LOW SULFUR, LOW ASH AND LOW PHOSPHORQOUS LUBRI CANT

ADDI TI VE AND COVPCSI TI ON BACKGROUND OF THE | NVENTI ON
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to lubricating oil conpositions suitable for use in

i nternal conbustion engines. Mre particularly, this

invention relates to a | ow ash, sul fur, and

phosphorous | nbricating oil conposition. Background

[ 0002] Many neans have been enployed to reduce overal

wear and friction as well as te lcontrol _

oxi dation/cleanliness in nodern engines, particularly

aut onobi | e engi nes. The prinmary reasons incl ude
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addi ng special coating materials. Other solutions to
i nprove cl eanliness involve the use of netal
dontdofihednyentiogent s. Recently, considerable work has
al so been done with lubricating oils to enhance their
anti-wear/anti-oxidation properties by nndifyingtthem
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Background

[0002] Many means have Been emi)loyed to reduce overall wear and friction as
well as to control oxidation/cleanliness in modern engines, particularly
automobile engines. The primary reasons include prolonging engine life by
reducing engine wear and increasing the resistance to oxidation. by reducing the
engine's sludge/deposit through degradation. Many of the solutions to reducing
wear have been strictly mechanical including building engines with wear
resistant parts, modifying the contact geometry and adding special coating
materials. Other solutions to improve cleanliness involve the use of metal
containing detergents. Recently, considerable work has also been done with
lubricating oils to enhance their anti-wear/anti-oxidation properties by modifying

them with ashless antioxidants and anti-wear components. -

[0003] Contemporary lubricants such as engine oils use mixtures of additive
components. Examples of additives components include, anti-wear and extreme
pressure components, fuel economy improving components, friction reducers,

dispersants, detergents, inhibitors and viscosity index improving additive. These



pressure conponents, fuel economy inproving
conponents, friction reducers, dispersants, .
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addi tive. Theseadditives provide energy conservati on,
engi ne cl eanliness and durability and high perfornmance
| evel s under a wi de range of performance conditions
i ncluding tenperature, pressure and |ubricant service
life. [0004] Throughout the world, |egislation ained
at reducing autonotive em ssion®. s pushing down the
| evel of sulfur in fuels. Recently, lubricants are
com ng under scrutiny as a source of air pollution and
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provides favorable performance properties.-

[0005] Conventional engine oil technology relies heavily on zinc
dithiophosphate (“ZnDTP” or “ZDDP”). ZnDTP is a versatile, anti-wear/anti-
oxidant component that provides extremely low cam and lifter wear and
favorable oxidation protection under severe conditions. ZnDTP s
disadvantageous, especially-at high treat rates. The major problem with ZnDTP
is the poisoning effects to after-treatment devices that may aggravate emission
problems. In addition, ZnDTP has strong interactions with dispersants,
detergents, other anti-wear components and MoDTC causing antagonistic effects
on friction, sludge and deposit, if inappropriate concentrations are utilized.
Replacing ZnDTP additives is not a simple endeavor since the wear protection

demand for today's engine is extremely high and extremely rigorous chemical
limits on ZnDTP.
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composition having less than 630 PPM phosphorus, less than 710 PPM zinc, less
than 5,000 PPM sulfur, less than 8 TBN, less than 1.0 weight percent ash.

[0008] In a second embodiment, an additive composition for lubricating oils is
disclosed. This composition comprises an alkylated aromatic additive of less
than 20 weight percent of the composition, a dispersant—detergent-inhibitor
system of less than 15 percent weight percent of the composition, a zinc
dithiophosphate additive of at least 0.1 weight percent of the composition and no

more than 1.0 weight percent of the composition.

[0009] In a third embodiment, a method of obtain a favorable lubricating
properties is disclosed. This method, comprises obtaining a composition
comprising a lubricating oil basestock, an alkylated aromatic additive of at least
0.01 and less than 20 weight percent of the composition, a dispersant—detergent-
inhibitor system of less than 15 percent weight percent of the composition, zinc
dithiophosphate additive of at least 0.1 weight percent of the composition and no

more than 1.0 weight percent of the composition, wherein the composition has



nore than 1.0 wei ght percent of the conposition.
[0009] In a third enbodi nent, a nethod of obtain a
woavarroabioe | ubricating properties is di scl osedPCThIS2007/000915
nmet hod, conprises obtaining a conposition conprising a
| ubricating oil basestock, an al kylated aromatic
additive of at least 0.01 and | ess than 20 wei ght
percent of the conposition, a
di spersant - det ergenti nhi bitor systemof |ess than 15
percent wei ght percent of the cguaposition, zinc
di t hi ophosphate additive of at |[east 0.1 weight
percent of the conposition and no nore than 1.0 wei ght
C 0 e 1o tpravic O%dds|
6T EED G0, TP GARRRCHLS TesHEnCy 10 FIVCERR) Fisg thin 5,000 PPM
Zulfor, le8s sham & TBNORsPRhAs U.0 wweight percdndras &ABNS lubricating an
l ess than 1.0 weight, and . a Iubricatin%

S per cent asth an ...
enginrewih thergpnpesitienite aghicvs Tavarable aptvwpalproperties, oxidation

ant.i - L. Rr .1 es, oxidation resistance and
cFF%éW;‘A‘?%é‘Eg. &%%E‘hg%ESCRI PTI ON OF THE DRAW NG [ 0010]
Figure 1 illustrates the viscosity increase profiles
for a Goup V base stock with different additive
BREEF RESCRIBEIQN O THERRAWINGF THE | NVENTI ON
[0011] This invention relates to engine |ubricants
formul ated with functional fluids and/or additives and
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[0011] This invention relates to engine lubricants formulated with functional

fluids and/or additives and corﬁpositions. One embodiment is a low ash, sulfur,
phosphorus engine lubricant compositions comprising oils of lubricant viscosity
containing a minor amount of multi-functional anti-wear/anti-oxidation additive.
The anti-wear/anti-oxidation additive may be a functional fluid of certain sulfur-

containing alkylated aromatics or mixtures of sulfur and non-sulfur alkylated

aromatics.

