TRUNK PI STON ENG NE LUBRI CATI NG O L COVPOSI TI ONS BACKGROUND OF THE | NVENTI ON
1. Technical Field [0001] The present invention generally relates to trunk-

pi ston engine lubricating oil conpositions. 2. Description of the Related Art

[ 0002] Trunk piston engi nes operate using various types and qualities of diesel
fuel s and heavy fuel oils. These fuels typically contain high concentrations
of asphal tenes, generally the heaviest and nost polar fraction of petrol eum
distillate. Asphaltenes are highly conpl ex conpounds believed to be conposed
of polyaromatic sheets containing al kyl side chains, and are generally
insoluble in lubricating oils. Wen heavy fuel oils and conventional |ubricant
oi | conposi tions MIRUNK FisTHRTEMSINEAIRSERUITRG (RO ICOMP@ TR UNK pi ston

engi ne, bl ack sludge (such as asphal tene deposits or other deposits) and other
asphal tene derived deposits (such as undercrown deposits) tend to form The
formati on gfadH@EGUShUOeHPINVERPRINY can adversely affect the service interva
and mai nt enance cost of the trunk piston engine. [0003]Presently, there is a
nove in the. reghashrBielin different regions of the world to replace Goup | base
oils with Goup Il base oils in trunk engine oils. Goup Il base oils

general |y henog) a | ovek pReTBiVeRticORLERy (AR ERHR plsidlaSEinQitSicatkBeieLY
resulting in a loss of heavy fuel oil (also known as re5|3ua uel oil)
conpat i bi | kénposhieps. G oup 11 or higher base oils are used in trunk piston
engine lubricating oils rather than G oup | base oils. It is believed that
this | oss of Degayiod di@le RidiedccOppati bility is due to the nuch |l ower solubility
of

[0002] Trunk piston engines operate using various types and qualities of diesel fuels
and heavy' fuel oils. These fuels typically contain high concentrations of asphaltenes,
generally the heaviest and most polar fraction of petroleumn distillate. Asphaltenes are highly
complex compounds believed to be composed of polyaromatic sheets containing alkyl side
chains, and are generally insoluble in lubricating oils. When heavy fuel oils and conventional
lubricant-oil compositions mix in different temperature regions of a trunk piston engine, black
sludge (such as asphaltene deposits or other deposits) and other asphaltene derived deposits
(such as undercrown deposits) tend to form. The formation of black sludge or deposit can
adversely affect the service interval and maintenance cost of the trunk piston engine.

[0063] Presently, there is a move in the industry in different regions of the world to
replace Group I base oils with Group II base oils in trunk engine oils. Group II base oils
generally have a lower aromatic content than Group I base oils, thereby resultinglin a loss of
heavy fuel oil (also known as residual fuel oil) compatibility when Group II or higher base
oils are used in trunk piston engine lubricating oils rather than Group I base oils. It is

believed that this loss of heavy fuel oil compatibility is due to the much lower solubility of



asphaltenes in the Goup Il or higher base oils conpared to G oup 1 base oils.
Cenerally, the problemof the | oss of heavy fuel oil conpatibility has been
typically addressed by increasing the anount of detergent-containing trunk

pi ston engine |lubricating oil additive packages. [0004] U.S. Patent Application
Publ i cati on No. 20080039349 ("the '349 application") discloses a lubricating
oil conposition containing (a) an oil of lubricating viscosity; (b) at |east
one overbased netal detergent; and (c) at |east one substituted diaryl
conpound. The ' 349 application further discloses that the |ubricating oi
conposition exhibits inproved asphal tene di spersancy in a trunk piston diesel
engi ne. _[OQQe')aHer_ﬁs irRat SRSup AR Hi gl b&@ofé@rﬂpﬁﬁﬁ't@@rolhplb%@gﬁgogééﬁaﬁy,(tﬁ(% he ' 387
appl i cation” di scl oses a lubricating oil conposition containing (a) a G oup

|| basest ogkebl@ndr hb)osdoRiy @bl dﬂrcoﬁﬁﬁﬁwﬂ;ﬁ? T %109%@&@43&?% ir%%g%%t ut ed

hydroxybenzoat e detergent having a basicity index of ‘less t 1387
appl i cat i onhd MhdAEst deleShiDBGintfafunk Bﬁtoﬁ%h%iﬁéﬁhbx%aﬁﬂﬁ’cﬁfﬂﬂﬁﬁg JEEL%%L. salicylate
han 2 gp a

detergent having a basicity index of |ess i Mproves a tene

di sper sancyoaa; G oupu k!l phas ashiRe $ kq Lan. Publ i cation
No. 200902)81100%9 ("the '1())09 a%%l i@?%ﬁ%ﬁgggﬁogg&ﬁ?%(ﬁ%?i%‘g?&%ﬁ%g%ﬁP

conposi ti OniieRERId BbAGiing 8) cBmpPRiRh AR P ool WrikatRB B ciidy: or a
G oup Il base oil; andl? ) gt P%%st one g%ﬁ@i%e%ﬁoconﬁﬁ?s?ngcanzhﬁ?qof an

al kyl - subs tibdsusR0vBN a0 %yRe el En@thdc) WRLE I Ae Jboli8RT i %oboddie TRl kYl
groups are C20 or greater, wherein the lubricating oil conposition I's a medium
or high soamd gipmbdidh i f0fher UaRIos@O0RaBR! LGt of L&Bﬁg@é’iﬁoq' é&ﬁb@%qﬁp%%} t he
conposition exhibited | ess black sludge formation, better stability agai nst
oxidation-Qg%@ﬂmgH§ﬁ§§h&ymgqgﬁg§§@n§Qgﬂgﬂﬁﬁ@ved detergency properties in | ow
sul fur marine residual fuels than lubricating oil conpositions containing a

convent i ongdoespl i cyltab epRas REL ISR BN atioh R8O hbb0933 At G 3PN IG@HPN
Publ i cati on No. 20090291869 ("the 869 égglication") %?éc?oszg&gkgﬂ%fﬁnk pi st on

mar i ne engidpelobdd ArhisRhtind®hitiomps @IROSIntahiRkl %5’ HRId il 1 Gask@dck@a & BpP addiraP@s €St oCk,
and, (b) an overbased netal hydrocarbyl-su

_ OV _ stituted hydroxﬁbenzoate det er gent
having a bapioGirbised Mot WBliroearByIQLbGHRAE 8 droRRehA& d%{%rgQM@BM?Q HIBER)
basicity i ndex of 2

hydr ocar byl - substi tut ed hydroxybenzoat e det ergent having a

or less, waekebfledsHRnnatihe R abfiRatBRSERL dRBLAL il hIRLREAR Bl erhRd [hGat e mass
of netal in detergent (c) is 10 or less; the trunk piston nmarine engi ne

| ubr i cat i NgaiRilateGRRALS Hal BB aBAVERUnEx TBN{ Hsh BInATIMD3806) d%@e&}m& %h 60. The

' 869 application further discloses that the conposition I nproves asphaltene
di sper sancyirbup 1FRsycikd basestocks. [0008] U. S. Patent Application Publication
No. 20090291870 ("the 870 application")

[0006] U.S. Patent Application Publication No. 20090281009 (“the ‘009 application™)
discloses a lubricating oil composition comprising: () a major amount of a Group I base oil
and/or a Group Il base oil; and (b) at least one detergent comprising a salt of an alkyl-
substituted hydroxybenzoic acid, wherein at least 90% of the alkyl groups are Cy or greater,
wherein thé lubricating oil composition is a medium or high soap formulation. The *009
application further discloses that the composition exhibited less black sludge formation, better

stability against oxidation-based viscosity increase and improved detergency properties in low



di scl oses a trunk piston marine engine lubricating oil conposition conprising
(a) a Goup Il basestock, and, (b) an overbased netal hydrocarbyl -substituted
hydr oxybenzoat e detergent having a basicity index of 5.5 or greater; and (c)
an overbased netal hydrocarbyl -substituted hydroxybenzoate detergent having a
basicity index in the range of 2.1 to 5.4, wherein the ratio of the mass of
netal in detergent (b) to the nass of netal in detergent (c) is 1 or less; the
trunk piston marine engine lubricating oil conposition having a TBN (using
ASTM D2896) of 20 to 60. The '870 application further discloses that the
conposition inproves asphaltene dispersancy in Goup Il basestocks. [0009]U. S.
Pat ent Applshg@t inofhePrbiliig at;d : 2 I:SGl 0SEes . reduci ng
asphal t ene precipitatio%ﬁ?%?gg%&€%$ﬁg%gggﬁaﬁﬁ%ﬁg?ﬁg,&%ﬁgm%%?ﬁ%gagﬁgkbding t he
step of |shilfylafcaabiieliRnengi ne with a lubricating oil conposition .
conprising, or made by adm xing: (a) an oil of lubricating viscosity in a

maj or anoungoe7pnd (Y g IAGYE &t k&) ¢ ! 2]
e i e ST S R

hydr ocar byldissi@g sttt e d; ' TuMMcbih ot 2 [ : i Gyl ate
detergent system does ggtt%ﬁ@ﬁ%%@ﬁ%&uﬁﬁc&%é%ﬁ&?ﬂi@ﬁo@?F}lgxtlée&?a %@Adp%y ,

100101V02094403314nd." b1 ks AP Rlesf B iR SR8 R0l debidyeant base

oi | conposition useful for a 2-stroke narine ese ngli ne cy oil, a

2-stroke mwiﬁ%g 0856 indRROF BS of YheMaal (o) aﬁ%@'@r@asﬁ%&tﬁ?ﬁrﬂb}fﬁﬁbgﬁlﬁ&? | engine.

