WD 2007/ 084407PCT/ US2007/ 000915 LOW SULFUR. LOW ASH AND LOW PHOSPHOROUS
LUBRI CANT ADDI TI VE AND COVPCSI TI ON  BACKGROUND OF THE | NVENTI ON Fi el d of
the Invention [0001] This invention relates to lubricating oil conpositions
suitable for use in internal conbustion engines. Mre particularly, this
invention relates to a | ow ash, sul fur, and phosphor ou§Fer}35 0S@dobsag Oi |

conposi t i KO 283C#JPound [ 0002] Many neans have been enployed to reduce
overall wear and friction as well as to control oxidation/cleanliness in
nodem engi nes, particularly autonobile engines. The primary reasons include
prolonging engine life by reducing engine wear and increasing the resistance
to ‘oxi dation. by reducing the engine's sludge/deposit through degradation.
Many of the solutions to reduci ng wear ha e been strictly nmechani cal

i ncludi ng bui | ding engines with wear resistant parts, nodifying the contact
geonetry and addi ng special coating materials. Other solutions to inprove
cleanliness in I t

consi der abl e %%gﬂgﬂﬁiﬁhfk 7 %T}%cﬂf)w A '}Eu). ci”?‘lgbLS(ingﬁgﬁlldllbe their
anti-wear/anti-oxidation pro o Fefi-wi t h ashl ess
anti oxi dants and anti -wear conponents [ 00031 Cbntenporary | ubricants such
as engine oils use mxtures of additive conponents. Exanples of additives
conponent s i BAOKIGR Ok o HE ENIGON pressure components, fuel econony
i nprovi ng conponents, friction reducers, dispersants, detergents, inhibitors
and vi'scosity index inproving additive. These WO

2007/ 084407 RSP0 1H08R - 2 - additives provide energy conservation,
engi ne cl eanliness an urability and high perfornmance | evels under a mnde
range of performance conditions including tenperature, pressure and

roduc ng autBRBLT v EbisieeeRit ol SRR ot RimPosiiBis PP %M??*uel s

Recently, | uhfdrﬁﬂnécﬁnamm@pemgiﬁeynMﬁresperrbibulaMyﬁﬂna inwhtion wiated to pdblwt i on
and em ssion catal yst deactivation. Phosphorus Is_known to be poisonous to

aut omot i ve tashetulfigy andpbesphoranplubsiceting olleompastion.i s known to be

poi sonous to deNox catal ysts and zi nc/ noly phosphates are keys contributors
to cause pluggi ng of the exhaust particulate filters. The sul fur, ash and
phosphor ous Bagkgeowid s are conmonly referred to as "SAP" or "SAPS" in the
art. Accordingly, there is a need for a |l ow sul fur, ash, and phosphorous
conmponent additive for lubricating oils that provides favorable performnce

properties ] zinc
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wear and favorablg oxi dati on _grotecti on under, s vere ndi ti ons. ﬁ} Pis
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em ssi on probl ens addi ti on, as strong interactions wth
di sper sant s, ergistes gledgs/ﬂcpomemraugh dmgaxdauoanmpt sf thedsNpDOTE t:attsiunglg .

t t ffect f ti d f t s
Sonagoth ot 1 e BV Biem, shicthd et S il Ruildies | it A RS
endeavor si negistane o g xﬂbﬂﬁ?ﬁig e %‘i‘ﬁd&@ é?ﬁn t@ﬂ%ds a&diﬂg%péc‘ialeééa{tﬁi“ge' y

n

hi gh and extrenel éz ous chemcal limts on
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satisfies t Habnﬁﬂmg omﬂl\én% tﬂ’dﬂEahﬁMEéﬁflaﬂi—d)ﬁ@&de prvpertidsrst medifpiligrent ,
a lubricating oil ositiogn is disclosed. This conposition, conprises a

| ubri cati ng BFM ‘b’&g& lsewnw:mtwaﬂ@aﬂawm 9c| ve of at least 0.01
and |l ess than 20 wei ght percent of the conposition,

di spersant-detergent-inhibitor system of |ess than 15 percent wei ght percent
of the conpd$d03pnCoateniporach lubiriganes it as &dginbi oits afe atixtirestofGadditived ght

percent of the conposition and nore than 1. t per cent of the
conposi t i on.COTPRPNEHHD F@‘T‘BﬁF r&t{n%twes@mmwnmch%m AR g eXERE ¢ han

i ght  per caE SET °‘°F‘8%’6‘§1'&? HEPULSUEY kGt (bl 85 Sttt O

for | ubri catdispersarts, detergests, odsbitorEhand ismpiiyg ihdexninemopingadditdve aﬂhydsat ed
aromatic additive of |ess than 20 wei ght percent of the conposition, a

di spersant -detergent-inhi bitor systemof |ess than 15 percent wei ght percent
of the conposition, a zinc dithiophosphate additive of at |east 0.1 weight
percent of the composition and no nore than 1.0 wei ght percent of the
conposition. [0009] In a third enbodi nent, a nethod of obtain a favorable




BRI EF DESCRI PTI ON OF THE DRAW NG [ 0010] Figure | illustrates.the viscosity
increase profiles for a Goup V base stock with different additive

enbodi ments. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0011] This invention
relates to engine lubricants fornulated with functional fluids and/or
~addi tives and conpositions. One enbodinent is a | ow ash, sphor us
engi ne | ubr MO8 osi ti ons conprising oils of |ubri ca%?%%@é%‘?ﬁs{]g
containing a mnor amount of multi-functional anti-wear/anti-oxidation
additive. The anti-wear/anti-oxidation additive may be a functional fluid of
certain sulfur-containing al kylated aromatics or m xtures of sul fur and
non-sul fur al kyl ated aromatics. [0012] In a second enbodi nent; the

| ubricating oils maintain low frictional properties of filmunder various
operating conditions. This enbodi nent f avorsbl y maintains sufficiently high
filmthickness at high operating tenperatures to provide a m nimum | ubri cant
filmto protect against wear at a variety of tenperatures. WO |

2007/ 084407 PCHAlLE0 Prenide 1energys conggriptionm cpging sleanliness mngdd dweabilityt ared

| ubricating oLy, RO |, dat | o) : ader
the st sevalEnBEBbrigRcs BRI Er W iBihEe AP HatBrhAR bt nel]
extreme pressinperaidid, pressufwa hubeicasiweseice flifem zi nc di t hi ophosphat es,
phosphites, sulfurized olefins/esters, sulfur-nitrogen additives and sim|lar
conmponents. Friction reducers have been chosen from nol ybdenum additives

i ncl udi ng Mol it hi t (- TG ). ydi thio £.85 (.1 ),
and ot her or g[grqgg n’%ﬁﬁ‘ﬂ{%ﬁ?g. ﬁ’?n&%ﬁp%ﬁ%glg&haﬁﬁg‘g Rgm gggﬁl ngﬁg%ﬁ@ar
conponent s. Mmiakiodetiepgsainng dvavre tieckenet bb selfuf imfoetn| Rieventty, lobhrgjomgs ure
%q.enat es, sulfonates, ,salicy|]ates, carbonates. and si.m | ar. conpqnents.

