5W-60, 10W, 10W-20, 10W-30, 10W-40, 10-50, 15W,
15W-20, 15W-30 or 15W-40.
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e R wherein x and y are the sane or different and are integers from1l to
6, R4 and R5 are independently aliphatic hydrocarbyl noieties having 4 to
24 carbon atons and R6 and R7 are independently hydrogen, an aliphatic
hydrocar byl noiety having | to 10 carbon atons or 0 (CH2)z- Al - R$ 48
wherein z is an integer fromO to 6 and R8 is an aliphatic hydrocar byl

noi ety having 4 to 24 carbon atons, wherein the conposition has a
phosphorous content not exceeding 0.08 wt. % and a sul fur content not
exceeding 0.2 w. % based on the total weight of the conposition. 13. The
| ubricating oil conposition of Claim12, wherein the base oil of

lubricating viscosity is conprised of a mneral base oil. 14. The
lubricating oljl 162 MRRRAALS &mbdsRioMol dny WResratIBinisn® 1526 &afinly 20f
| ubricating viscosity is conprised of a polyal phaolefin base oil. 15. The

| ubr i catphegphsirdus sonpaigiof Fxaseding 84 vony. bisedraihegotabweightiof thegrepnasiior | R2
and R3 of the first polyol ester are independently selected from an

al i phatic hydrocarbyl noiety having 4 to 24 carbon atons, wherein at

| east one of R. ThRZutaidtikBoil sompsitionredtieyloneadfi Gihiatsi 1€ th 2dy fotherby|l noi ety

having 4 to 10 carbon at , and rei.n at least.one.of R, R2 and R3 is
o a1 | pHeEETE R S Bs PO TS RSt U PP SR S DN S GRS 16, The
| ubri cat isARsOkibpERAROBictib® MobffieH, ektamdpreyIRS Bbits Vit osily iRl infpréiegy ocar byl
noi ety having from 11l to 24 carbon atons is derived froma fatty acid
sel ect edarfdrpont peiat depressants such that the phosphorous content of the lubricating oil

composition is no greater than 0.08 wt. % and the sulfur content of the lubricating oil

composition is no greater than 0.2 wt. %, based on the total weight of the composition.

23. A method of operating an internal combustion engine comprising operating
the internal combustion engine with a lubricating oil composition comprising (a) a major
amount of a base oil of lubricating viscosity and (b) 0.05 to 10 wt. %, based on the total
weight of the composition, of a reaction product of at least one first polyol ester of the

general formula:
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group consisting of oleic acid, eicosenoic acid and erucic acid. 17. The

| ubricating oil conposition of any one of Clains 12 to 14, wherein the
first polyol ester is canola oil and the second polyol ester is a
trimethyl ol propane (TMP) ester selected fromthe group consisting of TMP
tri(2-ethyl hexanoate), TMP 49 triheptanoate (TMPTH), TMP tricapryl ate,
TMP tricaprate, TMP tri(isononanoate) and TMP trioleate. 18. The

| ubricating oil conposition of any one of Clains 12 to 17, wherein the
reaction product is present in an anmount of 0.1 to 8 w. % based on the
total weight of the conposition. ¥19. The lubricating oil conposition of
any one of Clains 12 to 17, mhereﬂh the reaction product is present in an
amount of 0.2 to 5 wt. % beased—astthertotal weight of the conposition.
20. The lubricating oil comppsitiqgn of any one of Clainms 12 to 19, wherein
the conposition has an SAE |scosmty G ade of O OWNM20, ONM30, OWM40,

oWV 50, OW¥60, 5W 5W20,5W Qvgcg,_g 50, 5W 60 | OWN | OW 20, | OW 30,

| ON 40, 10- 50, 15W  15W 20, IB5W 30 or 15W40. 50 21. The | ubricating oi
conposition of any one of C ains to 20, having a phosphorous content
not exceeding 0.05 w. % based onjthe total weight of the conposition.