[0012] In a second embodiment; the lubricating oils maintain low frictional
properties of film under various operating conditions. This embodiment
favorably maintains sufficiently high film thickness at high operating '
temperatures to provide a minimum lubricant film to protect against wear at a

variety of temperatures.

[0013] In a third embodiment, the: lubricating oil maintains cleanliness over

the entire range of operating conditions while reducing wear to an absolute



aromatics. [0012] In a second enbodi nent, the _
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t hi ckness at hi gh operating tenperatures to provide a
m nimum [ubricant filmto protect against wear at a
variety of tenperatures. [0013] In a third enbodi nent,
the lubricating oil maintains cleanliness over the
entire range of operating conditjons while reducing
wear to an absolutem nimum In a fourth enbodi nent,
the lubricating oil provides favorabl e oxidation and
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phosphorus and/or ash content as they form strong chemical films to the metal

surfaces.

[0015] Dipheny! sulfide, diphenyl oxide, biphenyl, diphenylmethane, and many
other related analogs are utilized as heat transfer fluids since they are stable
materials that can resist thermal stress under severe conditions. However, the
direct use of the non-alkylated aromatics in lubricants are relatively limited to

low concentrations due to the limited compatibility with other hydrocarbon base

stocks.

[0016] Alkylated aromatics, especially sulfur containing alkylated aromatics _
have been developed by applying alkylation technique to functional or non-
functional aromatics providing good thermal-oxidative stability while
maintaining good compatibility. These alkylated aromatics have excellent
compatibility with other base oils and superb solvency and stability making them

unique synthetic oils including Group V or functional fluids. U.S. Patent Nos.



[0015] Di phenyl sulfide, diphenyl oxide, biphenyl,
di phenyl net hane, and many ot her rel ated anal ogs are
wadd7iosen7as heat transfer fluids since they apPeTAISa@I©00915
materials that can resist thermal stress under severe
condi tions. However, the direct use of the
non-al kyl ated aromatics in lubricants are relatively
limted to | ow concentrations due to the limted
conpatibility with other hydrocarbon base stocks.
[0016] Al kyl ated aronmatics, espgeially sulfur
containing al kyl ated aromati cs have been devel oped by
appl ying al kyl ation technique to functional or non

ahn @011 D8S dikONokElithE 300ekst bEHdIEb Mfdﬁtak Ikylated
sfggst?‘??yr\l/\hl e mai ntai ni ng goéﬁ@coS |b|||nt s Lo

abblyﬂlalcmtsarUSaﬂ’iaMtH‘dosa BXC2[7Bénb, ’é1,| %ﬁﬁ}llt%fl&mam 5,286,396

oth oi | s and superb 9 an bili,t
355 e RRSPAURITy DA TeiF s HOREPUUPRA LS oA ofubricants,
g\@g%ﬂeg ﬁilp(l}@:h&' Stter thibricdis, elkyMesd 5eﬁ%ﬁE$%deﬁ%d lubricants and
8 |sc ose the process condltlons of maki ng
alkyplhizdgshemaxhtling émekibrid@ntsPat ent Nos. 5, 372, 734,
5,552,071, 5,371,248, and 5, 286, 396 di scl ose the
preparation of al kyl ated benzot hi ophene-deri ved

elpéi?]at egé bper?éll;#tah?é} dirpherdensid ebolvebfaikafy disclose the use of

ur an erl ved lubricants and al kyl at ed
rallleydaoeait drionsatfasrinl aibow SR snvirootignt With pighoquality base stocks. In

l(jl:dt ;;q?r;rr v ra?lggg%tfag@aq%g\ézsci%{;) %,gp(tl%dl Sﬂﬁgﬁgﬁ%\!&e l‘?Wltl-Odeatlon
fﬂrgﬁergfté@d tt:lyu s ﬁfg% erbl ae?ﬂ%&s%aﬁré‘éﬂwﬁﬁéw makKel the alkylated

vor ab
aﬁbl‘namﬁlfﬁﬁdiﬁd)nai)ﬂlddk isaitaiplecjoe loweashaant] ime pdespbdrus engine oils.

Ishier o CORCOrBRTHF (Pt BF STt JeRPS Of GV BIPAS g ganging from
| Q¥hE RS BNAb YR uR L AfcbleS: However, mono-alkylates are more desirable
than others. The desired carbon to sulfur and oxygen ratio is in a range from
10:1 to 400:1 on atomic basis with a more preferred range of 20:1 to 200:1 and

an even more preferred range of 25:1 to 100:1.

[0018] In one embodiment, lubricating oils, especially synthetic oils, when
blended with low level of zinc dithiophosphates and/or optionally molybdenum
friction modifiers can prbvide substantial reductions in wear and oxidation.
These combinations provide improvements in engine service life and durability
with excellent overall performance benefits. In addition, these combinations
typically minimize deleterious effects such as instability, undesirable high
viscosity, high friction, deposits and the like, when added to lubricating oils.
Combinations of alkylated aromatics with low level of sulfur-free detergents
such as, salicylates, ashless phenols and arylamines, and boron containing

additives, and any combination thereof further provide synergies.



In different enbodi ments the preferred degree of
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desirabl e than others. The desired carbon to sul fur
and oxygen ratio is in a range from10:1 to 400:1 on
atomc basis with a nore preferred range of 20:1 to
200:1 and an even nore preferred range of 25:1 to
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and an even more preferred range of 0.1 to 1 wt%. The treat for an additive is

based on the weight percent of the active ingredient in the desired lubricant.

[0020] In a preferred embodiment, this invention is referred to as a low ash,
sulfur and phosphorus engine oil formulated with extremely stable, sulfur
functional fluids. However, this invention is not limited to sulfur functional
fluids. Other suitable functional fluids include alkylated diphenyl sulfides,
alkylated diphenyl disulfides/polysulfides, alkylated naphthalenes, alkylated
benzenes, alkylated diphenyl ether, alkylated diphenylmethanes, alkylated
phenothiazines, alkylated phenoxazines, alkylated benzothiazines, alkylated
benzothiophenes, alkylated thiophenol, alkylated thianthrene, similar and related

components, and any combinations thereof.