nt i oxi dant s IPEBELERACK SEERIYT @SN3 iowERs &f pHeReution and; gpssion catalyst
di hydr oqui nol{ SPh¢ nag i i i I oS W44
conmpounds. Thdedsa gﬁgﬁﬁ i eggélglr%e ri cli?laiwri:J 'Jgfj fﬁéﬁé%ﬁ%i%h%%ébgﬁé%ﬂf égﬁ?’ I(]:ig:nt ent
as they for monversiprc ketalysis. Sulfursist knave todben posonbus b deNo& 1 EdtalPsishady |

sul fide, diphenyl oxide, biphenyl i phenyl net hane, and many ot her rel ated
anal ogs are lﬁ?%@g}ﬁ &?SHBE&%StqrénlgefyéFg?'ﬂ#’&rss{]onﬁ%‘fstehﬁﬁ‘g&“@/ga@Feeﬁ*’é‘Péﬁ'i al's
that can resigktibdl8icBltes! I'ERS sﬁ!ﬂ'ﬁ‘?@z_sﬁ%ﬁﬁ@;cﬁﬁﬂ@i&ﬂs%&pdﬂ%&Vﬁ’e,c&ﬁ%le}f ect
use of the non-allcylated aromatics in lubricants are relatively limtéd to

| ow concent r aefesresl tuas {*SAPHeor FHAPET] i dhp art. bAIccoxdinglyh thertds amesdofoarabon
base stocks. ,[001 Al kyl at ed,aromati cs, especj al,l,y. sul fur, cont ai ni,n

ST eyl are alberitu’ with. 2 enOSelREbLS Santi Rt AortiyRator nbeants Bufdhae (o
functi onal orpraﬁa&ymrmalpeafogﬁﬁhi;@prdyeﬁyésdi ng good thernal - oxi dati ve

stability while maintaining good conpatibility. These al kyl ated aromatics
have excellent conpatibility with other base oils and superb sol vency and

stability makj t i sy, tic.a0i|ls.ingluding. Go r functional
Ploas U S g et SYBEREL) S0 b nbBBisY) B, obBayly” O 0 &M
and 5, 177, 284iMligHospRateNEZaDIIes 6r tZDDRFHONZnDITPTivka Rersatiky; | At dear/anti-

napht hal enes. US. Patent Nos. 5,372,734, 5,552,071, 5,371,248, and 5, 286, 396
i scl ose t he opidanh, eRmpanent Hhatyprovadesy EXEEMEHY, pladh caft range dittagpwican rang

1 kyl at ed digﬁ@:ﬁ. et Ubr i al te z an-deriv ricants
and al kyl ated p éhlgxa?ﬁ{dgglgpor CuBr Pganﬁéélo%ﬁfé}&éﬂéﬁagg art |ltIgPa{Sure
ref erenced ahiisadvantiapsony) edpanisldys at high e rafesalThd mbjpat problkeet with ZnDEPlI ow
SAP environnment. with hjgh guality base stocks. ,In addition, the priopr, art
fails to di sé BecPorenik siads 1o AerRreatmentevicss el may pRepure Seission
unexpect ed, $HGAEMSC! CBp! AdiBESn,| BIBTEShid) SbrP KRtk diRicHs! Wil BEpGSATRL | CS
functional fluids suitable for 1ow ash and | ow phosphorus engine oils. 1In
di fferent endettrgenis.cothprani-wfaar contpongata andfMagl sausong aategenistigegients from

nmono- to di- to Ltiple,allcyl ates. wever . nmno-al kyl ates ar £
desirabl e thSR 8?”%&9’%.3%5"&5%% ?Wsétar Owath%}aﬁrcogﬁ%n%%}ga n® ea?l%m?%' in a
range from 1@Repldcing! ORTITP Rdaith/es Gs Ra aSsiipld eAdemiod shicef Beregar gistetion 20: 1
to 200:1 and an even nore preferred range of 25:1 to 100:1. [00181ln one
enbodi ment , Hemweand dor igday's snginspiscpdremely yiighandcexsremelyvrigerous| aheatigalni t h

| ow | evel of ,.zi.nc_ dithj.gphosphates and/ or optionally nol ybdenumfriction
nodi fiers caH"B&?ﬁggﬁsﬁgst antial reductions in wear and oxidation. These
conbi nati ons provide inprovenents in engine service life and durability with
excel l ent overall performance benefits. In addition, these conbinations
typically mnimze deleterious effects such as instability, undesirable high
viscosity, high friction, deposits and the |Iike, when added to |ubricating
oils. Conbinations of alkylated aromatics with |ow | evel of sulfur-free
detergents such as, salicylates, ashless phenols and aryl am nes, and boron
contai ning addi tives, and any conbination thereof further provide synerqgies.




- WD 20077 084407PCT/ US2007/ 000915 =8 —=-preferably high resistance to
oxi dati on/thermal breakdown. The nost preferred enbodi nent provides
favorabl e visconetrics for engine oils since fuel econony is heavily
i nfluenced by visconetrics. A variety of alkylated aromatics are suitable
for different enbodi nents of this invention. For exanple, ADPS-1 is an

experi ment gl 5@y i ¢ fluid made by the al kyl ation of %Tﬂggw %@t\g fide with ~

| ong chain alkenes over the USY catalyst. [0022] In a nbodi nment ,
the lubricant conpositions, besides being built around the uni que sul fur
containing allcylated aromatics, also contain |ow | evels of zinc, phosphorus
and sul fur conponents. Persons skilled in the art will recognize the ability
to include additives that favorably enhances | ubricant perfornmance including
anti-friction, anti-oxidation and anti-wear performance while successfully
meeting the stringent wear, oxidation and cl eanliness performance :
requirenents in nodern engines. Exanples of suitable additives include but

are not lim tg [ | hj S S

non- bor at ed 96‘% e(r)%g%tlas Hqﬁenol%lvé 211?1 atrsri %%}gsﬁi}i@ g%\?éi ]gﬁlg'g[ag?sa 1%‘fvgh and
| ow | evel s gfholptidtlus dls:.tzesmeuﬁtt gnd 1o wbld ebrieatingosid and adithvet with lowdiebelr s,

def oamant s, seal swell addjtives, pour_point d ressants incl udi ng

cont enpor aryl’ Iﬁipmd|$P%d%&ébﬁéﬂv%fﬁdmaﬁﬁlsﬁéﬁﬁlan&f’¢‘bn t hereof. [0023] In
sonme enbodi nents, we have di scovered that these new synergistic conbination
has favorably inproved |ubricant performance paraneters while maintaining

excel | ent c@USMMARY EﬁmmTlﬂNer treat nent devices. The core of the

preferred enbodi nent cenprises stable sul fur containing functional fluidand
a significantly reduced anount of .Zn]JTP and net al detergents and enhanced

amount of as[gtrlg‘?vf dﬁx’g‘ﬁ't‘u@ﬁ‘éxﬂﬁ&&xﬁx&ﬁd ft%ﬁr?éa'tﬁ’:g &P@h Bbition 1 edx%:%:g :\?ﬂxs (_

formul ati on an engi ne ol rican ess than
phosphor us, doaspositham ¢aMpFiRéd zi robricaing tdibrbaseH66k, PBM alklyfaied dresmtltchan 8