22. The lubricating oil conpasiti@m—efrany one of Cains 12 to 21, further
conprising at |east one additive selected fromthe group consisting of

met al | i cwRgtiarRIeRt snd R are independently aliphatic hydrocarbyl moieties having 4 to about 75

carbon atoms; and at least one second polyol ester of the general formula:

0
I
OC—R
7
(CHa)x
RI—— C—(CHy), O (D)
N
OC—R
R6

wherein x and y are the same or different and are integers from 1 to 6, R*and R® are
independently aliphatic hydrocarbyl moieties having 4 to 24 carbon atoms and R®and R are

independently hydrogen, an aliphatic hydrocarbyl moiety having 1 to 10 carbon atoms or
O

(CHy), 0C—- R®
wherein z is an integer from 0 to 6 and R® is an aliphatic hydrocarbyl moiety having 4 to 24
carbon atoms, wherein the composition has a phosphorous content not exceeding 0.08 wt. %

and a sulfur content not exceeding 0.2 wt. %, based on the total weight of the composition.
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ashl ers dispersants, friction nodifiers, extreme pressure agents,
viscosity index inprovers and pour point depressants such that the
phosphorous content of the lubricating oil conposition is no greater than
0.08 wt. % and the sulfur content of the lubricating oil conposition is
no greater than 0.2 w. % based on the total weight of the conposition.
23. A nmethod of operating an internal conbustion engi ne conprising
operating the internal conbustion engine with a |ubricating oi
conposition conprising (a) a major anount of a base oil of lubricating

vi scosity and (b) 0 05 to 10 wvt. % based on the total weight of the

conposition, ct. of | eas fi.rst ol ol ester of
the general 4% %fl%gjlg’gl—géjahere@ ba@m&ﬁ gﬁaﬂgg( ? 101 cH al
- R3 wha&%hﬂmgaofgiﬁuﬁﬁgbﬁﬁ(ﬁ[e i ndependently aliphatic hydrocar byl

noi eti es having 4 to about 75 carbon atons; and at | east one second

pol yol ester of the general formula: O IGCR4 O (CH),,
25. The method of Claim 23, wherein the base oil of lubricating viscosity is

comprised of a polyalphaolefin base oil.

26. The method of any one of Claims 23 to 25, wherein R!, R? and R® of the first
polyol ester are independently selected from an aliphatic hydrocarbyl moiety having 4 to 24
carbon atoms, wherein at least one of R', R? and R’ is a saturated aliphatic hydrocarbyl
moiety having 4 to 10 carbon atoms, and wherein at least one of R, R? and R’ is an aliphatic

hydrocarbyl moiety having from 11 to 24 carbon atoms.

27. The method of Claim 26, wherein the aliphatic hydrocarbyl moiety having from
11 to 24 carbon atoms is derived from a fatty acid selected from the group consisting of oleic

acid, eicosenoic acid and erucic acid.

28. The method of any one of Claims 23 to 25, wherein the first polyol ester is canola
oil and the second polyol ester is a trimethyloipropane (TMP) ester selected from the group
consisting of TMP tri(2-ethy] hexanoate), TMP triheptanoate (TMPTH), TMP tricaprylate,
TMP tricaprate, TMP tri(isononanoate) and TMP trioleate.
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(11) R i - (CH)r 01l OC R5 R6 wherein x and y are the same or
different and are integers froml to 6, R and R5 are independently

al i phatic hydrocarbyl noieties having 4 to 24 carbon atons and R6 and R7
are independently hydrogen, an aliphatic hydrocarbyl noiety having 1 to
10 carbon atons or O!'l! (CH2)~ - OC R8 wherein z is an integer fromO
to 6 and R8 is an aliphatic hydrocarbyl noiety having 4 to 24 carbon
atons, wherein the conposition has a phosphorous content not exceedi ng
0.08 wt. % and a sulfur content not exceeding 0.2 w. % based on the
total weight of the conposition. 52 24. The nmethod of C aim 23, wherein

t he base oil bricati Vi SCQSi,t.y i rised of a mnperal base oil
25. The net hogg‘owedngt‘i Fﬁgﬁgg“ rogi%lﬂa%ﬁggB%Qg%erel%?oq‘%‘ﬂl%yf’%evi scosity
i s conpritsretind oiPcodoyition et i Aasuat 4£0.2H 8 Whe, natdmas @l wany one of
Clainms 23 to 25, wherein Rl, R2 and R3 of the first polyol ester are

i ndepend &gy O5WF 6eBPIMMom an al i phatic hydrocarbyl moiety having 4 to 24
carbon atons, wherein at |east one of R, RZ and R3 is a saturated

al i phati c hydrocarbyl noiety having 4 to 10 carbon atons, and wherein at

| east one of RO, TR2mathdd RBanysorrpidllaiph 2Bite 28, wherein component (b) of the

lubricating oil composition is present in an amount of 0.2 to 5 wt. %, based on the total

welght of the composition.