The 1 ubri cant se oi |l conposition disclosed in appfication contains

(2) 2 basershagh.paDuLekon alink 888k S8 oakULALRN (Y HEOSALDONS, and (D)

0.2 to 30 wt. % of an aromatic (brightstock) extract. rg stock is a high

viscosity bageuDinl dWieahbhashlesRs GONMEINDIRALY P .f ,dual stocks
or bottons and hasfﬁﬁ%n %Pghly re%ine& and d%%g}gﬁﬁq@ﬁﬁﬁg%fQQE%%ﬁﬁ%a ion-

further di sehesasidcnaticdie &pmﬁ'&ﬂa@ﬁibmamdg ATENQHEnd AsPASE296] oo 30! OW

pol ycyclic aromatic brightstock ‘extract denonstrated | nproved viscosity ratio
and i npr ov e a6b AalicRibrMAh MERLIRE! A HBRGHsit Q0TI ks WaH spleshLabl e to
devel op a trunk p?iton engi ne |lubricating B col osi%?%nagﬁggﬁﬂﬁiﬁéﬁits

i nproved hgauduf Hehses@pRat i bi lity. SUMVARY OF THE | NVENTION 100121In
accordance with one enbodi mrent of the present invention, a trunk piston

[0008] U.S. Patent Application Publication No. 20090291870 (“the 870 application™)

discloses a trunk pisfon marine engine lubricating oil composition comprising (a) a Group 11
basestock, and, (b) an overbased metal hydrocarbyl-substituted hydroxybenzoate detergent
having a basicity index of 5.5 or greater; and (¢) an overbased metal hydrocarbyl-substituted
hydroxybenzoate detergent having a basicity index in the range of 2.1 to 5.4, wherein the ratio
of the mass of metal in detergent (b)‘to the mass of metal in detergent (c) is 1 or less; the trunk
piston marine engine lubricating oil composition having a TBN (using ASTM D2896) of 20
to 60. The ‘870 application further discloses that the composition improves asphaltene
dispersancy in Group Il basestocks.

[6009] U.S. Patent Application Publication No. 20100062957 discloses a method of

reducing asphaltene precipitation (black paint) in an engine, the method including the step of



engine lubricating oil conposition is provided conprising (a) a nmaj or anount
of a base stock containing at |east 90% by wei ght saturated hydrocarbons; and
(b) a base stock selected from the group consisting of (i) an ester base
stock wherein the ester base stock is present in an anmount greater than 10% by
wei ght and no greater than about 45% by wei ght, based on the total weight of
the lubricating oil conposition, (ii) an alkylated aromatic base stock, (iii)
a base stock having an aromatic content of at |east about 50% by weight,
wherein the base stock having an aromatic content of at |east about 50% by

wei ght is not an aromatic extract, and m xtures thereof. [0013]1n accordance

with a secapgiamodi BRAe Win amﬂ)reatﬁrggdﬂtcomsﬁﬁﬁd %pﬁ@n%,rdf%dpwa&ﬁixﬂ%gi ne

| ubricating oil conposition is provided conprising (a) a nmajor anount of a

base stock @omtal diubgcaing vRasskty A0enBr %&&E%@@? HLAkedi A REALRORS; - @and (b) a
base stock selected fromthe group consisting of (1) an ester base stock

wher ei n t henigst %o@ﬁ%mﬁﬁﬁﬁé dné R BSRMcuttl 80 oAFPMBS BLEAL €5t HRA XQY0 by
wei ght and no greater than about 45% by wei ght, based on the total weight of

the | ubri cafiie:rlsuarRaShiidy@ibs; fith thePovib ik #l-0diGTARkdGenPASRSdRSK, (111)
a base stock having an aronmatic content of.- at |east "about 50% by wei ght,
wher ei n t heoP@siBdsSiQfkli Ravdl Blic@lear omati ¢ content of at |east about 50% by
wei ght is not an aromatic extract, and m xtures thereof, wherein base stock

(b)(ii) is Ad{hﬁ)j er entwbhags1base (%9%4(@};16&&135&’% di&QQ&éL'lﬂuﬁ%ﬁ}fc%%ﬁ%ﬂr th a

third enbodi nent of the present invention; runk piston engi ne icating

0i | conposichinBdkition Lﬁéfgwﬁgﬁgd-sﬁgﬁaoﬁqwe&ﬁeséﬁéngﬁw 00 e FIAWroRE nBrilkAGEsept OCK
contai ning at | east” 90% by wei ght saturated hydrocarbons; and (b) a base stock

sel ected frAahd BRE AURANE ANSIdks HEriRf dibde) erhee SHEMUIRRSE raloGKcMREBLN t he
ester base stock is present in an amount greater than 10% by weight and no

greater thancRRAUL S < PbyppnliBhtcontias @ Phast Reck QBﬁtnii%@.D&hlEastS tvtk&.e %

| ubricating oil conposition, (ii) an alkylated aroma ase stock, (iii) a

base stock shavied Gyd@bcARTRh ) @Ah 801 OF ofthn 4r&Aftc (B ocRPIRY. Vel Ght . Wwherein

the base stock having an aromatic content of at |east about 50% by weight is

not an ar ongkk 6 &%idhadiloosiBNBhsBIoNt Whieh hhd1858 Uonv &Y %r(gﬁgedt frbthkeRdiSE ON engi ne

I
lubricating oil conposition is substantially free of oup | base oil.

i12015] I N ageekdanoRoms bt RasliREE hith SRR el NerHRT epe Mt RYL Riren, there
discloses that the combination of a Group II base oil and a low polycyclic aromatic
brightstock extract demonstrated improved viscosity ratio and improved oxidation and wear
performance.
[0011] It would be desirable to develop a trunk piston engine lubricating oil

composition which exhibits improved heavy fuel compatibility.

SUMMARY OF THE INVENTION .

[0012] In accordance with one embodiment of the present invention, a trunk piston
engine lubricating oil composition is provided comprising (a) a major amount of a base stock

containing at Jeast 90% by weight saturated hydrocarbons; and (b) a base stock selected from



provi ded a nmethod for inproving heavy fuel oil conpatibility of a trunk piston
engi ne lubricating oil conposition conprising a major anmount of a base stock
containing at |east 90% by wei ght saturated hydrocarbons, the nethod
conprising adding to the trunk piston engine lubricating oil conposition a
base stock selected fromthe group consisting of (i) an ester base stock
wherein the ester base stock is present in an anmount greater than 10% by

wei ght and no greater than about 45% by wei ght, based on the total weight of
the lubricating oil conposition, (ii) an alkylated aromatic base stock, (iii)
a base stock having an aromatic content of .at |east about 50% by wei ght,

wher ei n t hendbase, sdnSicknAVi)NE 2f2r AI:0REL ﬁh&%ﬂttﬁéﬁég&fba&; st{%cﬁqgs %ﬁe%ﬂpfﬁt a2 0% Dy

wei ght is not an aromatic extract, and m xtures thereof [001 accordance

with a fifthoeiediamnh 169, dheiRiesens %@t}éﬁﬁl&ﬁ Mt EPEH _VJegm?erS\éh @g & method

for operating a trunk piston engine conprising lubricating the trunk piston

engi ne wit . i i icat: ' it i.sing (a) a
g Hot® Wikt o RlcSLORa@IIbiD orhptRiibR i F\galg"%rllatge% gygsg@ﬁ%gé;sg RioEQTHD 2> N8 (a)

maj or anount of a base stock tontalning at a

hydr ocar bomgge sﬁ&@ghe(vmv%haﬁ RS G SEAGK oBRIEGLEM KO, WRGnI LALRINGRNSLSLbdg of (i)
an ester base stock wherein the ester base stock’is present In an anount
greater thap:il0% i ' &y, Lhan; : V\%HE t,.soased on
t he total mefg t o¥mﬁﬁ2aﬁﬁ%??§§9?ﬁg&§?%ﬁ%gﬁ%ﬁ@&??%ﬁﬁt%??%Béﬁ’a elgped
aromati c baggust Bekor (111) a basc stock having an aromatic content of at |east
about 50% by wei ght, wherein the base stock having an aromatic content of at
| east aboufoa@P6 by WeiaGltdahd: ORE AR HIOMRob X b %%Eﬁres@rﬂqn%é&ﬂraeéuxﬁ(her eof .