TBN, less than.1.0 0% as d high n en/ z nc or n/ ho.s hor us
ratios. In cﬂ%@‘ “W)o %%gﬁiﬁ7ﬁé??§§25?ﬁ 0%’9 tPeEFe“ %ﬁgg
general for rmkﬁérké%ﬂ—&’éteﬁé%ﬂt-irﬂﬁb@&%ﬁ%rtﬁ‘ 1ekd u%nt%eweﬁt ﬂ@f&éﬂte&

aromatics is sumari zed 1n Table 1.” Table 1 Conponent Type % Elenents in

For nul at ed Ghe somesition, aizies dﬂwphommmdcﬁuwe of at teast 0.d weight pernest of

7 nedi  ni opHUE SURTRH pid hogndré BB Wetght peiulhbhie utpmilte Thes 710

ppm zinc Di %ﬁ@iﬁoﬂﬁﬁﬂhgﬂé@s tham B30 PPMVL phisspledtus, léﬁh@%ﬁ@ﬁﬁﬁwm Neds ogen,
<1.0 wt ash, TBN <8, NP >1 (wt/wt) N Zn >1 (wt/wt I\/blybdenurraddltlve
"than 5,000 PPM su]fur 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

t



0-2.0%, <210 ppm nol ybdenum Boron additive 0 -8.0% <400 ppm boron [0021
These conponents can be used with a variety of base stocks, including group
[, 1, 11, 1V, and V, and GIL as well as a variety of m xtures thereof
However, due to other performance requirenents including volatility,
Stability, visconetries, and cleanliness feature, prem umengine oils prefer
to use gr oupYOPRIIMBHIAT gher ("G oup |I+") base oils to ensamubE0MdonERy can
achi eve desirable overall performance |evels as well as nmaxim zing the full
potential of the unique synergies anong additives. Additional significant
synergies were identified anong al kyl ated aromatics and Goup Il+ high
performance base stocks including Goup I'l, II1I, IV, V, "?/1 or G| base
stocks. WD 2007/ 084407PCT/ US2007/ 000915 - 10 - [0025] Base stocks having a
hi gh paraffinic/naphthenic and saturation +thture (>90 wt % can often be used
advant ageously in certain enbodi nents. Such base stocks include Goup.lI
and/or Goup Il hydroprocessed or hydrocracked base stocks, or their
synthetic couldseri@l 630 SRRM posphbyil phsecthah i7100PPM zidd, desssthah | 3000 2P0 | S
or m xtures ocsimlar base oils. [ _026& In a preferred_enbodi nent, _at | east

about 20% of SWéur dess) thas SHdHN; less & weightspergentsagbnand g ybritating enoup
H b t ock ey Js BaDe! A
han about _gosnehe pat i S BosiGR T ARG LUABIE I el GoPBinfes, BRUABAP |

be preferenti adsisyariteethdwelecanlifgssconponent s of this invention as a portion or

all of the base stocks used to fornulate the finished |ubricant. W have

di scovered, favorable inprovenent when the conponents of this invention are

added to | ubrghe3kkN9eSrRIBTRORCOR TISE 'Wfﬁf}' ly Goup Il, Goup IIl and/or
base stoc mm%mn%—es—of alternate fluids. [0027]

ui tabl e di spersants include borated and non-borated succini m des, succinic

aci d-esters ap i des, al kyl phenagl - pol yam ne coupl e nni ¢ch adducts, other

rel at ed corrpowgpﬁin Heprg dyil gf%'ieﬁglq YHceRtyipgrease Hr%fglﬁéw?@rﬁ)@él‘i’%m JasEt  can

often be adv ggﬂ,s : } h above descri bed di spersants

and ot her re?ﬁ)gg |s%§é§§§?gmt§xélaén‘§?%&sﬂq%c ‘ude additives that are borated,

those that are primarily of higher nolecul ar weight, those that consist of

primarily nmonQs lFru)rln C i.S- i, nim i xtures of above, those

made w th di fFerelrt=am- , d, dispersants wherein

t he back-bone is derived from polynerization of branched ol efins such as

pol yi sobutyl ene or from pol yners such as other polyol efins other than

pol yi sobut y| 9811k uEhisainventiph antatesptao pygiondubtigarts ormulhted with Spegtional s

and any conbi gat, on .} her gof . 2007/ 084407RCT/ US2007/ 000915 [ 0028

Sui t abl e det e gEh Aot A a5 a0 Corontiot Po RPQHieRh i pIeN BB oi um

sul fonat es, C@i&?ﬁ&@%ﬂg@ﬂé AP ReanfBENP64itiBhy BeRPriRing HRE BE RibHBant{sRB&EES,

magnesi um sal’i cyl ates, metal carbonates, related conmponents including

borat ed det er¢pmiinings minay amendt abmudiirfewetiongdl antivweatandi-gpidation additive.

neutral, m|l v.er d.. or..hi.ghl v,.overb . 4.0029 t 1 oxl dant s
i ncl ude hi nde eﬁ'&ﬁ’@ﬁ%ﬁ%ﬁ“&?’?f‘%ﬁ&h%as/c,hglvsw @fjﬁ?& rﬂ:g@tgg%al}ﬁﬁ%%? Sﬁﬁ%lgesﬁléﬁéhd
q?'t her rel at ecconedaiphige alkylated Nirbivatits orndix@ntds’ ofS bukdahd ahd iRm-SERurbkybeet as
eeded. Seal swell, control conponents and defoamants may be used with the
m xtures of t#APHAFFention. Various friction nodifiers may al so be utilized.
Exanpl es include but are not limted to am nes, alcohols, esters, diols,
triols, polyols, fatty am des, various nol ybdenum phosphorodit hi oat es
(MoDTP), nol yBa22lunirdat skcondrdrabadiesng;MiBTIDbricatihg usilp nesplatr dewf fritionabani ¢
nmol ybdenum conponent s bdenum t r;i nucl ear,.conponents, apgd. any ,copbi nati on
Thet cof [ 00FRPSREHPOF B GERGET, bRHPUL PREGHITE AT ne 1 ko BOHGORERE | on
to nodem engifgobly WdhtaiRW éﬁfﬁ@i@nﬁ?”’?ﬁ@?mﬁﬁns hdidiR@s$ | & |l§‘i'rghf WpekdtRips. AS
the I evels of ZrIDIP are reduced, the wear protection nust relly on a new
anti-wear sydemperaparstdogpioyidet &aninirewmahtbirioant filmytt protedt| dgaknst voseriat aash,
sul fur and subst ntt{allé free of phosphorus conponents to provide favorable
per f or mance W f TaRSth st systens. Typically, the sulfur-containing