31. The method of any one of Claims 23 to 30, wherein the lubricating oil
composition has an SAE Viscosity Grade of OW, 0W-20, 0W-30, 0W-40, OW-50, 0W-60,
5W, SW-20, SW-30, 5W-40, SW-50, 5W-60, 10W, 10W-20, 10W-30, 10W-40, 10W-50,
15W, 15W-20, 15W-30 or 15W-40.
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hydrocar byl noiety having from 11 to 24 carbon atons. 27. The nethod of
Cl ai m 26, wherein the aliphatic hydrocarbyl noiety having from 11 to 24
carbon atons is derived froma fatty acid selected fromthe group
consisting of oleic acid, eicosenoic acid and erucic acid. 28. The net hod
of any one of Clainms 23 to 25, wherein the first polyol ester is canola
oil and the second polyol ester is a trimnethylol propane (TMP) ester
selected fromthe group consisting of TMP tri(2-ethyl hexanoate), TM
triheptanoate (TMPTH), TMP tricaprylate, TMP tricaprate, TMP
tri(isononanoate) and TMP trioleate. 53 29. The nethod of any one of
Clains 23 to 28, wherein conmponent (b) of the lubricating oil conposition
is present i mRMammthéd 6ffand ohe bDCRIn 23 3 1bastedinahe Idbeicitbloalil wei ght of
the conposition. 30. The nethod of any one of Caims 23 to 28, wherein
conponentCRAFitigp hphephqsphirpRsoniegt 8ot exesAIE G5 Wi 4 SassA 08 db totah waighhmount
of 0.2 tgrde¥Wmpddtidpased on the total weight of the conposition. 31. The
nmet hod of any one of Clainms 23 to 30, wherein the lubricating oil
conposition has an SAE Viscosity Grade of OW OWM20, OWM30, OWN40, OW50,

oM 60, 5W 5W ) 40. 5 anl Ny 20. 1.0M 30, | OV 40,
| OW 50, 15vv”1§@?f’ ﬁ%wsﬁ%y%%e ST 2343 535 Mehsin O iicatiny'o ny one of
A ai ms 23omhmsibn finkies edmpiidee af ledst beaiddigvetielected GIOROSE iodp chBbstidg of
phosphor ous. . coptent no exg,eedi n % 05 w . f% based on the total wejght
metallic detergents, ashless dispersan's, iriction modifiers, exireme pressure agents, viscosity
index improvers and pour point depressants such that the phosphorous content of the
lubricating oil composition is no greater than 0.08 wt. % and the sulfur content of the

lubricating oil composition is no greater than 0.2 wt. %, based on the total weight of the

composition.
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of the conmposition 33. The nethod of anyone of Clainms 23 to 32, wherein
the lubricating oil conposition further conprises at |east one additive
selected fromthe group consisting of netallic detergents, ashless

di spersants, friction nodifiers, extrene pressure agents, viscosity index
i nprovers and pour point depressants such that the phosphorous content of
the lubricating oil conposition is no greater than 0.08 wt. % and the
sul fur content of the |lubricating oil conposition is no greater than 0.2
wt. % based on the total weight of the conposition. 55 ABSTRACT ENG NE
OL COWPCSI TIONS A lubricating oil ¢ mP ifion conprising (a) a mjor '
anount of a base oil of Iubricati#§%§* ity and (b) a m nor

- deposit-inhibiting effective amount of a reaction product prepared by

transesterifying at |east one glycerol ester and at |east one
non- gl ycerol polyol ester iE OdL COMPIEETYQNS t s° use are al so
provi ded. .

A lubricating oil composition comprising {a) a major amount of a base oil of
5  lubricating viscosity and (b) a minor deposit-inhibiting effective amount of a
reaction product prepared by transesterifying at least one glycerol ester and at least

one non-glycerol polyol ester is provided. Methods for its use are also provided.
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