[0017] I n accordance with a sixth enbodi ment of the esent 1 nvention, the use

of a base $LRGknSAl RELGHS 5iPMIGIHOS RURWRRARLAHAAS @fa &égzr a%?)uﬁﬁ)tfﬁﬁai%ase stock

wherein the ester base stock Is present in an anount greater than % by

wei ght and std&k (gfn%ﬁ'ﬁx?g at tléﬁ?rr%%m%ei?}??ﬁﬁ%te%}f%?{arbolﬂésﬁﬁi | bm%hotcﬁ)géﬂctewei ght of

the lubricating olil conposition, ) an a ated ar tic base stock, (iii)

a base st ogknhaYidG, ARG Gn CORLSRE «&k v@ﬁeréir?ﬁéte?@%%k% 8% g%se%f'ng ht,

wherein the base stock having an aromatic content o east out 50% by

vei ght i s BELm@m StRBBhdnCI 08Xy \%‘i%ht afiflo %%&Hﬁéﬁlsdb&lhqg%q v&e@%lt,.tb%d Bl E)H%F’SG of

i nprovi ng heavy fuel oil conpatibility of a trun plstgh engi ne lubricating
oi | conposidid an; IS ' te;: 2 I NH: at | east
00% by wor Ght et nu e el RS P Ao T sB A TREC AR TR O Dase

stock sel egidiofil RMHNE aPHRAHP cGROSbEL 139 aBlut 60% bYNeRL ShelRSHR: %@&&Mef ein

the ester base stock is present in an anount greater than 10% by wei ght and no

great er thgniaboulodale &Mte}@@&f%ﬂtleast%gﬁ%o@@b}t 08 gh Ok @bt %P&?@%ticoéxggﬁ,eanldum i cating

oil conposition, (ii) an alkylated aromatic base stoc 1) ase stock

having an afQmed héeSORh&EGH b s@kk [8ES s cﬁi‘?é?éﬁtﬂ‘ég?{%laﬁo@bggﬂ): wherein the base

stock having an aromatic content of at |east about 509 wei ght is not an

aromatic epoifct . andadibrihitt SthtdBhEGhbddRndhs bf 4P repe'n%vé}lﬁeaqlimkhm&li cating
oi | conposition conprising a major anount of a base stock contal hing at |east

90% by wei ghtnc3rith@ianh &msgﬁa{-ggﬂﬁm%@mﬂgmﬁ@ﬁ %Q%{%&%ﬁfi A& fgavy fuel

oil conpatibility of the trunk piston engine conposition. In

addi tion, &Jﬁ%iﬂiﬁ%‘ﬂlfea@ﬂ. SOy @Qi%hﬂﬁtukdt% Hg?ﬁ)t:éllrﬂ&ls%ﬂd (GPIRRES LibdkQRR O] rhe Present

;
invention exhibit less black sludge formation than a trunk piston engine
| ubr i cat | Ndhe Ofdup CORBORL of 0 o QLA ReciORhoeiR uRASEr SAOS Uil HGnal | east
90% by wei ght” saturated hydrocarbons. ’
: amount greater than-10% by weight and no greater than about 45 % by weight, based on the
total weight of the iubricating oil composition, (ii) an alkylated aromatic base stock, (iii) a

base stock having an aromatic content of at least about 50% by weight, wherein the base stock



DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [0019] The present invention
is directed to a trunk piston engine lubricating oil conposition conprising
(a) a major ampbunt of a base stock containing at | east 90% by wei ght saturated
hydr ocar bons; and (b) a base stock selected fromthe group consisting of (i)
an ester base stock wherein the ester base stock is present in an anount
greater than 10% by wei ght and no greater than about 45% by wei ght, based on
the total weight of the lubricating oil conposition, (ii) an alkyl ated
aromati c base stock, (iii) a base stock having an aromatic content of at | east
about 50% by wei ght, wherein the base stock having an aromatic content of at

| east aboutnORYeRYrohli6 Bbnidr ofof eA 2P mu.givg%@mﬁm aﬁ‘%ﬂ%kﬁa% apder eof

The base stock containing at |east 90% by saturate rocarbons is
present in @i{RisQher@MDMHein BreGrunk BlioR TRUAL nBf&RLE bl LHANL RO g . based
on the total weight of tﬁ%nconﬁbs?tfbn.gln one e%bbggﬁ@ﬁtgﬁ%%%b aé%ﬁétock
cont ai ni ng fak oF £&8Jup 8% Ry Wei ght saturated hydrocarbons is present in an
anount of greater tﬁan 50% by wei ght, based on the total weight of the

conposi ti onegrsp anotiRel.GHRRLWBN ol CnlRTtet %&eﬁﬂ&% Rl Dfoflnd 35t 90% by

wei ght Sat rated hydrocarbons is present in an anourt greater than about 70%

by wei ght, RRsRA PhelldE bOtRroWR: By el {ﬁ? c&ﬂﬂg?i%ﬁﬁ 01 ¢ }?‘1&5 %Ré{xcg er

[
enbodi ment, the base stock containing at |east 90%by wel ght” sat ur d

hydr ocar bongoricsind! &6 &MpokifloR BoRSRUAL Rfiod lor LA fl It dp about
95% by wei ght ,C g%sed or%mtlh(é t%t al H{\%e% g Jto %‘?gérﬁé) con%o%?%%ﬁ?wﬁr% Egtlfals yet

anot her entooej BRRLichit HERAE By BRI QHKNC A a&n&&%@@%@%@%ﬁ@@é@g@ﬁ&{ﬂén sat ur at ed

hydrocarbons is present in an anmount of from 0 about 95%

by wei ght , chasebAhihhei oAbl Ghe Jafec%ey?gp&s&,é =Rl chARER] I, pase st ock

cont ai ni ng | east 90% by wei ght saturated ocar may C n one or

nore G oup edde DAS Qo IwierBAFAOEst@MBscOo IOk ﬁre%n?li'fgm;;ﬁlwlgl@%?ea@i # n3péd/ @/ a base

stock derived froma Fischer-Tropsch synthesi zed, waxy, “paraftfinic m@drocarbon

terial. € ol AAlabo A i abddlon ki ' itI
e, St baen ot Spunibess P AR IR |7

derived base oil ubricating vis as icati on 15009,

14t h Edi ti of.coRfSlandumm lan aRSfaredt@BaricARLe JUidRl] Dese d6kL gfk Begnalock as a

jr.d
t ;
| ubri cant conponent that may be nanufactureg'u5|ng a vari et ‘er ent

processes. chiGR bt auRnbl: sHASS RIS FRRFI Bk bise kBLavk ot RELEOLAU gler | ved

| ubricating base oil having a'total sultfur content eq to or l'ess than 300

parts per gl jkdst Ruf POy L@sh ISR bR Dkl My RidG2LmeAT M D 4294, ASTM D
4927 or ASTM D 3120), a saturates content equal to or greater than 90 wei ght

ercent (a term p TN o b $GOSL: f between
80 and 1(205ﬂl(ﬂg§] det e?lf?ngn‘g)\éda%% %ét'?Mg%@%)z%@HgT%toég]%% gllu%o%f I‘P'gﬁtg)éli(am&}ﬁi gs general ly

h | e T t in . ht
ave | ess pRaeBDRhe®BIYS Shitting aamﬁ,ﬁrpﬁlmﬁ egg]egg%sggp Qé]b?i?ﬁtt etﬁ%ggue(%gm\@@' 9

percent, and a VI of 120 or greater. tock
embodi mont e, Haee A C e g e 0 i B ot e
hydr ocar bopsa base stock containing at least 90% by weight saturated hydrocarbons; and (b) a base stock
selected from the group consisting of (i) an ester base stock wherein the ester base stock is
* present in an amount greater rthan‘ 10% by weight and no greater than about 45% by weight,

based on the total weijght of the lubricating oil composition, (ii) an alkylated aromatic base

stock, (iii) a base stock having an aromatfc content of at least about 50% by weight, wherein