alicylated aromatics possess noderate |evel of highly stable, less volatile

sul fur, that is different fromthe volatile sulfur liberated from zinc
di t hi ophosphd08%3] THar afthird embediment;| tharlubdeating cilgmaintying todeprdinganoves ar e

. harm ess t xhaust _after.- .rent ice t_effective i.n pr t i ng
engi ne part s MESTRES "okt I SREAEE VordlBIORO PB dlveth bihngh BHELEEN'T,
amount of zinc dithi ophosphate additives that favorably provides oxidation,
corrosion, seal stability and frictional properties. Even nore inportant is
the ability to provide anti-wear protection with | ower |evels of sulfur,
phosphorus and zinc in the engine oil fornulations are significantly |ess
than that typically used in today's engine oils. Another principle advantage




WD 20071084407PCT/ US2007/ 000915 - 13 - Table 2 Lubricant Exanple 1 2 3
-ADP S-1 =93-59386 4% ADPS- 1 1.0% 0. 5% ZnDTP 0.5% ZnDTP

WO 2007/084407 PCT/US2007/000915
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minimum. In a fourth embodiment, the lubricating oil provides favorable
oxidation and corrosion control, under the most severe operating conditions.

[0014] Traditionally, antiwea;r and extreme pressure additives have been
chosen from zinc dithiophosphates, phosphites, sulfurized olefins/esters, sulfur-
nitrogen additives and similar components. Friction reducers have been chosen
from molybdenum additives including Moly dithiocarbamates (“*MoDTC"),
Molydithiophosphates (“MoDTP”), and other organic moly-containing
compounds), amines, amides and similar components. Metal detergents have
been chosen from calcium or magnesium phenates, sulfonates, salicylates,
carbonates ‘and similar components. Antioxidants have been chosen from
hindered phenols, arylamines, dihydroquinolines, phosphites and
thiol/thiolester/disulfide/trisulfide compounds. These additives are rich in sulfur,
phosphorus and/or ash content as they form strong chemical films to the metal

surfaces.

[0015] Diphenyl sulfide, dipheny! oxide, biphenyl, diphenylmethane, and many
other related analogs are utilized as heat transfer fluids since they are stable l
materials that can resist ihermal stress under severe conditions. However, the
direct use of the non-alkylated aromatics in Iubricants 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 whiie
maintaining good compatibility. These alkylated aromatics have excellent
compatibility with other base oils and superb solvency and stability making them

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



ZnDTP 01-60665 = 0% P EO 99%91-99.5% 01-95.5%01- . 60665 60665 60665

Phosphorus, A 0.10 0.05 0.05 Sanple Nunmber 02-713 02-714 02-33611
Solubility C & B

WO 2007/084407 PCT/US2007/000915
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5,105,042, and 5,177,284 disclose the process conditions of making alkylated
naphthalenes. US. Patent Nos. 5,372,734, 5,552,071, 5,371,248, and 5,286,396
disclose the preparation of alkylated benzothiophene-derived lubricants,
alkylated diphenyl ether lubricants, alkylated benzofuran-derived lubricants and

alkylated phenoxathins for l;lbricants.

[0017] The prior art literature referenced above fails to disclose the use of
alkylated aromatics in a low SAP environment with high quality base stocks. In
addition, the prior art fails to disclose the favorable anti-wear/anti-oxidation
properties and unexpected, superb cleanliness features which make the alkylated
aromatics functional fluids suitable for low ash and low phosphorus engine oils.

In different embodiments the preferred degree of alkylation varies ranging from

.mono- to di- to multiple alkylates. 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 10 200:1 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 pr;)vide 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, sélicylates, ashless phenols and arylamines, and boron containing

additives, and any combination thereof further provide synergies.
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40Kg/ 1200i pmi 60m n. /200 K Factor 1.11 1.62 0.78 F 4 Ball EP P2783) LNS
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[0019] In another embodiment, novel highly stable, sulfur containing, alkylated
aromatics have been synthesized and evaluated as functional fluids and/or
additives for lubricants including low ash, sulfur, phospﬁorus engine lubricants.
The novel compositions possess multi-functional  anti-wear/anti-
oxidation/cleanliness/friction reducing-fuel economy properties. In addition,
these combinations can improve the wear protection of most lubricants used in
both automotive and commercial diesel engine applications, while maintaining
desirable viscometrics. In this embodiment, the composition is favorable suited
for low ash passenger car engine oils. When used as Group V base stocks
including functional fluids or co-base stocks, the typical alkylated aromatic
concentration is in the range of 0.1 to 20 wi%, preferably 0.5 to 8 wt%. When
used as lubricant addiﬁves, the typical treat, sometimes referved to as treat rate,
is in the range of 0.01 to 4 wi% with a more preferred range of 0.02 to 2 wit%
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 dipheny! 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 cSt at 400°C, with fully saturated structures with an lodine value

less than 1, low volatility of less than 15 wt% loss in Noack and even more



100 30C/ 10sec./1760rpm Wl d Ld (Kg) 200 200 200 LW 35.1 34.5 41.7 Cu
Corrosion (D130-9) 24 hrs/250F TIATAIA PDSC (Ramp 1T m) Onset T (C) 232
229.7 235.1 288 C, 16hrs.
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preferably high resistance to oxidation/thermal breakdown. The most preferred
embodiment provides favorable viscometrics for engine oils since fuel economy
is heavily influenced by viscometrics. A variety of alkylated aromatics are
suitable for different embodiments of this invention. For example, ADPS-1 is an
experimental synthetic fluid made by the alkylation of dipheny! sulfide with long

chain alkenes over the USY catalyst.

[0022] In a preferred embodiment, the lubricant compositions, besides being
built around the unique sulfur containing alkylated aromatics, also contain low
levels of zinc, phosphorus and sulfur components. Persons skilled in the art will
recognize the ability to include additives that favorably enhances lubricant
performance including anti-friction, anti-oxidation and anti-wear performance
while successfully meeting the stringent wear, oxidation and cleanliness
performance requirements in modern engines. Examples of suitable 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 § TBN, less than
1.0 wi% ash anfi high nitrogen/zinc or nitrogen/phosphorus ratios. In one
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embodiment, the general formulation of the low SAP engine oil containing the

alkylated aromatics is summarized in Table 1.