[0021] Preferably, the highly stable engine oil fluids has a very low viscosity of
less than 20 ¢St at 400°C, with fully saturated structures with an Iodine value

less than 1, low volatility of less than 15 wt% loss in Noack and even more
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range of 0.1 to 20 wt% preferably 0.5 to 8 wt% Wen
used as lubricant additives, the typical treat,
sonetines referred to as treat rate, is in the range
of 0.01 to 4 w%wth a nore pr@gf-erred range of 0.02
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OpdrforghiiacR feifliredGEto N modern engines. Examples of su1table additives
include but are not limited to contemporary zinc dithiophosphates, borated or
non-borated dispersants, phenolic and aminic ashless anti-oxidants, high and low
levels of metal detergents, molybdenum or organic friction modifiers,
defoamants, seal swell additives, pour point depressants including contemporary

DDI additive packages, and any combination thereof.

[0023] In some embodiments, we have discovered that these new synergistic
combination has favorably improved lubricant performance parameters while
maintaining excellent compatibility to exhaust after-treatment devices. The core
of the preferred embodiment comprises stable sulfur containing functional fluid
and a significantly reduced amount of ZnDTP and metal detergents, and
enhanced amount of ashless anti-oxidants and friction modifiers. The resulting
formulation provides an engine oil lubricant with less than 630 PPM phosphorus,
less than 710 PPM zinc, less than 5,000 PPM sulfur, less than 8 TBN, less than
1.0 wt% ash and high nitrogen/zinc or nitrogen/phosphorus ratios. In one
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[0024] These compohents can be used with a variety of base stocks, including
group I, II, III, IV, and V, and GTL as well as a variety of mixtures thereof.
However, due to other performance requirements including volatility, stability,
viscometrics, and cleanliness feature, premium engine oils prefer to use group II
and higher (“Group II+) base oils to ensure that they can achieve desirable
overall performance levels as well as maximizing the full potential of the unique
synergies among additives. Additional significant synergies were identified
among alkylated aromatics and Group II+ high performance base stocks

including Group IL, 111, IV, V, VI or GTL base stocks.
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[0027] Suitable dispersants include borated and non-borated succinimides,
succinic acid-esters and amides, alkylphenol-polyamine coupled Mannich
adducts, other related components and any combination thereof. In some
embodiment, it can often be advantageous to use mixtures of such above
described dispersants and other related dispersants. Examples include additives
that are borated, those that are primarily of higher molecular weight, those that
consist of primarily mono-succinimide, bis-succinimide, or mixtures of above,
those made with different amines, those that are end-capped, dispersants wherein
the back-bone is derived from polymerization of branched olefins such as
polyisobutylene or from polymers such as other polyolefins other than
polyisobutylene, such as ethylene, propylene, butene, similar dispersants and any

combination thereof.



about 30% bei ng preferable, and nore than about 80% on
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[0030] ZnDTP is widely utilized for providing anti-wear protection to modern
engine oils with few other components sharing similar functions. As the levels
of ZnDTP are reduced, the wear protection must rely on a new anti-wear system.
Preferably, that new anti-wear system will be low in ash, sulfur and substantially
free of phosphorus components to provide favorable performance with the new
exhaust systems. Typically, the sulfur-containing alkylated aromatics possess
moderate level of highly stable, less volatile sulfur, that is different from the
volatile sulfur liberated from zinc dithiophosphates. Therefore, these sulfur-
containing alkylated aromatics are harmless to exhaust after-treatment devices

but effective in protecting engine parts against wear mechanism.

[0031] In one embodiment, the principle advantage of this new invention is the

synergistic combination of multi-functional, alkylated sulfur aromatics and small
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improve fuel economy.

Examples

[0032] Table 2 below discloses bench and tribology testing data for alkylated
diphenyl sulfide (experimental sample “ADPS-1") in Passenger Vehicle Engine
Oils.
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this new invention is the synergistic conbinati on of
woubdviosidenct i onal , al kyl ated sul fur aromatics aaW/US2007/000915
smal | anount of zinc dithi ophosphate additives that
favorably provides oxidation, corrosion, sea
stability and frictional properties. Even nore
inmportant is the ability to provide anti-wear
protection with |ower |evels of sulfur, phosphorus and
zinc in the engine oil formul attPons are significantly
| ess than that typically used in today's .engine oils.
Anot her principle advantage of this invention is the
uni que conbi nation of al kyl af&dedul fur aromatics with
bhaoran-containing additiyve Q nerh cleanlines
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detergents including cal cium aj@nix@Bnes$i um sal i cyZaD&¥®
and0665 BOIBPEBEO An dddi tional $99%r ghs{9%c5%onbiondos.on 01-
is an al kyl ated sul fur aromati ¢sogas5t h sdislesss 60665
LS 10 T mpr OVE OXi dade.op pPr ofses | on andp.os
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matics with friction (Fg cer sc?% iynproyg&B
cm—Exanplles 003 Jable—2-belowdi-scHoses—
) (REY daf® 44 or al%gvat ed [042
Kdiacteent al |5ahpl e {labbs- 1) |78
gine Qls Table 2 10033] The lbase
ornul ation (01-60645) is a phgsphorus{free, partlially
4 Ball EP (D2783) LNS (Kg) 80 80 100
30C/10sec./1760rpm Weld Ld (Kg) {200 200 200
LWI 35.1 34.5 41.7
Cu Corrosion (D130-9) 24 hrs/250F 1A 1A 1A
PDSC (Ramp 10C/min) Onset T(C) 232 229.7 235.1
288° C, 16hrs-
Tube Rating (1 = Clean) 3.8 3.5 3.3
HFRR g ‘
0.7Kg/60Hz/0.5mm/ Scar X/Y[O.317/0.7 0.3/0.767 0.26/0.70
(mm)
60min./75C Calc. Sc. Area |0.174 0.181 0.147
D2896 TBN 4.27 4,23 -
D874 (wt%) Sulfated Ash [0.53 0.38 0.35
D6443 (wt%) Phosphorus ~ [0.1003 0.0507 0.0497
D6443 (wit%) Zinc 0.1118 0.0577 0.0572
D6443 (wt%) Calcium 0.0329 0.0332 0.0317
D6443 (wt%) Magnesium 0.0595 0.0496 0.0482
D6443 (wt%) Copper <0.002 <0.002 <0.002
D6443 (wt%) Chlorine 0.0047 0.0049 0.0048
D6443 (wt%) Sulfur 0.2799 0.1783 0.4761