[0023] The terns "Fischer-Tropsch derived" or "FT derived" neans that the
product, fraction, or feed originates fromor is produced at sone stage by a
Fi scher-Tropsch process. The feedstock for the Fischer-Tropsch process my
cone froma wi de variety of hydrocarbonaceous resources, including natural
gas, coal, shale oil, petroleum nmunicipal waste, derivatives of these, and

m xtures thereof. 100241Sl ack wax can be obtai ned from conventional petroleum
derived feedstocks by either hydrocracking or by solvent refining of the |ube
oil fraction. Typically, slack wax is recovered from sol vent dewaxi ng

f eedst ocks prepared by one of these processes. Hydrocracking is usually

preferred Qﬁgﬁg§ ST i 1 J: ntent to a |l ow
value. Wth s ac§°mgg&gg%?ééﬁﬂgé%%%%%@%%ﬁ?&%éﬁﬁﬁgﬁnﬁfﬁﬁéﬁgﬂﬁ?ﬁfﬁa&%ﬁy be used
to reduce gg%mpgﬁjﬂgﬁgﬁﬁﬂ %gnt. Hydrotreating of the slack wax can be used to
| ower the nitrdgen and sulfur content. Slack waxes posses a very high

viscosity iRAgx, nongaldoyahd: (P AAIERLin{hOM PO et (0cfidn 200 dgReNdi g on

the oil conte and the starting materia rom wax was

prepared. The rsﬁ»tg Eefocted 1?%&-};%%%% gﬁrfsﬁtal.l\%}%’%ft(ﬁ% %stgrq;aﬁ% %ﬁck%h%pe%{ ﬁ%} Ie&é} bgéeex a

Fi scher-Tropsc erive ng‘a very viscosity In

co0zs] The eyl Ret 498! HholiPLRL: AENRRL UBPaliTR LI AR 427 Rpm total

conbi ned nitrogen an I trogen I s” neasure xy feed

620 06, The A 6oL o B IR O P RPN SSARR R BLEF I AR BHaB o e
content s Oi)aéé’réiogéﬂf(gg§ bd3E AP mbxmﬁlgéeféoﬁkﬁﬁoﬁﬁﬁsaspabogyk%flbl\y/; Fagfasured by

mel ting the wax prior to ultravio uor escence 53-00. The

test nmethodqi.s:. f gﬁﬁ [FQS 0L . ontents of
V\:hiSCh are %#E%}ngge?%{égﬁo y ?e er ce!ﬂﬁd(:"(qe%l tlhjé:&etflﬁﬁ itd%%%i@}@’%’? giggighglgfq §1iani n t?li S
. ‘i q . . Dt in th
near 1 ut ur £ oRe RRELECald sRBoR P CE BENR SIS, SRRl el " 1T

product i 8? co@aﬁﬁﬂiw aRfuGR ﬁfs%ﬂ eLéﬂmubg&tlﬁé st (h,cﬁﬁﬁolﬂlgr? §&£‘pr&fn%%%ﬁa§ orcag{&ﬁtj Ses a

m xture
of a base stock containing at least 90% by weight saturated hydrocarbons is provided.

[0018] The addition of a base stock selected from the group consisting of (i) an ester
base stock wherein the ester base stock ié present in an amount greater than 10% by weight
and no greater than about 45% by weight, based on the total weight of the lubricating oil
composition, (ii) an alkylated aromatic base stock, (iii) a base stockr having an aromatic
content of at least about 50% by weight, wherein the base stock having an aromatic content of
at least about 50% by weight is not an aromatic extract, and mixtures thereof to a trunk piston
engine lubricating oil composition comprising a major amount of a base stock containing at
least 90% by weight saturated hydrocarbons advantageously improves the heavy fuel oil
compatibility of the trunk piston engine lubricating oil composition. In addition, the trunk

piston engihe lubricating oil compositions of the present invention exhibit less black sludge



various solid, liquid, and gaseous hydrocarbons. Those Fi scher-Tropsch
products which boil within the range of l|ubricating base oil contain a high
proportion of wax which makes them i deal candi dates for processing into

| ubricating base oil. Accordingly, Fischer-Tropsch wax represents an excel |l ent
feed for preparing high quality lubricating base oils according to the process
of the invention. Fischer-Tropsch wax is normally solid at roomtenperature
and, consequently, displays poor |ow tenperature properties, such as pour
poi nt and cl oud point. However, follow ng hydroi sonerization of the wax,

Fi scher-Tropsch derived lubricating base oils having excellent |ow tenperature
properties : g&ﬁg iption of suitable
hydroisonegggé?ggﬁag§QQX|ngopr Ce?@%&”ﬁ§§ﬁﬁgﬂﬁg§ﬂg“Pﬁ%Ey .méﬁﬁpmﬁﬁ@g§5,135,638
and 5, 282, o of : ' Lon lication No. 20050133409, the
contents o?égggﬁgg%$%ﬁ?%ﬁﬁgﬁggwﬁ§%%%%?§hggngggTeference herein. [0027] The

hydr oi soneri zation is achi eved by contacting the waxy feed with a

hydr oi soneri zati on catal yst in an isonerization zone under hydroi soneri zi ng

condi ti ons priner hy Ba RATBONASH AR KRA%ARKED PRIEOBNARLYS cOPr | ses a shape
selective internedi ate pore Size ; | e metal hydrogenation
conponent, a ref i T | ectiye intermedi ate
pore size r[r'?llg]cul ar Tgh?g)\t/r%%ésﬂg%ne %?ggﬁg&éde 0ecl‘%t e p?@%%ist%ﬁ%neglrluoﬁlﬁat%%nos}{fti ng of

SAPO- 11, SARG Ao %Eﬁsfe}%(gr?%ﬂ]m Flthesta ERGER £of {'}{‘Tg,éf Ig%f%ﬁflg%g%g{} 57,

SS7Z-32, Meat; ferrier xtures thereo ZSMP3,

and m xtur cal 0¥ hede I he,.nobl e net al
hydr ogenat ?%%&%gh%g{)leﬁ{(ﬁ?’gy {)fbgtg ib%%ﬁs]{orcgg?lf‘g%ﬁ%o%{ égg% r‘hﬁ ﬁ?nuSlrsgrég ‘?fl{g% 8561100281 The

hydr oi sonmegZi i 4 . \ d, use the .
hydr oi sorre?éil%a???lé%ﬂ(g:&gftngl]é;%t%e (1}2% ,&\lfx(ggf’%%?lt }é\%n%{owﬁ%y%%%ﬁny@tﬁ PSE8IE i ded, the
desired vyi WER rii t leélbic LR .balse il.
Preferred %%?%%E%ﬁre%?g?%g@égﬁg?ﬁ%g@’ héssg(? aﬁfﬁllentlaﬁhe &tr (r)f’eatrrlll? h?’rlil\(}gn iogln i ncl ude

Lemperat Ut esn@hiieh0f) R ARRML Ababid BAR JRKARAUE bl 2uddk naing O AirgBLROSUY € OF

15 to 3000 psig, and a hydrogen to feed ratio from about 08 Yo" NsCr bbl |

pref erabl y §romapaul aﬂrot_\k ?g/‘%%t?)g;\:%#gl@ V\Mél%:r{ IPQ hase Qggékehag{ng]ég L %pnlag% %orélgea out 4 to

about 8 MSCF/ bbl. Genera ogen wW e Separa rom dduct and

recycled t L SOIHe] il iy e ' ri-zati.on conditions
ar eypr ef er g}tﬁ:g;le%bgl I"or e%gg?%@gggalglﬁgﬁg%%f Eénqﬁig@’%e?g%gmﬁa@?enbgasegsr %t er than
about 5 wejghkni LD oparaffini ¢ functionality, and
nore pref elg(glttt;altlyp%é%\(}?d%gdg?gggvg’rgﬁ?ﬁ%&g%%?&%%séggﬂgn%glr%Iena - ﬁo?ueng’uergé’s W th
nmonocycl o } Gre ' Lt ¥oht] RS i i e RLeferabl ave a ratio
of mrecurgfsﬁi\}éu?}hgrn%%g%c%g* gv%’!]#}lthp% {éﬁ@t i@%@ﬁi\%h;tl ]E%'er%r% ocsg'lo}é‘s W'tth
mul ticyclo iRl | I b o0 A u " TIh fractiSons wi ||
typically ﬂgf/(gﬁgén\gitg%g%i@fs r;/dclE %lelﬂf% 'ge:%f’l g?ErStetb %%rq%gﬁé no%tnu%gcda’f]%dg cglfb‘e)%is by t he
equat i on: = L Wal=Yorchel [ Ch.x 49 nd _a. pou i,nt | ess
tﬂan oC. réﬁ‘égt?glb%léftnhelpoug?ea})[écft%%?\l?\nb%l %3% %gté)sb,a ?eﬁaogl - fcol?fal %fﬁht ?ﬁﬂ}ehe Vi
equati on r&jnﬁ,q) 10 / I t se '@e' . Qsi t.y. index is
det erni ned by %%(?I'I.pl\'/l_ ?%’é@%%@?’%@%‘%@ dl‘%g%_%fOr?I‘gﬁggﬁ%faéﬁ?a&jy,‘l’e“’ﬁgbgd‘?’?%%, t he
base st 0Cke AL ALAGLA & SR3Ey 3020 BouPLANL, AL WAt Ad. BYQLacrBORg Of at