¢
%

Table 1 .
Component Type Wi2% Elements in Formulated Qils (ppm)
+ Other Restrictions
Sulfur aromatic | 0.01 - 20.0% | < 4500 ppm sulfur, volatility <10
functional fluid/additive wt%
Zinc  dithiophosphate [ 0.1 - 1.0% 100 - 630 ppm phosphorus, 105-710
additive ' , ppm zinc
Dispersant-detergent- <15.0% <1800 ppm nitrogen, <1.0 wt ash,
inhibitor system TBN <8, N/P >1 (wt/wt) N/Zn >1
B (wifwvt)
Molybdenum  additive | 0 -2.0% <210 ppm molybdenum
Boron additive 0-8.0% <400 ppm boron

[0024} These compoﬁents can be useéd with a variety of base stocks, including
group L, II, ML, 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 qils 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, II), IV, V, VI or GTL base stocks.

3.3 HFRR 0. 7Kg/ 60Hz/ 0. 5nrn/ Scar X/' Y
nm 60m n./75C Cale. Sc. Area 0.174 0.181 -




0. 147

D2896 TEN 4. 27 4.23 -
(wm 9% Phosphorus 0.1003 0.0507 0.0497 D6443 (W% Zinc 0.1118 0.0577 0.0572

D874 (W% Sul fated Ash 0.53 0.38 0.35 D6443

D6443 (wt % Cal cium 0.0329 0.0332
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[0025] Base stocks having a high 'parafﬁnic/naphthen_ic and saturation nature
(>90 w1%) can often be used advantageously in certain embodiments. Such base
stocks include Group II and/or Group III hydroprocessed or hydrocracked base
stocks, or their synthetic é:ounte'rparts such as polyalphaolefin oils, GTL or

similar base oils or mixtures oft-similar base oils.

[0026] In a preferred embodiment, at least about 20% of the total composition
should consist of such Group II or Group III base stocks or GTL, with at least
about 30% being preferable, and more than about 80% on being most preferable.
Gas to liquid base stocks can also be preferentially used with the components of
this invention as a portion or all of the base stocks used to formulate the finished
lubricant. We have discovered, favorable improvement when the components of
this invention are added to lubricati-ng systems comprising primarily Group II,
Group III and/or GTL base stocks compared to lesser quantities of alternate

fluids.

[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,
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[0028] Suitable ‘detergents include but are not limited to calcium phenates,
calcium sulfonates, calcium salicylates, magnesium phenates, magnesium
sulfonates, magnesium salicylates, metal carbonates, related components
including borated detergents, and any combination thereof. The detergents can

be neutral, mildly overbased, or highly overbased.

[0029] The antioxidants include hindered phenols, arylamines, low sulfur
peroxide decomposers and other related components. Inhibitors and antirust
additives may be used as needed. Seal swell control components and
defoamants may be used with the mixtures of this invention. Various friction
modifiers may also be utilized. Examples include but are not limited to amines,
alcohols, esters, diols, triols, polyols, faity amides, various molybdenum
phosphorodithioates (MoDTP), molybdenum dithiocarbamates (MoDTC),
sulfur/phosphorus free organic molybdenum components, molybdenum

trinuclear components, and any combination thereof.

[6030] 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 afier-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

0.0496 0.0482 D443 (wt% Copper <0.002

14 - dispersants,
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Table 2
Lubricant Example 1 2 3
ADPS-1 =93-59386 4% ADPS-
1
1.0% JO.S% ZaDTP {0.5%
ZnDTP ZnDTP
01-60665 =0% P EO 99% 01-199.5%  01-]95.5% 01-
60665 60665 60665
Phosphorus, % 0.10 0.05 0.05
Sample Number 02-713  [02-714 02-33611
Solubility C&B C&B C&B
Appearance
4 Ball Wear WSD (mm) |0.44 0.48 0.42
40K g/1200rpm/60min./200 [K Factor 1.11 1.62 0.78
F
4 Ball EP (D2783) LNS (Kg) 80 . 80 100
30C/10sec./1760rpm Weld Ld (Kg) 1200 200 200
LWI 35.1 34.5 41.7
Cu Corrosion (D130-9)  [24 hrs/250F |14 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 i
0.7Kg/60Hz/0.5mm/ Scar X/Y[0.317/6.7 10.3/0.767 0.26/0.70
(mm)
60min./75C Calc. Sc. Area |0.174 0.181 0.147
D28%6 TBN 4.27 4.23 -
D874 (wi%) Sulfated Ash  [0.53 0.38 0.35
D6443 (witYa) Phosphorus  |0.1003  |0.0507 0.0497
D6443 (wio) [ Zine 0.1118 [0.0577 0.0572
D6443 (wi%a) Calcium 0.0329 ]0.0332 0.0317
D6443 (wi%) 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 (wi%) 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

- 1% ZnDTP 0. 5% ZnDTP



99% 01- 99.5% 01- 99. 75991 99.59%91- 97.5%1- 0% P EO 60665 60665 - 60665 o
60665 . 60665 250RC24 . 259RC2 11 411
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dispersants, metal detergents, defoamants, viscosity modifiers and other

performing components.

[0034] As illustrated in the above Table 2, very good anti-wear, anti-oxidation
and corrosion control can be achieved with sulfur-derived alkylated aromatics in
the low P passenger vehicle lubricants (“PVL™). As shown in the High
Frequency Reciprocating Rig (“HFRR”) and Four-Ball EP wear test, the
( functional fluids formulated low SAPS engine oils can help to improve anti-wear
properties evidenced -by the low wear scar areas and wear coefficients (“K

Factor™) measured.