[0033] The base formulation (01-60665) is a phosphorus-free, partially

formulated engine oil with Group III base stocks, ashless antioxidants, ashless
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ashl ess antioxi dants, ashl essdi spersants, netal
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perform ng conponents. [0034] As illustrated in the
above Table 2, very good anti-wear, anti-oxidation and
corrosion control can be achieved with sul fur-derived
al kyl ated aromatics in the | ow P passenger vehicle
| ubricants ("PVL"). As shown in the Hi gh Frequency
Reci procating Rig ("HFRR") andfour-Bal | EP wear test,
the functional fluids fornulated | ow SAPS engine oils
can help to inprove anti-wear properties evidenced by
dispelrsawsv\emeth adetargeads, asi¢formantsp eV iscesignt snqdifters “and other
Fa&tori‘rg neasured. [0035] In addition, there are

BT FUMBEREY St s of | ow SAP additives with Group
Il and hi gher base stocks.. The synergistic benefits

[00343deAd avatalitd i lieaabove Table@ averyr gped bhtiswear, anti-oxidation
catalyst conpatibility and oxidation. [0036] Conparing |
ad eptrantonesentptlecan by achigy e withosulipirdgrivesd abinilatedpromatics in

ubrica exanpl e 2 aqgdi 0« ospho . .
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PhePMOmeas@ed! ubri cant exanple 2, a significant 19%
reduction of wear scar areas and an observed 52%°

reduction in wear coefficients was neasured. [0037]
[0fas] 2 nCadaitiRf! thére' & LYRLLAMY bEXAAR! 8r Fod" §APY Blditives with
Group II and higher base stocks. The synergistic benefits include favorable

cleanliness, wear properties, catalyst compatibility and oxidation.

[0036] Comparing lubricant example 1 by adding 1000 ppm phosphorus and
lubricant example 2 by addiilg 500 ppm phosphorus, noticeable anti-wear
performance differences can be seen, which are believed to be directly affected
by ZnDTP concentrations. Typically, the more ZnDTP, the better anti-wear
protection. However, when 4% alkylated diphenyl sulfide was added to make
lubricant example 3, which has the same level of 500 ppm phosphorus as
lubricant example 2, a significant 19% reduction of wear scar areas and an

observed 52% reduction in wear coefficients was measured.

{0037] The Table 2 results for lubricant example 3 are even better when
compared to lubricant example 1. In the presence of more ZnDTP, for example
1000 ppm P in lubricant example 1 versus 500 ppm P in lubricant example 2, a

reduction of calculated scar area from 0.18 mm? to 0.174 mm® is expected.
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reduction of cal culated scar area from0.18 M2 to

0.174 2 i s expected. However, a significant reduction

to 0.147 mmrange for lubricant exanple 3 is an

unexpected result. [0038] In the Four-Ball EP test,

| ubri cant exanple 3 al so dennnstrated superb | oad

carrying property as evidenced 1By the higher |ast

non-sei zure | oad of 100 kg and a greater Load War

I ndex of 41.7 when conpared to Iubrgcant exanples 1

Hosv@zer,Thsignificanterestuctipn tbdhiid Twam” rangs for brhricant example 3 is

| ubri cant les 2 to |ubricant exanples 3 is al nost
919 Gnexpest ﬁ& I‘{ﬂ%rrperat ure stability of |ubricant

l qn eSFUroBaft :]?P’V?esg%gﬂ?&aﬁf esamiped3dilsd %ﬁ{ﬂdsﬁlated superb

can |ng orlrnet data on ranping
(ebedrtyiggl propextnas em«hm:ledéyﬁhbdnghen last nm-stelzure load of 100 kg
tenperature is, ¢ |se o] 7C to 235.
ped gogtentar bogst e o5 Hd plien, SpnaFesh T Jyhriggmt examples 1

483 W NBnd hﬁx{p%bé’x‘%hp'i‘n adeRt WSHDE R %Sﬁ%aﬂtoe%nples 2 to

Incréase In tenperature, Therefore, |ubricant exanple
Bubsricsnd emamplee3 5¢ almbst 2 E¥6. oXhel hugh) tempeiaurarstabiliyof lubricant

| ub f
SsPapiaPuds Pl SeuE BY %ﬁyﬁfhﬁ%ﬁ%‘ﬁﬁfrr@%ﬁéﬂ% SERaptgabptormetry
Pe‘??ur e;tdé?f ohtim lﬁﬁaﬁg AL Rbrid R halilSs 2 to 3, the

engi n N t ehper at ur e
onkétalehperatunelid fadsesd fram EXQﬂBCttecQSSﬂ"Kélnbspezmvely providing 54%

| ubricant exanple 3 has sli better o
b@ggr OXidRSIPNOATHTQly BFTUERINE fglfawéfi%‘éoa Pt UL Rifh every 10 °C
t he
0 e, AR Gl it 5
et bkwﬁ)na‘ésistdﬂcbahm Lebricaplt € if inaquarntefyvibesiontrol by viscosity

or acid value increases or any other measurements.