d hy t Gcar b leasts”

| east about 95% By wei ght &Saturate carbons or a B&GE °89% by -

wei ght sat ﬂﬁﬁ%e%ﬁfiﬂﬁ@é&ﬂ{&itilﬁ. H’ln)%t MorAP %I%bc%ﬁ'{é{{?, tllré' b:gg gtte)ckoci:oln%ining at

least 90% by weight saturated hydrocarbons is present in an amount ‘of. greater than 50% by

weight to about 95% by weight, based on the total weight of the composition. In still yet

another embodiment, the base stock containing at least 90% by weight saturated hydrocarbons



[ 0031] Base stock (b) of the trunk piston engine lubricating oil conposition is
a base stock selected fromthe group consisting of (i) an ester base stock
wherein the ester base stock is present in an anount greater than 10% by

wei ght and no greater than about 45% by wei ght, based on the total weight of
the lubricating oil conposition, (ii) an alkylared aromatic base stock, and
(ii1) a base stock having an aromatic content of at |east about 50% by wei ght,
wherein the base stock having an aromatic content of at |east about 50% by
weight is not an aromatic extract, and m xtures thereof. 100321Suitabl e
organi c ester base stocks include, but are not |limted to, nonoesters,

di esters, Y @ht Iﬁ%%ﬁﬁmnt%@ﬂo&%oﬁm bymagmf, %oub%%%gg%%l r, BhLd GE e al l'y

consi dered oup V base stocks, which iI's a collection base oils that do

not fall i@%g‘&{ghgﬁﬁy&mJO&prase 0|I categories. Cenerally, the organic ester
basestocks are derived from ani ml or veget abl e sources. Naturally occurring

organi ¢ esjgpg are HaungkelshoRp) dmla § ali8.BYeR b %ve_%ﬁ?éamré%éd hydRRah@isdngl |, or in

veget abl e 0|Is such as rapesee cast or oi e organi'c esters can be

synt hesi zed, fiyin LEAGLhEY (}?f1 b&se%?lk Qﬁ"d/?ﬁ" dn oﬁhﬁfmﬁ’l‘ﬁp nf 023 3dManRagstaLs are

prepared by reacting nonohydric al cohols with nonobasic fatty acids creating a

ol ecul e bl FrfbIBhE (ASLAG- b IRAGURRG Wga@fﬁn?@ggﬁ%ﬂmﬂhmmﬂExo“ps

These products are generally very ['ow in viscosity under 2 cSt at

100C) and @f&ﬂgbhtba@é(toﬁeﬁﬁ}oy éjg?l{ﬁ ﬁ? sheoﬁ'l Q:Elé b@rhgy EHeEBlth Sder {/eQioﬁefE]: [311651‘ ers are

prepared by reacti ng nonohy s wth asi c acl s creating a
mol ecul e WijGh, yﬂs'@@snly'a@%@ﬁned%%ﬁhﬁfﬂhcé&m %@gr%thcﬁa&@h W fabhduMOr, g8tk €r gr oups.

The nore common di ester types are ad |pat es, azél at es, sébacat tes,

dodecanedi @Qése%mgﬂfd@ﬁleéhé?ﬁle a30d i BE Qiu%ﬁcan'téb ﬁeﬁﬂﬁpﬁ{ Gj*ﬁé‘&anufﬁﬁﬁugf esters
i ncl ude, by way of exanple, di(1- ethyl propyl) |pate I (3-nmnet hyl butyl)

adi pate, di § hﬁ adipate; di (2-ethyl hexyl) adipate, di(isononyl)
adi pat e, dlfﬁ%o %lpa%r0 ég(undecyl) adi pate, di(tridecyl) adipate,

d tet I J i nera c e itating 'ba; i d
(Iz(gﬁyleh;@?f I?Soﬁgiﬁgﬁtﬁba@& endalty fFRLOY LR derREl RBEiEating badeMBiX €

having a total sulfur content equal to or less than 300 parts per million (ppm) (as determined
by ASTM D 2622, ASTM D 4294, ASTM D 4927 or ASTM D 3120), a saturates content
equal to or greater than 90 weight percent (as determined by ASTM D 2007), and a viscosity
index (V1) of between 80 and 120 (as determined by ASTM D 2270).

[0022] Group I base oils generally ilave less than 300 ppm sulfur, a saturates content
greater than 90 weight percent, and a VI of 120 or greater. In one embo&iment, the base stock
contains at least about 95% by weight saturated hydrocarbons. In another embodiment, the
_base stock contains at least about 99% by Wei'ght saturated hydrobarbons. |

[0023] The ;cefms "Fischer—Tropsch_ derived” or "FT derived" means that the product,
fraction, or feed originates from or is produced at some stage by a Fischer-Tropsch process.

The feedstock for the Fischer-Tropsch process may come from a wide variety of



adi pate, di (1l-ethylpropyl) azelate, di(3-nmethylbutyl) azel ate,

di (2-ethyl butyl) azelate, di(2- ethyl hexyl) azclate, di(isooctyl) azelate,
di (i sononyl) azelate, di(isodecyl) azelate, di(tridecyl) acetate, di[m xed
(2-ethyl hexyl, isononyl)] azelate, dirm xed (2-ethyl hexyl, decyl) azel ate,
di [ m xed (2-ethyl hexyl, isodecyl)] azelate, di[m xed (2-ethythexYl,
2-propyt heptyl)] azelate, di(n-butyl) sebacatc, di(isobutyl) sebacate,

di (1-ethyl propyl) sebacate, di(1, 3-nmethyl butyl) sebacate, di(2-nethylbutyl)
sebacate, di(2-ethyl hexyl) sebacate, di[.2-(2-etbylbutoxy)ethyl] sebacate,
di (2,2,4-trinmethyl benzyl) sebacate, di(isononyl) sebacate, di(isodecyl)
scbacate, dif C S di idecy S cate i (isotetradecyl)
sebacat e, g?fﬁ?§§§g§§¥é%?ﬁ%?%é?%ﬁ?“%&%ﬁ%ﬁy§§q&%éﬁﬁggfﬂzP%F%?§%PHVFﬁ€§y|)

glutarate,\ggkjﬁgwﬁng&hKEQGHgﬁﬁﬁgﬁsgg@g;di(isotetradecyl) glutarate.

[ 0035] Pol yol esters can be prepar y esterifying one or nore polyols with

one or norgg@Pani ¢ GGl ds ﬁéng : ent. No. 6,462, 001, the
contents oﬁ mh?ch are incof%%?%?%%h%y re %ﬁgﬁkéﬁ Sgg%ﬁ?d?ﬂﬁd§§%?ﬁé% % of

pol yol est ekfer ik @Q060.L8r TPLE, , €0 e oL gani cids_can be
per for med by erl;e? hods knggv\%ﬂyior? £ elleg@?fg ofl{c%'rg hgd%a?rlrlp%aéc,ﬂg 'yT}@ﬁ%?%’csﬁcgﬁvaf‘ﬁsem to

defydr ati nge.6000en5ah | Ochi? RIBIRE SREREROTaAchd 63 3vale Theapal yols for

use in formng the polyol esters avi rom 2°FoPabout™ 10 car bon

atons and f}fy@m&a\@ﬁné Qs %E 11{33@9{{8)1%6' %&é&?gﬁ'fbo%@kiﬁ%wla?soolfedl%ﬁ%l ¥19:1|'o for use

herein is a neopentyl polyol" havin car bon atons. The termr heopentyl

pol yol ' " - a%okiaRdo DESCL IR GucR X W daCrdth CANSY -3V B giorg@%gnqntgl gr oup.