[0035] In addition, there are synergistic benefits of lJow SAP additives with
Group II and higher base stocks. The synergistic benefits include favorable

cleanliness, wear propetties, 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.
© 1
[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 hubricant 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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However, a significant reduction to 0.147 mm?® range for lubricant exémple 3is
an unexpected result. _
[0038] In the Four-Ball EP test, lubricant example 3 aiso demonstirated superb
load carrying property as evidenced by the higher last non-seizure load of 100 kg
and a grea;\ter Load Wear Index of 41.7 when compared to lubricant examples 1
and 2. The improvement in Load Wear Index from lubricant examples 2 to
lubricant examples 3 is almost';ZI%. The high temperature stability of lubricant /
- example 3 is also shown by I'che Pressured differential Scanning Calorimetry
(“PDSC>) data on ramping method. Comparing lubricant examples 2 to 3, the
onset temperature is raised from 229.7°C to 235.1°C respectively providing 54%
better oxidation control, assuming the oxidation rates doubled with every 10 °C
increase in temperature. Therefore, lubricant example 3 could provide 54 %
better oxidation resistance than lubricant 2 if we quantify the control 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 waorst
resuit 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 wi%. In conclusion,
exceptionally good oxidative stabilify 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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[6040} The outstanding anti-oxidation/anti-wear performance is further verified
by another set of Four-ball EP and hot tube tests. Table 3 is a Table similar to
Table 2 comparing lubricant examples 1 and 2 from Table 2 with additional
lubricant example tests. As shown in the Table 3 data, when the low phosphorus
engine oil was formulated with extremely low level of ZnDTP such as, 0.025
wi% phosphorous, the last non-seizure load dropped to 63 kg and the load wear
index also dropped to 28.2 comparing table 4 lubricant example 4 versus
lubricant examples 2 and 1. This is clearly not desirable as poor EP performance
indicates weak load carrying' property. Adding a conventional sulfur EP
| additive, Rhein-Chemie's RC-2411™, could not improve the load carrying
property significantly as shown in lubricant example 5. However, as shown in
example 6, adding 2 wt% of ADPS to the base engine oil formulation provides

significant improvement.
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Table 3
Lubricant 1 2 4 5 6
Example
Funct'lized 2%
fluids or ADPS-1
cobase oil
1% 0.5% 0.25% 0.25% 0.25%
ZnDTP ZnDTP | ZnDTP | ZnDTP | ZnDTP
01-60665 = 99% 01- 199.5% 01-]99.75%01] 99.5%01- |97.5%01-
0% P EO 60665 60665 -60665 60665 606635
25%RC24(.25%RC2
11 411
(0.10% P) |(0.05% P)10.025% P | 0.025% P | 0.025% P
Sample 02-713 02-714 102-31205] 02-35335 | 02-35333
Number
Solubility/ C&B C&B C&B C&B C&B
Appearance
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 3447 28.21 28.41 36.16
Cu Corrosion 3hrs/ 1A 1B 1A 1B 1B
(0130-8) 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 427 4.23 5.45 4.11 5.59
D874 (wi%) | Sulfated Ash 0.53 0.38 0.33 0.33 0.32
D6443 (wit%) | 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 (wite) Calcium 0.0329 0.0332 0.0331 0.0331 0.0325
D6443 (wt%) | Magnesium 0.0595 0.0496 0.0505 0.0501 0.0514
D6443 (Wit%s) Copper <0002 | <0.002 | <0.002 <0.002 <0.002
D6443 (wt%) Chlorine 0.0047 0.0049 0.0048 0.005 0.0049
D6443 (witte) Sulfur 0.2799 0.1783 0.124 0.1463 0.2988




210F/ } 120
16hr s

Sy

Cu Corrosion 24 hrs/250F A 1A 2A 2B 2A (D130-9) 288 C,

WO 2007/084407 PCT/OS2007/000915

-18-

[0041] RC-2411™ {s an aliphatic sulfur additive, which has even higher sulfur
content than the ADPS used in lubricant example 6 of table 3. Some sulfur-
containing additives, including aliphatic sulfur species, could provide equivalent
favorable antiwear/extreme pr(;ssure performance as alkylated sulfur aromatics
providing that they are thermally stable and non-corrosive. However, many
sulfur-containing aliphatic sulfur additi\}es, used by themselves alone, are not
sufficient to provide anti-wéar protection while maintaining satisfactory anti-
corrosion properties as demonstrated in example 4 and 5 of table 3. Lubricant
example 6 (with levels of 0.025 wt% phosphorus) of table 3 illustrates the last
non-seizure load and the load-wear index improved to be equivalent to or better
than the lubricant example 1 with levels of 0.1 wt% phosphorus engine oil. In
addition, the weld load increased to 250 kg when comparing lubricant example 6
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 exce;.)tionai 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 cleanlix;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 additiye embodiments. Reference numerals 11 and 12
represent viscosity increase 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
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represent viscosity increase profiles for 7 wi% and 1 wit% ADPS additive

respectively.

[0044] Figure 1 demonstrates that alkylated sulfur aromatics 15 and 16 can
provide favorable performance advantages in oxidation control versus other
group V synthetic fluids in the presence of equal amount of ashless anti-
oxidants. This performance benefit was shown using the ExxonMobil Research
Catalytic Oxidation Test (“ERCOT”). In the ERCOT test, 50 ppm of soluble
iron is added to 100g of test fluid. The fluid is heated at 165°C while air is
bubbled through the sample at a rate of 1L/hour. The kinematic viscosity at
40°C of the catalyzed oil is monitored as a function of time. When the
antioxidants in the fluid are consumed, a significant increase in. viscosity is
observed. The base engine oil formulation has about 450 ppm phosphorus from
reduced ZnDTP, and a total of 1.0 wi% hindered phenol and alkylated arylamine
ashless anti-oxidants. 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 wit% ADPS, the oil induction time can still be 40-50 hours
longer than synthetic esters or alkylated naphthalenes. Therefore, Figure 1
illustraées 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 sulfor 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,
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corrosion inhibitors, copper passivators, pour point depressants and seal swell
agents. The single sulfur containing species in Table 4 were the last components
added. Samples were volatilized at 250°C for 15 minutes using D 5800 and a

comparison of the percent sulfur lost between the new oil and the oil remaining

" at the end of the volatilization test was made. In a direct comparison of Table 4,

primary and secondary zinc dithiophosphates volatized at 12.0% and 37.0%
respectively. Comimercial sulfur-containing antioxidants volatized at 6.1%,
thiadiazole at 21.8%, molybdenum dithiocarbamate at 12.7%, and sulfurized
olefin additive at 10.5%. ADPS exhibited extraordinarily low volatility at 2.0%.
This data provides strong evidence for the favorable low emission performance
benefit of using ADPS in engine oils. In this embodiment, the invention
provides favorable benefit 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] Al 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.
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[0047] Besides unique, synergistic additive effects, it is evidenced that other
highly refined, low sulfur Group II/III based oils including both hydro-processed
oils and HDP as wel! as other Group IV/V synthetic base oils can be used to

achieve favorable lubricant performance.