[0039] The hot tube test is also used to assess cleanliness features of engine oils
under high temperature oxidation conditions. As exhibited in Table 2, lubricant
example 3 has slightly better cleanliness result than both lubricant examples 1
and 2 as the lower the rating, the better the cleanliness. This data illustrates that
more ZnDTP reduces lubricant: cleanliness as lubricant example 1 has the worst
result as ZnDTP is known to decompose to various species at elevated
temperatures. The copper corrosion results indicated that adding ADPS to the
engine oil formulations causes no adverse impact to their copper corrosivity.
Adding ADPS will certainly increase the sulfur content of the engine oil.
However, the final sulfur level of 0.476 wt% for lubricant example 3 is still
under the current ILSAC GF-4 standard of 0.5 wit%. In conclusion,
exceptionally good oxidative stability and low wear in low phosphorous engine
oils can be achieved by using alkylated sulfur aromatics such as, ADPS thus

providing favorable performance properties suitable for modern engine oils.
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species at elevated tenperatures. The copper corrosion
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fornul ati ons causes no adverse inpact to their copper

corrosivity. Adding ADPS will certainly increase the

sul fur content of the engine oil. However, the final
sul fur level of 0.476 wt% for |ubricant exanple 3 is
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wt % In conclusion, exceptional ?y good oxi dative
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content than the ADPS used in |ubricant exanple 6 of
table 3. Sone sul furcontaining additives, including
woabopisatorc sul fur species, could provide equi vairaisto07/000915

favorabl e anti wear/extrene pressure performance as
al kyl ated sul fur aromatics providing that they are
thermal |y stabl e and non-corrosive.

are not suffi
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However,
sul fur-containing aliphatic sulfur additives,
t hensel ves al one,
anti-wear protection while mar A

many

used by
ient to provide
aining satisfactory

anticorrosion properties as denonstrated in exanple 4

and 5 of table 3. Lubricant exa
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forml tol 9 the diftier thd lubricgnt |ubticabh 411
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chgaplel ness than oi fsommiB Hi gber14l ¢02i3d205 | PREIEB35 | 02-35333
iNGhbed ngl | ubricant |exanpleqd 1 and 3. As shpwn in
SQBhRicy Tor _Tubricant E€%ampl e(;o’&igh’ﬁ ok $ulggBol] C&B
A aﬁé%é cont ai ni ng|formul atfion is Khel ow the | LSAC
-4 requj renents. l0043] Flgure 1 ijllustrafes the
VI SLUST LY IT'TIiLT €45€ Pl UIFI [SIN) IUF?T GIOuUp vV Dast
4 Ball EP LNS (Kg) 80 80 63 63 80
(D2783)
30C/10sec./17 |Weld Ld (Kg) 200 200 200 200 250
60rpm
LWI 35.1 34.47 28.21 28.41 36.16
Cu Corrosion 3hrs/ 1A 1B 1A 1B 1B
(D130-8) 210F/H20
Cu Corrosion | 24 hrs/250F 1A 1A 2A 2B 2A
(D130-9)
288° C, 16hrs .
Tube Rating 3.8 3.5 2.8 2.8
(1 =Clean)
D2896 TBN 4.27 4.23 5.45 4.11 5.59
D874 (wi%) | Sulfated Ash 0.53 0.38 0.33 0.33 0.32
D6443 (wi%) | Phosphorus | 0.1003 0.0507 | 0.0244 0.0245 0.0246
D6443 (wi%) Zinc 0.1118 0.0577 | 0.0287 0.0278 0.028
D6443 (wit%) |  Calcium 0.0329 0.0332 | 0.0331 0.0331 0.0325
D6443 (wi%) | Magnesium | 0.0595 0.0496 | 0.0505 0.0501 0.0514
D6443 (wi%) Copper <0.002 <0.002 | <0.002 <0.002 <0.002
D6443 (wt%) | Chlorine 0.0047 0.0049 | 0.0048 0.005 0.0049
D6443 (wt%) Sulfur 0.2799 0.1783 0.124 0.1463 0.2988




stock with different additive enbodi nents. Reference

nunmerals 11 and 12 represent viscosity increase
wonoedisem7f or two runs for 7 w % al kyl at ed napkCnasaioe®00915

additives. Reference nuneral 13 represents viscosity

increase profiles for 7 wt% of TMP ester and 14

represents a viscosity increase profile for 7% di basic

acid ester (adipate ester). Finally, the reference

nuneral s 15 and 16represent viscosity increase

profiles for 7 wt%and 1 wt % ABBS additive

respectively. [0044] Figure 1 denonstrates that

al kyl ated sul fur aromatics 15 and 16 can provide )
{00A41] a R 6-JEr Y isearcaliphatimsulfasadditivei whickohag ewen diigher sulfur

ver sus oth g V synthetic fluidsjnt esen

onEt s e, ADBS vsery Bt tricant heTplels Bl 35 SBme sutfur-
- . Y f-' - 1 . i . .

e
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KhBGARbA iiﬁlééo HaticAburb0 Gd@ftiveie nsed aly #ednitbed Slone, are not

noni tore a function of tinme. Wen the antioxidants
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aryl am ne ashl ess anti-oxi dants. Tn thé presence of
nofeseinee iloahnat thDPGad-wdanéndéx impdustd tmbe¢ iequivadent to or better

been increased by 70-80 hours in E test. Even, .
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to lubricant example 1. Lubricant example 6 shows a synergistic benefits of

using an ADPS aliphatic sulfur compound with group II and higher base stock.

[0042] These results are excebtional favorable in the presence of additive treat
level of ADPS. As stated before, the hot-tube test is used to measure the relative
cleanliness of engine oils with the higher the rating on the scale form 1 to 9, the
dirtier the lubricant. Lubricant example 6, ADPS formulated oil, demonstrated
better cleanlin|ess than oils with higher levels of ZnDTP including lubricant
examples 1 and 2. As shown in table 3 for lubricant example 5, the total sulfur

of the ADPS containing formulation is below the ILSAC GF-4 requirements.