Exanpl es of these polyols in are no r@béﬁediol,

1, 3- I4Q) redhe Iofle T o. Is’ac % T} 9. 0I wer t
2 ot hyt P3Gl cedbemb B, 2R ARG ok it P RGEL B v he e

tyl § ' COT - C XCS B0S .iosi in normally in the
Dol e hy P S i nehl Tl posRER AT Nisgosity jodsp, normally in
2-met hyl - 24 . ndihg il cohte: 5 i ctia thritol,
G mon mer T el By 1B ABARAAE a6 Blondihd DR GREARAN G TN B A5 L "L G

o b ot oA T ock B RO YRba B8 PIRGRTAR 100F, DRND G Wiy BP0V 24

carbon atons. Exanples o ani ¢ acl I ncl ude, are not m to,

but anoi ¢ agi 'ggﬁg i i i i A nt anoi ¢ aci d, hexanoi c
acid, 2- e?ﬁ%ﬁﬁﬁtano?@ﬁgg§ﬂ?&%§%?§ﬁ§§§%g%ﬁh%%ﬁ%?“ﬁi%@%ﬁoic aci d, isoheptanoic
acid, neth | ohe i L e Gt j i i t - he oi(%n cid,
2-ethy|hexg¥%?€ acigﬁgg&%???%?Fﬁ%@ﬁ%ﬁg%§%?%% i%ga%?dE¥+§§%%?§n33cq%%fd,

3,5 5-tri - i i i j L.son i cid, .i.sodecanoi c
35,5 1 TSGR foagith, SORADRIC ARkl §AIRRERY Gueldh phseiecancl
Lot [ adecanaligu e dmohENAURS ah AnAilln D SBLANRCANA LRS! thagf! affecagel ¢ aci

2- et hyl hexadecanoi ¢ aci d, nonadecanoi ¢ acl octadecanoi ¢ aci d,
i cosanoi ¢ geindld isdurti® b Las /Nei Ci h n oic acid, .docosanoic
aci d, tetradocoganoic acfd, g- né?ﬂﬁff??%%ﬁ%ﬁ%ﬁ%%Q@fﬁgﬁﬁﬁﬂﬁﬁé“Pﬂﬁ%mﬁnd
qh&ﬁtt acigs.wqich ate a
. Tigr 10, ultraviole

m xtures t T¢ r; I Ci
cl ass of cgﬁgﬁﬁﬁﬁﬁ[ggﬁgéiﬂﬁﬁg‘%ﬂpﬁﬁg%h§g§§@g@b%%§%ﬁ in and a termna

car boxyl 2 Budeine BYhONR 150R5A0) STARY ASKUNEAHIALEL L RALLT AR dependi ng

upon whet her a double bond Is present In the carbon chai'i. ‘rhefefore, an
unsat ur at egs#addeYin@ CdiferRdst viich! £ ' 1 n its hydrocarbon chain
whereas a satura?ed fafky g@%ﬁaﬁgé&ﬁgﬂﬁgﬁﬁfﬁk‘gﬁﬁgg?h its fatty acid chain.
Exanpl es ofgosg)sat ur a8 wal h¥anGl gés ihi, iHrggte.egHetcfeﬁncoeFenﬁgntiﬁlﬂrgn ¢

I
nyristoleic acid, palnitolelc aci I C aci I'nol'enicaci aﬁH%Vhe i ke
and m Xt ur &g {GIcENe in AR BRu@las $RLULAE 8Gsch bty E)glﬁ]elsigciolégsgés. fu are not
limted to, caproic acid, caprylic a |§,_capr|c_d%|dg aurrcracid, ‘nyristic
aci d, pal minld GoRehich $heakd ﬁe&?%dﬁg%nggl?%@cﬁérﬁ" r@p%&l‘pprbcelgsecr})%{falriges%Ctrliigfurcal Jggnoceri C

acid and the |i ke and "m xt ures

10



[ 0038] I n anot her enbodi nent, the polyol ester is at |east one glycerol ester
such as a ¢4 to about C75 fatty acid glycerol ester and preferably a C6 to
about C24 fatty acid glycerol ester. Thc glycerol esters for use herein can be

gl ycerides derived from for exanple, natural sources, i.e., those derived
fromnatural sources such as plants or animals; synthetic oils and the like
and m xtures thereof. Useful natural oil include, but are not Iimted to,
coconut oil, babassu oil, palmkernel oil, palmoil, olive oil, castor oil,
rape oil, corn oil, beef tallow oil, whale oil, sunflower, cottonseed oil,
linseed oil, twig oil, tallowoil, lard oil, peanut oil, canola oil, soya oil,

and the li Kigru?u@q %ﬁi I%?nd 5%“ ¥ gg}&?ﬁﬁéﬂs %ngte%srcfixe(} l%ds& %r@&lcﬁqahchbbc}ll are not

limted to, synt et| romthe reaction nor e car boxylic

ot os ' QE R0 B OLAGEEELS: of orain NG Blorkd ASRLAYEen ARG LG, 11 e and

m xtures thereof. Itabl'e starting ol cont

triacyl gl ngeﬁpéaﬁdlﬁ% can Omglﬁ irt® ﬂ!:éﬁ]m%/ %ﬂf %c%%rdﬂl%lngﬁH‘%l‘ ‘?fso.]ini erl fied to a

glycerol noiety an be na ural or s etic Such as

triolein, tréﬂr(%&tﬁ?ér?&&wﬁ%l Rleq b rp?é llrl%]r g@ﬂ@@m é%uﬁ‘i@%%hé AR 815%};8“ Als. TAGs

are cormer crally aval em ca (St.

Loui s, fOCQSrS of &L B@enﬁ&pt ?&?ﬂe; ?gogl n' \?& ﬁtn%g'gal?ﬁ'ds&ﬁ(? ?thll&) Y§ peé}grgsﬁglé:rhe

foreg0|ng ycero esters can cont roma

preferably Gapt al t(i-}s QE?I}E#'S }%% R %Rﬁ%& L}oée%ésysug‘l? 9??1 ﬁ)ﬁ [and c1&id’ pofn?ver al

fatty acid noi er a aryin e source of the oi
The fatt I: I b d fatt
aci ds. Ex a%%?*%"é?"f’?ﬁ%@ %#%?@W%W e ﬁsé*%@fsﬁ"oﬁcﬁ‘d? SRR At
t ol I he lik
Yot ol o 5186t AR B el A AR LELE R8P by 0! SRRt Bt e 1 e
et e 1 O suifBRIRG ARk GR RV Rlelhes FADTL FaR6lif 1L AL N 2EN K AT ST C

aci d, palnltlc a stearl c aci ara acl enic acid |gnocer|c

acid, and Lesbikessangy mthpu{m{»ﬁﬁat%gfmﬁ%%mezeﬁoggr;qp%ﬁﬁy PR%huDe suppl i ed

ina fully ester d conpoun one [ess th |ed e.g.
glyceryl tpinsteaiples rate and gl yceryl nnnooleate
respectlvelf AS one §%gh¥%%hxh>gﬁghgﬁ?§%nll readily appreciate, the starting

material capabe Pl anhe dghioKSHeOldit il iow MELARLEN OIS S bLARL G, yeget abl e

oi | s have a nonounsat ur atty aci a ﬁ; based on
total fatt

s v BT o A B A TR R SR
(ramoe) . ; B IRALOMAT AP Sdmecs o R 1Bl Gl BR | £RS than 2%
eruci c aci IS a particu y us apeseed

nmonounsat ufn@feglgar s?etvg Bé I'BBFC%&?&?H (ﬁ@éen& 03% m &%ﬁit ﬂr7d0£4oe€£C?OfgL)§8€ E(Ef* Cfi‘Far ! y

useful . The nonounsat urate aci d content can npose

exanpl e, - Olihesdilitk fofdhcdtte pfik §08 WAL PG it Rkan PLUGIE RG] A bgp 1) OF
m xtures thereof. [004 ment, the po yo ers can be- glycerol
esters of Edﬁ%sﬁ%‘%%r &pd- ?I,@%ﬁhj’b-ﬁi,)SA#b-zu, SM-3, ZSM-22, ZSM-23, 7SM-35, ZSM-48.

ZSM-57, S8Z-32, offretite, ferrierite, and mixtures thereof. SAPO—]], SM-3, S87-32, ZSM-

23, and mixtures thereof are more preferred. Preferably the noble metal hydrogenation

component is platinum, paltadium, or mixtures thereof.