[0048] In summary, in one embodiment, we have discovered a new class of low
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 cils 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.
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aliphatic sulfur additive, which has even higher sulfur content than the
ADPS used in lubricant exanple 6 of table 3. Some sul fur-containing

raddi tives, including ,aliphatic sulfur species, could provide equivalent
favorabl e antiwear/extrenme pressure pegformance as allcylated sul fur
aromatics provi digaile: they are thermally stable and non-corrosive.
However, many sul fur-containing aliphatic sulfur additives, used by

t hensel ves al one, are not sufficient to provide anti-wear protection while
mai nt ai ni ng satisfactory anticorrosion properties as, denonstrated in exanple
4 and 5 of table 3. Lubricant exanpl® cempRsHIpn, EQEPEISHIZ, 0. 025 wt %
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on the scale forml to. 9, the.dirtier the.lubricant. Lubricant ex | e 6,
A0PS Tor mil at ed of 1 & aa il fibbiospabieuitRis g Bk o h ARG RerER L gher

| evel s %133- k i j t“%?(?‘{fﬁ:j : wn in table 3
for | ubfrﬁ:cecant éi%%%dépg?g?i%%%rfgp sulTu eg%n%ﬁgﬂ%Déoénégsﬁ?gﬁni ng formul ation
ils bel ow the | LSAC GP-thercdmpastiinhaving |€948dn F3@ PP phosphists,abasthhhe
viscosity increase profiles for a Goup V base stock with different additive
enbodi néH) EPMReine;y less thanuhBP@IPPM sulfng 1458 thap 8 dddNtandilesoidianyl .0 meightse
profiles for t runs for 7 wt% al kyl at ed napht hanates additives. Reference
numer al PASeRASPesent s vi scosity increase profiles for 7 wt% of THP ester and
14 represents a viscosity increase profile for 7% di basic acid ester

(adi pate ester). Finally, the reference nunerals 15 and 16 WD

2007/ 084407PCT/ US2007/ 000915 He cbposith 65 ERImMI BFQRk k¥nippiRage profiles
for 7 ww%and 1 w % ADPS additive respectively. 10044] Figure 1 denonstrates
t hat al plytdeduswddditivandestin ¢lse ioldnttnbt additipe ovicde tfaadwabi peecdhor mance
advant ages in oxidation control versus other group V synthetic fluids in the
pr esenc® BF cegwesitigfount of ashl ess anti oxidants. This performance benefit
was shown using the ExxonMobil Research Catal ytic Oxidation Test ("ERCOT").
In the ERCOT test, 50 ppm of soluble iron is added to 100g of test fluid.
The fluid is heatpd at 165C i dogngtisitids oPeialh Q0P o Hgﬁg;@%}, at a
rate of 1L/ hour. The kinematic viscosity at 40C of the cgta ed oil is

moni t orgldlidse whetsie theoobowh addieve Mhess thae 8amtighipeteaiitsof thetchmpdsitich. ar e
consuned, a significant increase in. viscosity is observed. The base engine
bil fornul ation has about 450 ppm phosphorus fromreduced ZnDTP, and a tot al
of 1.0 wt % hi nder gd phenol d allcylated.aryl ani ne ashl ess. anti - axi dants.
In the presence oF 7 wt % expefi PUQPEC g%nﬁ%ngqer compsingshsyl has
been in‘ﬁfd«?@é d by 70-80 hours in the ERCOT test. Even present in just 1 w%
ADPS, the oIl induction tinme can still be 40-50 hours |onger than synthetic
esters O al kyl at ed napht hal enes. Therefore, Figure 1 illustrates the strong
synergy of ADPS with an ashl ess anti-oxidant. (0045) Another inportant
performance featur.e of the diercemipdsitvemoef daimd wherein theeatmpoition has
conpatibility. To neasure_ after-treatnent conpatibility, a_series of engine

o0i | sarfpYiseosiyrlesspap 20:ePtat 408 “Eali % satprated YRictines gvith an degiae yalvueur

cont ai ni.ng,speci es as Ln Tahle 4., Thus he.fylly,fornul ated engi ne
oils st ﬁ%ﬁg@agﬁo&}@aﬁ Wélﬁﬁgﬁm}S? ﬂ'éangﬁn‘d'leéglg(?ﬁfcc?gt SSéﬁNQ#kI isted in Table 4.
Secondary ZDDP, Primary ZDDP, Thi adi azole, Sulfur-phenol, sulfurized ol efin,
and ADPS were studied. These fully fornul ated engine oils contain typical
non-sul fur contaiging per f omRnemLition yPslainahwAeret nisilkglarhenol s,

all cylated aryl am nes, ashl ess dispersants, netal and ashl ess detergents,
fricti amomatc torcantratiohda @t ieast, 0.5W2i2h0pero8a40dROTMdS2 Oty HORIGIR - 20 -
corrosion inhibitors, copper passivators, pour point depressants and seal
swel | 2ge¢ans of theecmp@tIHOBYI f ur cont ai ning species in Table 4 were the | ast
conponent s added. Sanples were volatilized at 250C for 15 m nutes using D
5800 and a conparison of the percent sulfur |ost between the new oil and the
oil remaining at the end of the volatilization test was nade. In a direct
conpari son of Table 4, primary and secondary zinc dithi ophosphates vol ati zed
at 12. 0% and 37.0% respectively. Commercial sulfur-containing antioxidants

o~ oA~ Y~ oA —~ s



Mly Dithiocarbannte 12.7 1 ZDDP 12.0 Sul furized O efin 10.5 Sul fur Phenol *
6.1 ADPS 2.0 [0046] All alkylated aromatics dissolved easily in engine oils
and remai ned clear and bright on the shelf at anbient tenperatures over
period of six nonths or |onger. Apparently, the stability of alkyl ated

sul fur aromatics-containing oils is sagjsfactory and they cause no adverse
effects to conpatibility in the presence of other commonly used additives in
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Besi des uni que, synergistic additive effects, it is evidenced that other

hi ghly refined, |low sulfur Goup 111111 based oils including both

hydr o- processed oils and | MP as well as other G oup | VN synthetic base oils
can be used to achieve favorable |ubricant performance. [0048] In sumary,

i n one enbodi nent, we have discovered a new class of |ow sulfur, |ow ash and
| ow phosphorous ("SAP") engine oils with favorabl e oxidation and wear
protection based on al kyl ated sul fur-containing aromatics. This offers an
effective way to reduce the anmount of ZnDTP for contenporary engine oils
whi | e mai ntai ni ng excellent wear, friction and oxi dation performnce as wel |
as neeting stringent em ssion requirenents. This enbodi nent further provides
favorabl e synergisns to simlar fornulations conprising al kylated sul fur
aromatics, base oils of less than 300 ppm sul fur, low |l evels of ZnDTP
wherein the ZnDTP contri butes | ess than 630 ppm phosphorus and/or | ess than
710 ppm zinc, sulfur containing additives and nol ybdenum cont ai ni ng
additives. - 22 - CLAIMS: 1. A conposition, conprising, a. a

| ubricating oil basestock; The composition o cladmSHihiereifi 9h¢ Bhdd f18ciasky! at ed
dromatic additive of at least 0.01 and |ess than 20 wei ght percent of the
conposi thesen from the group consistingaofirepe | Sbaze-stetke; grenp- I hbasei sterkss gstupm of

| ess than 15 wei ght percent of the conposition; d. a zinc

di t hi oph¥dBansteckaandigraupiV base séaeks, pasttokingids bgee stepks.omdtany conpositi on
-and no rmrﬁ.than . 0 Eei ght percent of the conposition e. the

conposi tP'GR! g@pﬁéer'eg s than 630 PPM phosphorus, |ess than 710 PPM zi nc,

| ess than 5,000 PPM sul fur, less than 8 TBN and | ess than 1.0 wei ght percent
ash.