[0043] Figure 1 illustrates the viscosity increase profiles for a Group V base
stock with different additive embodiments. Reference numerals 11 and 12
represent viscosity increaée profiles for two runs for 7 wt% alkylated
naphthanates additives. Reference numeral 13 represents viscosity increase
profiles for 7 wt% of TMP ester and 14 represents a viscosity increase profile for

7% dibasic acid ester (adipate ester). Finally, the reference numerals 15 and 16



illustrates the strong synergy of ADPS with an ashl ess

anti -oxidant. [0045] Another inportant performance
woOeadnoseoof the current invention is aftertreaPOBMIS2007/000915

conpatibility. To neasure after-treatnent

conpatibility, a series of engine oil sanples were

prepared where each sanple contained a single sulfur

cont ai ni ng species as shown in Table 4. Thus, the

fully formul ated engine oils studied contained only

the single source of sulfur |i7dted in Table 4 .

Secondary ZDDP, Primary ZDDP, Thi adi azol e,

Sul fur - phenol, sul furized ol efin, and ADPS were .

s¢prdsard. vishesidy fincrease opnefiles dar ehgvite and sl cwieaAPPS additive

t%%ical non-sul fur containing performance additives

ERPRCU¥ER: ndered phenol's, al kyl ated aryl ani nes,

ashl ess di spersants, netal and ashl ess detergents,

friction nodifiers, defoamants, corrosion inhibitors,

foptr Figosi Madomenspoeies et ndkyetmdesulfir arematisedl> and 16 can

phovide atnerdblerBeuatn s ovenbets du i Aol 85nEE) otrsus other
gg%ﬁiaivi &hfthatic 28006 P thd Sprdkemice DfUshIMl RRRP Gndskless anti-

rison of the percent sulfur |ost between the new
oxidantsl Thés petforreanéebenefit wasehewa usfing e ExxonMobil Research

043 LOSHhet 2l CRRPAR L B RRECOTORIRS0 B9 of sotuble
?ﬂohhisom&wﬁ?h%rgr\rfrgf st aaddat The- BifdeRIhSAeQ%t 165°C while air is
respectively. Co rcial sul fur-containing

bobbledi throtigh whe atanald att a Gatevef tiki/hoimz dhe kineiatB9gviscosity at

Lybdenum di t hi ocar hamate at 12. 7% d sul fugized
JBLE T abe Erolya2d” o8 Brmopkesedxfs i dgetion Of WS, When the
SRlORRGHALN A Ithy HQW Yl %B#‘\k\hﬂ%d,ata gi;%%%i%ém' fct@s® in. viscosity is
provi des strong evidence tor the favorable | ow
ebsavedn Tier basenengiae béhfdrirulation hian gbADPE50 ppemghosphorus from

FeiscdipRDiEnand & 1o Ish AP TR gt bebpl Frd alliaiedarylamine
gbhieSs hAGUNTBMts.  In the presence of 7 wt% experimental ADPS-1, the oil
induction time has been increased by 70-80 hours in the ERCOT test. Even
present in just 1 wt% ADPS, the oil induction time can still be 40-50 hours
longer than synthetic esters or alkylated naphthalenes. Therefore, Figure 1

illustrates the strong synergy of ADPS with an ashless anti-oxidant.

[0045]) Another important performance feature of the current invention is after-
treatment compatibility. To measure after-treatment compatibility, a series of
engine oil samples were prepared where each sample contained a single sulfur
containing species as shown in Table 4. Thus, the fully formulated engine oils
studied contained only the single source of sulfﬁr listed in Table 4. Secondary
ZDDP, Primary ZDDP, Thiadiazole, Sulfur-phenol, sulfurized olefin, and ADPS
were studied. These fully formulated engine oils contain typical non-sulfur
containing performance additives such as hindered phenols, alkylated arylamines,

ashless dispersants, metal and ashless detergents, friction modifiers, defoamants,

i
I



system by identifying a nmethod to reduce vol atile

sul fur species to the exhaust system Table 4 [0046]
wal2bo7aigkepl at ed aromati cs di ssol ved easily in eRrgraS2007/000915

oils and renai ned clear and bright on the shelf at

anbi ent tenperatures over period of six nonths or

| onger. Apparently, the stability of al kylated sul fur

aromatics-containing oils is satisfactory and they

cause no adverse effects to cog;atlblllty in the

presence of other conmonly use Qddi tives in engi ne

oi | conpositions.[0047] Besides unique, synergistic

additive effects, it is evidenced that other highly

ICOITQsRN ml@xhlt@m,fmpnarmq@snvmorm pbus eointi Hepressdnisiiang seal swell

Al A5 iR RFRLe SuihiBR Rob0hn B 28B4 Wer®ibR s somponents
fa@ueaabsﬁnbwwe@bomnfzearamod %14% dﬁﬁ agﬁ;ﬁgiﬁlé D' 5800 and a

one enbodi nent, we have di scover ed new c
mmrlsqnoq\f therperaent @Wﬁphlmspbe‘l\mm (HeSAeW Joik and ke 011 remaining

Bl e, ¥ D11 Rl Peelioh dFSto¥ht Eiengioce Birats eamparisan of Table 4,
?,frfrﬁﬁx%/ aRdesdnbiMe ARy dﬂxbﬁ%ﬁi&é&evmﬁ?{i@& & 13994 and 37.0%

or contenporary éngine oil e mai ntalni
gespctivaly. we Sommeraal colfaneoatdiiniy canupﬂdamtsmtﬂen@éd at 6.1%,

SR o] S B Rt  dhipSeRte AR eitg 3 726 and sulfrized
Dl&fih additRieat £, 59@3 e'xﬁilﬁ%g )é%%& ﬁf&ﬁghW volFtlhty at 2.0%.

aromatics, base oils of less t ppm's
[This Idatenpr@ndﬂ'spsmbﬂg eividdrive o0 BAe faontabldliveerhi®sidon performance

3 orus and/or, less than 710 ppm zinc,
&’EP?ﬁF ‘% ﬁg'éﬁgg ?ﬁéf}gdm @ngine Ails- ndny Heisnembediment thg invention
PN idey By oM & enefit in sustaining the useful life of the after-treatment

system by identifying:a method to reduce volatile sulfur species to the exhaust

system.
Table 4
15 Minute D5800 Sulfur Volatilization Study
Sulfur Volatilized, %
2° ZDDP 37.0
Thiadiazole 21.8
Moly Dithiocarbamate 12.7
1° ZDDP 12.0
Sulfurized Olefin - 10.5
Sulfur Phenol* 6.1
ADPS 2.0

[0046] All alkylated aromatics dissolved easily in engine oils and remained
clear and bright on the shelf at ambient temperatures over period of six months
or longer. Apparently, the stability of alkylated sulfur aromatics-containing oils
is satisfactory and they cause no adverse effects to compatibility in the presence

of other commonly used additives in engine oil compositions.