[0028] The hydroisomerizing conditions depend on the waxy feed used, the

hydroisomerization catalyst used, whether or not the catalyst is sulfided, the desired vield, and

11



CH - OC - R 0 CHOCR2(0 CH2- OC wherein RI, R2 and R3 are independently

al i phatic hydrocarbyl noieties having 4 to about 75 carbon atons, preferably 4
to about 24 carbon atons inclusive, and nore preferably wherein at | east one
of RI, R2 and R3 is a saturated aliphatic hydrocarbyl noiety having 4 to about
10 carbon atons inclusive and wherein at |east one of Rl, R2 and R3 is an

al i phatic hydrocarbyl noiety having from 11l to about 24 carbon atons

i nclusive. [0042] 1 n anot her enbodi ment, the polyol esters are conpounds of the
general formula (I1): 0 OC - R4 (Cl112)"

the desired properties of the lubricating base oil. Preferred hydr_oisomerizing condiﬁons ,
useful in the current invention include temperatures é.f 260°C to about 413°C (500 to about
775 °F), a total pressure of 15 to 3000 psig, and a hydrogen to feed rétio from about 0.5 to 30
MSCF/bbl, preferably from about 1 to about 10 MSCF/bbl, more preferably from about 4 to
about 8 MSCF/bbl. Generally, hydrogen will be separated from the product and recycled to
the isomerization zone. |

[0029] The hydroisomerization conditions are preferably tailored to produce one or
more fractions having greater than about 5 weight percent molecules with
monocycloparaffinic functionality, and more preferably having greater than about 10 weight
percent molecules with monocycloparéfﬁnic functionality. The fractions will preferably have
a ratio of molecules with monocycloparaffinic functionality to molecules with
multicycloparaffinic functionality greater than about 20. The fractions will typically have a
viscosity index greater than an amount calculated by the equation: VI=28xLn(Kinematic
Viscosity at 100°C) + 95 and a pour point less than 0°C. Preferably the pour point will be
léss than -10°C. "Ln" jn the VI equation refers to the natural logarithm to the base ‘e.
Viscosity index is determined by ASTM D 2270-93(1998).

[0030] In one preferred embodiment, the base stock containing at least 90% by weight
‘saturated hydroca;bons or at least about 95% by Weighrth saturated hvdrocarbons or at least
about 99% by weight saturated hydrocarbons is one or more Group I base oils. '

[0031] Base stock (b) of the trunk piston engine lubricating oil composition is a base
stock selected from the group consisting of (i) an ester base stock wherein the ester base stock

-is present in an amount greater than 10% by weight and no greater than about 45% by weight,

12



R7- G (CH2k | ("2" Il OC R6 wherein R4, R5 and e are independently aliphatic
hydr ocar byl noieties having from4 to about 24 carbon atons, R7 is hydrogen or
an aliphatic hydrocarbyl noiety having 1 to 10 carbon atons and x, y and z are
the sane or different and are integers from1l to 10. The conpounds of fornmula
(I'1) are known conpounds and can be prepared by known procedures and hence
readily commercially available. Referring to the R4, R5 and R6 groups, the
al i phati c hydrocarbyl noieties may be independently saturated or unsaturated,
| inear (straight chain) or branched chain and preferably have 4 to about 24
carbon atons, nore preferably 4 to about 16 carbon atons and nost preferably 6
to about 1 r <ot : ' -y d: . i e

Q)a&:ﬂ oﬁ% f%ta? E&%I gt, Qlﬁt;/ngubglrc&?xE o?lac'ampgs,nﬂgl, Fﬁ%%@iate%%g&héﬂ%%&

hydr ocar byl noiety suc way of “exanp I'near “or ranched chain

al kyl  gr ouRBRVIAGiih kel sth& AR anl QoRRELAR R B 1@&%%1%@%%%@&% {0 6

carbon atons, optionally contalning an aronmatic or ary 1es of
such polyolﬁg§gqﬁ§b%9 her ei nohog! of, b1 Eﬁ

trimethyl ol“i)r oﬁlane Tll%/tl8 gast r@ ds?%&éﬂggggg?to(}?gttelggsling? dgl?gol)l\/:-b’%| gsg"? mﬂ
hexanoat e) Lid-ReRtAnoate. tricaprylate, TMP tricapratc, TMP
tri(isonongﬁbaf%) and tﬁ@'ﬁ%&g#I 043] I n one enbodi nent, an ester base stock

for use in g {7 unks,Rlist 0BaRG0%bHRLIE NG W hieGOMBARLS (- ORBpRiche present

invention is an ester base st aving a kinematic viscosity of about 2 to

about 10 c3fes@l ﬂo@;%@sestér@,l s%g‘?.ﬁé‘ﬁ{e. efRQ .Inﬁ'ﬂés’toc@arg%%lrgé}%grac?)ﬁsééeté%g(grg%?R/. use in

the trunk piston engine ricating ol conpositi i nvention

IS an estefy, ; 1A%; [ ti ' ik inRf et ;pbout 10
to about L0 ea At oG g TR e L ST R ORI AP L o
use in the [ enqi : ..Ccat.l ' L esent

i nvention f%ﬁéf%%PE%%%??’ggg ,mgyg%%y%%&%%ki%kﬁﬁﬁgﬁpﬁgkéﬁnégSépéggm%{neopentyl

pol yol, su isflﬂms.yNatB}aﬂgb%}grﬂlléQ)E%lﬂ%%@tgrs‘ré%tflamﬁltin 'aﬁﬁlﬁf tgg @ﬁ)chaals 's mtoh%nd I%.?ilt gl’ at ed

nonocar boxyl 1 ¢ aci arbon atons and havi ng a ki nem

viscosity af &%@g&fabiépﬁs &t as %Ee%éela]alnﬁ' AL THENDRL TRDL can bESARESLy PaSE

stock will be present in thet p1 ston

by reacting organic acids with alcohols.

[0033] Monoesters are prepared by reacting monchydric alcohols with monobasic
fatty acids creating a molecule with a single ester linkage and linear or branched alkyl groups.
These products are generally very low in viscosity (usually under 2 ¢St at 100°C) and eﬁhibit
extremely low pour points and high VIs.

[0034] Diesters are prepared by reacting monohydric alcohols with dibasic acids
creating a molecule which may be linear, branched, or aromatic and with two ester groups.
The more common diester types are adipates, azelates, sebacates, dodecanedioates, phthalates,
and dimerates. In one embodiment, the diesters rinclude, by way of exa.mﬁle, di(1-
ethylpropylj adipate, di(3-methylbutyl) adipate, di(1,3-methylbutyl) adipate, di(2-ethylhexyl)
adipate, di(isononyl) adipate, di(isodecyl) adipate, di(undecyl) adipate, di(tridecyl) adipate,

di(isotetradecyl) adipate, di(2,2,4-trimethylpentyl) adipate, dijmixed (2-ethylhexyl, isononyl)]
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engine lubricating oil conpositions of the present invention in an anmount of
from about 20% by wei ght and no greater than about 40% by wei ght, based on the
total weight of the trunk piston engine lubricating oil comnposition.

[ 0046] Al kyl ated aromatic base stocks for use in the trunk piston engine

| ubricating oil conposition of the present invention can be nonoal kyl at ed
aromati ¢ base stocks, dial kylated aromatic base stocks, tri alkylated aromatic
base stocks and the |ike. The alkylated aromatic base stocks are generally
considered Group V base stocks. The al kyl ated noi ety can be, for exanple, any
I inear or branched al kyl groups of about C6 to C30 al kyl, such as those

deri d f edi(}- al l I t e - . age! ate, di(2- ti .
derl ved 11 o an oo R0Re! SELRALSUALIN. 2geny UL SBLG gt e
at | east Orﬁlﬁﬂ%ﬂ%@eﬁ Qgis@(fc ! ﬁtef !ﬁ@gmoxgg% éézglgglyclh iséon gc\:slyll)gzrgel%g%k{?:ﬁ(gégglé of such

si x-menbered ringS fused togéet’her or conn ructures
such as be 4 1 L ex £ ar ti.C ups can
nave 1rom 11 annarey Rl SePRT e AR i Rl p e R
desired, whgmRre- n [ Ng:ai 01 Ne,_ ‘sych as the ar tic
?Loups are en§§§¢gé@fﬁﬁéﬂb§%#¥%h3%ﬁ%§i%@kg&gggg%s ngﬁ €?P|ﬁ‘§§]F%af%her Wi th
e sanme orgdi r i P 0 a en
hanaIkyleﬁgﬁgréﬁhﬁﬁﬁ?kbﬂgk yt%%%g%$%§ﬁgﬂ€?%@%&%a)g% é?;fﬁ%€§6§@8&§ﬂ?table