8. The composition of claim | 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.

9, 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.

10. The composition of claim 1 wherein the alkylated

aromatic additive is an alkylated diphenyl sulfide.

11. The composition of claim 1 further comprising an

ashless antioxidant additive.

12. The composition of claim 1 further comprising a sulfur

free metal detergent.



.2.The conposition of claim1l further conprising a nolybdenum additive
wherein the nol ybdenum additive is |l ess than 2 wei ght percent of the
conposition. 3. The conposition of claim1 further conprising a boron
vadditive wherein the boron additive is |less than 8 wei ght percent of the
conposition. 4. The conposition of claigyld further conprising a sulfur
additive. 5.The conposition of claim1l wherein the conposition has a
viscosity less than 20 cSt at 400 C, fully saturated structures with an
iodine value less than 1 and a volatility | ess than 15 wei ght percent |oss
in Noack. 6.The conposition of claiml| wherein the al kylated aronmatic
concentration is at |least 0.5 weight percent and n re than, 8 wei ght
percent of the corfosition. Iheeomposition of claim ) TCOMPBBING 8 of claim
| wherei e base stock is chosen fromthe group consisting of group |

base stBBR§$“b$§§Bqdpﬁ“ﬁése stocks, group |V base stocks, and group V base
stocks, gas-to-liquids base stocks, and any conbi nation thereof

8. The conposition of claim1 wherein the dispersant systens conprises

addi tives chosen figom the group consiftibrgcant abditiatsgstentforeaninbriahed
succi ni m des, succinic acid-esters and am des, al kyl phenol - pol yam ne coupl ed
Manni chcanigasition, esripesngeonbi nati on t her eof 9. The conposition
of claiml wherein the al kyl at ed aronathg adaitive,is g,nan -alkﬁlagﬁ
conprising a carbon @nd & F canldining adpilgcd promatie additive.of legsdhprdl ¢ han

400: 1. . . The. osition of claiml1 wherein the al kyl ated

aronat | &eé%miﬁeﬁfé“ Pi’%%lugp@ﬁtg?ogipéﬁl@%%nw sul fide. o 11. The

gomposition of cla m.lafsufﬁlh%ree%f@%élﬁdlg%%garﬁ% SRAPoRRS MR herddall L1 ve.
2. The conposition of claim1 further conprising a sultur free netal

det er gemteightpRfeent 3f tHdhmbewamosinipasitiai; cl aim 10 further conprising an

aliphatic sulfur additive. 14. A |ubricant additive systemfor a |ubricant
conposi tion, conpri $.ng:zinc dithiophospahte addiaveaf atleagdhl avaighipeactntiadt ed

oot S o nd 88?0l BECGRE LT b AR 9t o o
| ess than 15 percentd_‘vxghgn(tylag&(awenw sﬁl%%elaﬁﬁfti\féam conposition;

1. The lubricant additive of claim 14 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.

16. The lubricant additive of claim 14 further a

molybdenum additive.

17. The lubricant additive of claim 14 wherein the

molybdenum additive is an organic molybdenum additive.

18. The lubricant additive of claim 16 further comprising a

non volatile sulfur additive,

19. A method comprising
a. obtaining a composition comprising a lubricating oil basestock,

a sulfur containing alkylated aromatic additive of at least 0.01 and less than 20



c. a zinc dithi ophospahte additive of at |east 0.1 weight percent of the
‘conposition and no nore than 1.0 wei ght percent of the |ubricant

conposition; d. an al kyl ated di phenyl sulfide additive 15. The
lubricant additive of claim14 wherein the total lubricant additive treat is
in the range of at |east 0.01 weight pgycent and | ess than 25 wei ght percent
of the lubricant conposition. 16. The l[ubricant additive of claim 14 further
a nol ybdenum additive. 17.The lubricant additive of claim 14 wherein the

nol ybdenum additive is an organi ¢ nol ybdenum addi tive. 18. The | ubri cant

addi ti veveddhtqetdin b6 thiaicdhposicionps dbpegant-derryetdhhibiios shdtem efidsd i ve. 19. A
met hod conpri si ng a. obtaining a conposition conprising a

| ubri cathamgl opérchetsesight Rercensof thercompusiion, mincadikdyibphesphateoadditive afldi ti ve
of at least 0.01 and less than 20 - 25 - weight percent of the composition,
a di spefeash@ldueighypercent- ol HecomposHiamansk ng gxe {lan! -ﬁswse%wfc%p ht
percent ,of the conpaosjtion, zinc dithipphosphat itdvwe of at least 0.1
he gt B eeosfoRREh s bt coPrrsiic RS RSPl B MirBhofselEnt of the
conposi iy j:0.t b 3 1939 : | ess
Chan_ 710 B GPERPHRC IS, RRRPROO0 EPRLAR Y, Fo5 (TR S URarortem: 0
1.0 meighmmﬂﬁmﬁ@nt ash; b. lubricating an engine with the

conposition to achieve favorable anti-wear properties, oxidation resistance
and cl eanl i ness. 20.bA hibricatingan engéinecwith theicémpositionxtnaobicvgdswarsblen an

i nternal conbustion engine,. conprising: ,a. ohtaining a conposition
conpri s?lﬁfg\%@ar@mn%?ﬁ,r?@(@wonb%g@twsg@ %le@ﬁmeé?- contai ni ng al kyl at ed

aromatic additive of at least 0.01 and | ess than 20 wei ght percent of the
onposition, a dispersant-detergent-inhibitor systemof |ess than 15 percent

wei ght percent of ,yhe conposition, z%nﬁ,emdmf&pggﬁ)?ﬁggﬂf@dmé}{h\égspf at | east

0.1 weight percent of the conposition and no no n 1.0 weli ght percent of
t he conpasses iman ildr@abcombhsticemgaetdomprisisg: ess than 630 PPM phosphor us,
| ess than 710 PPM zinc, | ess than 5,000 PPM sul fur, less than 8 TBN, |ess
than 1.0 wei ght per deabtaiming acompesiiiemeomgrising @ mbaicating edase stask, engi ne

With t hi? s&l%un;pgnsﬂtéih%)nng 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 thah 1.0 weight
percent ash; |

b. lubricating the internal combustion engine with the composition.