1. A conposition, conprising, a. a lubricating oil

basestock; b. an alkylated aronmatic additive of at
woeasos®o@1l and | ess than 20 wei ght percent of PCAIS2007/000915

conposition; c. a dispersant-detergent-inhibitor

system of |ess than 15 wei ght percent of the

conposition; d. a zinc dithiophospahte additive of at

| east 0.1 weight percent of the conposition and no

nore than 1.0 wei ght percent of the conposition e. the

conposi tion having | ess than 639! PPM phosphorus, |ess

than 710 PPM zinc, less than 5,000 PPMsulf r, less

than 8 TBN and | ess than 1.0 wei ght percent ash. 2.

0842 bnPesides omnighe c spmergisticuadditive oefifpets,sitnig evidenced that other

| ybdenum addi t i er ei e | ybdenum.additjiye is
TRk Flinest v o 4 Bl gl Casdd fpehidia bosh hydes-processed
AP R4 PP 8§ _v@élﬁ'ag‘&hf:ﬂ‘@raﬁ%.m WE*%@QC%&%&TS can be used to
additive wherein the boron additive 1s less than 8
vasihgeme faocablte lobricdre peofgrominiceon. 4. The conposition
of claim1 further conprising a sulfur additive. 5.
The conposition of claim1l wherein the conposition has

J004SF OFh E¥ml , i8Re 2 b%ﬁtim@}nfjﬁigée)hgge distbb¥dred a new class of low

saturated structures Wlﬁw an 10
sulfur, low ash and low phosphorous (“SAP”) engine oils with favorable

oxidation and wear protection based on alkylated sulfur-containing aromatics.
This offers an effective way to reduce the amount of ZnDTP for contemporary
engine oils while maintaining excellent wear, friction and oxidation performance
as well as meeting stringent emission requirements. This embodiment further
provides favorable synergisms to similar formulations comprising alkylated
sulfur aromatics, base oils of less than 300 ppm sulfur, low levels of ZnDTP
wherein the ZnDTP contributes less than 630 ppm phosphorus and/or less than

710 ppm zinc, sulfur containing additives and molybdenum containing additives.



value less than 1 and a volatility |less than 15 wei ght
percent | oss in Noack.6. The conposition of claim1l
woherrasmor he al kyl ated aromati c concentrati on PETAS2007/000915
| east 0.5 weight percent and no nore than 8 wei ght
percent of the conposition. 7. The conposition of
claim1 further conprising additives to provide
favorabl e [ ubricant performance wherein the additives
are chosen formthe group conprjsing zinc
di t hi ophosphat es, borated or Hot?-bor at ed di spersants,
phenol i c and am ni ¢ ashl ess anti-oxidants, netal
ﬁer ents, nolybdenum or organic friction nodifiers,
its, seal swell additives, pour point

depressants and ot hers includi ng contenporary

di spersant-detergent- inhibitor (DDl) additive

packages, and ARe¥mpRRidalt eof . 8. The
conposition of claim1l V\hepg{brﬁét?ﬁée’ base stock is

chosen from t Be glabmcatingsoisbasastack;group 11 base

stocks, group,ll] base stocks, .group.lV bhbase stocks,

and group V ngeag?@gyﬁgt,edéagmtaHg@id s obakleast @0k and less than
20dveight perden 3F I cbMPoSIRfon; 9. The conposition of
claim1 wherein the di Spersant systens conprises

addi ti ves chosena fispersang-dptengent-amtsbitbr sgstefn &Dleas dehn 15
g&q%lgtonebror t ed.succini nj.des, succinic acid-esters and

M desk 5?@\/‘? ﬂ‘gﬁ&m%%ﬁ%g?ﬁ ne coupl ed Manni ch adducts,
and any conbi gat ; ggg%i ' .

cl ai m 1wherein t%gﬂlglt iigflggé%sp;a?lgﬁ‘?ﬁéﬁg it iI%%SQ:béPgNelght
Rewes Nt Pk theacemposisionsanthna nuare ihan ArQd vesighe perientiof the

Eg&b%sﬁfonat | east 10: 1 and |l ess than 400: 1.

e. the composition having less than 630 PPM phosphorus, less
than 710 PPM zinc, less than 5,000 PPM sulfur, less than 8 TBN and less than

1.0 weight percent ash.

2. The composition of claim 1 further comprising a molybdenum
additive wherein the molybdenum additive is less than 2 weight percent of the

composition.

3. The composition of claim 1 further comprising a boron additive

wherein the boron additive is less than 8 weight percent of the composition.

4. The composition of claim 1 further comprising a sulfur

additive.

5. The composition of claim 1 wherein the composition has a
viscosity less than 20 cSt at 400 °C, fully saturated structures with an iodine

value less than 1 and a volatility less than 15 weight percent loss in Noack.



11. The conposition of claim1 wherein the alkylated
aromatic additive is an al kyl ated di phenyl sulfide. 12.
woher7wemposi tion of claim1 further conprisi ngpamus2007/00091s
ashl ess anti oxi dant additive. 13. The conposition of
claiml further conprising a sulfur free neta
detergent. 14. The conposition of claim1l further
conprising an aliphatic sulfur additive. 15. A
| ubricant additive systemfor a |ubricant conposition,
conprising: a. an alkylated arofhtic additive of |ess
than 20 wei ght percent of the |ubricant conposition;
b. a sulfur-free detergent-di spersant system of |ess
than 15 peréenthewomhositioncefilaini lt\hhedeﬁulg 3he:a)lktylatfed aromatic
ithon: c.. a.zlipc dithiophospahte additive of  at
FORRER A Sls Byl S Sxiiebi PRETE B o0 rapts aRcs Wsisht percent of
tipRitlor? Wei ght percent of the |ubricant o
ggﬁggsitig%¥pd. an al kyl ated di phenyl sul fide additive
16. The lubricant additive of claim15 wherein the

A A R R M LTI
PGSl L I EREE W L s ghoen o
the group comprising zinc dithiophosphates, borated or non-borated dispersants,
phenolic and aminic ashless anti-oxidants, metal detergents, molybdenum or
organic friction modifiers, defoamants, seal swell additives, pour point
depressants and others including contemporary dispersant-detergent-inhibitor

(DDI) additive packages, and any combination thereof.

8. The composition of claim 1 wherein the base stock is chosen
from the group consisting of group II base stocks, group III base stocks, group
IV base stocks, and group V base stocks, gas-to-liquids base stocks, and any

combination thereof.

9. The composition of claim 1 wherein the dispersant systems
comprises additives chosen from the group consisting of borated and non-
borated succinimides, succinic acid-esters and amides, alkylphenol-polyamine

coupled Mannich adducts, and any combination thereof,

10. The composition of claim 1 wherein the alkylated aromatic
additive is a mano-alkylate comprising a carbon and oxygen atomic ratio of at
least 10:1 and less than 400:1.

11. "The composition of claim 1 wherein the alkylated aromatic

additive is an alkylated dipheny] sulfide.



additive. 18. The lubricant additive of claim15
wherei n the nol ybdenum additive is an organic
waounbywdenam addi tive. 19. The | ubricant additi vecofus2007/000915
claim 17 further conprising a non volatile sulfur
additive. 20. A nethod conprising a. obtaining a
conposition conprising a lubricating oil basestock, an
al kyl ated aromatic additive of at least 0.01 and | ess
than 20 wei ght percent of the conposition, a
di sper sant - det er gent -i nhi bi t or-¥ystem of | ess than 15
percent wei ght percent of. the-conposition, zinc
di t hi ophosphate additive of at least 0.1 wei ght
percent of 1he Tunpweposidonarftlaim ddueththeombrBinghaghshless
perceq&g& t.he conposition, wherein the conposition
H“GBO PPM phosphorus, |ess than 710 PPM

zinc, less than 5,000 PPM sul fur, less than 8 TBN,
| ess than 1.0 wei ght percent ash; b. lubricating an
engi ne w t h13.hdhxocpnpodition dfelsiahl duethépvompbising a sulfur free
anti -wear properties, oxidation resistance and
6Pgﬂhﬁe t.21. A method for reducing sul fur in
exhaust gasses in an internal conbustion engine,
conprising: a. obtaining a conposition conprising a
| ubri cat i ngl4i ThHeasempositibn ofelaihky | FurHepeomPtising an aliphatic

'tiﬁg of at least 0.01 and | ess than 20 wei ght

W€ he conposition, a

di sper sant - detergent-lnhlbltor system of | ess than 15
percent wei ght percent of the conposition, zinc
di t hi ophosplfat &\ hdstidany addftivatsystem for a lubricant composition,

comprising:

a. an alkylated aromatic additive of less than 20 weight
percent of the lubricant composition;

b. a sulfur-free detergent-dispersant system of less than 15
percent weight percent of the lubricant composition;

¢. azinc dithiophospahte additive of at least 0.1 weight
percent of the composition and no more than 1.0 weight percent of the lubricant
composition;

d. an alkylated diphenyl sulfide additive

16. The lubricant additive of claim 15 wherein the total lubricant
additive treat is in the range of at least 0.01 weight percent and less than 25

weight percent of the lubricant composition.

17. The lubricant additive of claim 15 further 2 molybdenum

additive.

18. The lubricant additive of claim 15 wherein the molybdenum

additive is an organic molybdenum additive.



| east 0.1 weight percent of the conposition and no

nore than 1.0 wei ght percent of the conposition,
woher’asmor he conposition has | ess than 630 PPMPCT/US2007/000915

phosphorus, less than 710 PPM zinc, |ess than 5, 000

PPM sul fur, less than 8 TBN, |less than 1.0 wei ght

percent ash; b. lubricating the internal conbustion

engi ne with the conposition.
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19. The lubricant additive of claim 17 further comprising a non

volatile sulfur additive.

20. A method comprising

a. obtaining a composition comprising a lubricating oil
basestock, an alkylated aromatic additive of at least 0.01 and less than 20 weight
percent of the composition, a dispersant—detergent-inhibitor system of less than
15 percent weight percent of the composition, zinc dithiophosphate additive of at
least 0.1 weight percent of the composition and no more than 1.0 weight percent
of the composition, wherein thé composition has less than 630 PPM phosphorus,
less than 710 PPM zinc, less than 5,000 PPM sulfur, less than 8 TBN, less than
1.0 weight percent ash;

b. lubricating an engine with the composition to achieve

favorable anti-wear properties, oxidation resistance and cleanliness.

21. A method for reducing sulfur in exhaust gasses in an internal
combustion engine, comprising;:

a. obtaining a composition comprising a lubricating oil base
stock, an alkylated aromatic additive of at least 0.01 and less than 20 weight
percent of the composition, a dispersant—detergent-inhibitor system of less than
15 percent weight percent of the composition, zinc dithiophosphate additive of at
least 0.1 weight percent of the composition and no more than 1.0 weight percent
of the composition, wherein the composition has less than 630 PPM phosphorus,
less than 710 PPM zinc, less than 5,000 PPM sulfur, less than 8 TBN, less than
1.0 weight percent ash;

b. lubricating the internal combustion engine with the

composition.