fused and/ Q:Ebz@&ik,yéi@ﬁgth?i[) tdefacBeO0Y f—e{h%g%gﬁgeb%ct%{?y I%é[g-éﬂg%éllbhtg}l( é‘fe}:gﬂia °,

ant hr acene, phenant hrene, pyrene, indene, ap nza

aromtic grotn e anr o AREIRART SLPE L RednT) BYRLS B BRI s o

either co j i.l.ab ouy. i ng |l ndustrie nder the
KR Sor i oo isblithol) BUALAEPUESUEIT SHakue PSSR UholBE RIELES UNCEY

met hod knowdipRdih Ofy; (8 eti.cs ral. G ls, and
Bi o- Based Lugrgﬁghﬁggg )£§?§??§ gﬁ§é$@§%§9|§%§%9’é%ﬁ$%“ Fﬁﬁdﬁﬁﬁ% ’f@%itor),
Tayl or & FiggiGleBadedyl) ARarak39- 146 (2006), the contents of which are

i ncorporated by reference herein. NA-LUBE is a registered trademark of King

| ndust 11 es el al L EieIl el s Bk, QXAPL G ALKYAL S 2p 0Bt LEpbass, St ocks

such as al kyl at ed nap enes c e produc rom-t

aromatics W : i i her . al kyl ating agents
nown 1ot hane BT g R 0bte B Bk Fiea B0 OBl AP T2
catal ysts i i .S aGhd per i ysts. known.in the art.
Sui tabl o Lon PR Rl o Pl R g 6! GO R B e,
tetrachl ori I .Gt ar. 1%H§i uoride.. Acidic clays,
silica, orbgﬁﬁﬁ?%g$ggg akg%hgg?%%ﬂﬁé. gg?%¥§?8£§§ﬁ%f§?weﬁsﬁrﬁ%FP% S.

4,604, 491 ofind Bifm 19 éehy&‘d{iﬁgg?(lnﬁ?ﬁgtgﬁin el HesCRAL gk 47 Lci?dr %q&‘ﬁ'{lsﬁd?%%% enzene

trifluoromethane sul foni ¢ aci uoric acl or o

sul foni c agj . ' t j i dj olite catal ysts, such
as Zeolite é§?Z§H§§E???EE@9M§§%§%@L%%ﬁ@%??ggﬁg%ﬂggk*ﬁﬁﬁéﬁéfkﬁhmgﬁémgﬁbodinent,
the al kyl a i KA | in the trunk piston engine

| ubricati ngglgi ﬁogg%%éo@dﬁﬁ?%gﬁ S(':t Rﬁé 8% e gen?f ?ﬁ@ggﬁlt f:mb Hselh}her%% Safrount” from

about 1%b itght, o t 9 [ ' t.he 't ot.al .wei ght of the
Frunk pi st BAVS 18 0he o D0 lot MY M Bl ocBRSER ofol, 8 B Rl Bt ¢ ne
al kyl at ed gg; - i pr I nk. pi. st on_engi ne
Iubricatingggﬁﬁhggﬁggﬁﬁ??%ﬁgﬁﬁﬁﬁ#I§R%Pé§§%§ |%@§%%?§%5@%“§HB%§%U%F“8 from
about 5% by, wei ght| »t % Lght,, I .ot al, ,wei ght of the
IubricatindnoiIg%éﬁﬁ%??@?%ﬂffgaﬁgﬁg%ﬁg??%%%%@%%ghg?béﬁgx%qubg?% 5$bnatic

b t ocko ki1 be;, tJ 8= W R i L ln%e t-n L .
ase stockowipli 1,?% PLRIRAL I8 l'beb‘}tﬁui'}#ﬁl!% Se801 eNg 815, ¢ Al hBe i by wei ght

conpositions.of the present I nvention’l n amount” o om

to about 39%0@/ 2,"2@-@%&3{9?;§$gnt9ﬁ'&drolﬂez,i-ﬁfeﬁigflp%iar%m,3-9{01,tﬁdfb&?fpi‘o%gﬁei-lr,'?— oil

conposi tion:
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[ 0049] The base stock having an aromatic content of at |east about 50% by
weight is known in the art and includes those highly aromati c base stocks

whi ch are recovered fromthe refining of petroleumderived feedstocks, such as
by fluid catalytic cracking (FCC and the rel ated TCC process), coking,
pyrolysis, and the |ike. These base stocks are generally considered Goup V
base stocks. In one enbodi nent, a base stock having an aromatic content of at
| east about 50% by weight for use in preparing the trunk piston engine

| ubricating oil conpositions of the present invention is one or nore of FCC
light cycle oils, FCC mediumcycle oils, FCC heavy cycle oils and m xtures

1 o zed vl yTTae? BN R O PR KN RIAGHR0. (R Y BRBRN" 87y ™
and About - SaE A0 ey ek OB e e T 211 Ui i zed cat al ytic or acking
R S i L ol T i S T L A
Catal ytic rach o oy ran hgans el o slfine sSHE AL GRS hihindl Bt

Met hod D53(BZ%nﬁb "Jaﬁgwxob%ﬁ&is 2id "p%&&% i%og% @ygg@g{gé bagﬂi fg%\go g 6<g%b9.i ling

range di stribution between about out ) that are

produced fr i:di z ca i racking m avy 0l _gontent is
determ ned e@g}b%#l\l/lgwbi&ﬂdéd %%!%Ef{aﬁf%%gﬂn agne%gzl , agﬁFC('foﬁég%Iﬁrﬁ cf?g e oil can
be a m xtu BN 500;HiaciBN . i . . M fr about 5%
by wei ght ?%ﬂg cés)}ut 1%13’%]%%1%%1%@1&%%@%&5%% ilggfag?ur:oa%c{’inb%%}wlg?%ﬁ%{/ a\%g; ght to i
about 50% = Hi.ar onati,c f.r U 9 I t 35% by
w6l ht pol S5 oy s sPn B AR oi P £33 b SRR PA R ol Ba R0, 17

i nclude a nopa@hoiE d{rgsggéle;}oma&, Bbinde B YaclaCE FRMAILEYEIL Bidaitd the 11ke

and m xtures thereo n one e inent, the base stock having an

aromatic CQH&,e%a(?é;ca%Ec Iaaa,sheﬁ &uﬁoiggz%?dbme b ttoicMalil Qc,eca @Eﬁ‘l%icsgﬁg’,k}ha\/i ng an

aromatic content o 'east about pércent by wei ght of aronmati’cs.

00527 | j .ot . k j . i f at | t
bbout | ooty RERALRELeia! ha0Ra%ie LOf UL ILALAIOTY! EolRIL S & 2 e
oi | conposi.t.i - 1 r i . ony i 1% Db

okl gt Lo el Bloic 2% ALEaRMhIERE A, Bl R teRlod LR, 006 hg

oi | corrposhlte{hg&icogg}lo@rhggd%ggé?%gQl;m&mresttgﬁ&ase stock having an aromatic

content of at | east about y wel g1"|t W be present in the trunk piston
From about B3y el ohTaeabsc Aob oy ey BREE SRt o SRR Ar bBpBReALP R O
an aromat | oA Ent EroReet b BB SRRRE B ple MRRE AT TR
trunk pistan,aaghie bHRLLEH Lg@,&gcgmg%@getaﬁgqg%%fqg%%%t BéhaPeaeRh: EYRNLIion in

an anount of from about y wei ght, based on the

total wei gRfarQhartoll @ndih UHSerBlord QR ufiRE A& fH'aLiE TR A9eR bnelRTRRTLA Bl

hydrocarbon chain whereas a saturated fatty acid has no double bonds in its fatty acid chain.
Examples of unsaturated fatty acids include, but are not limited to, myristoleic acid,
palmitoleic acid, oleic acid, linolenic acid and the like and mixtures thereof. Examples of

saturated fatty acids include, but are not limited to, caproic acid, caprylic acid, capric acid,
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[ 0053] The base stock having an aromatic content of at |east about 50% by

wei ght is not an aromatic extract. In general, an aronmatic extract is an
extract that can be nmade by the treatnent of at |east onc refinery process
streamin a solvent extraction process. Solvent extraction processes include
contacting the at |east one refinery process streamw th a solvent such as
neural, n-nethyl pyrrolidone, sul phur dioxide, Duo-Soirmor phenol to
selectively extract fromthe refinery stream aromatic heterocyclic materials
and to forma solution of these materials in the solvent. The solvent is then
recovered fromthe solution for recycle to the extraction process; the

resul tant prgdugh aE;Bejlaaﬁﬁﬁ%&HCst%E 2881 aradnQO4) T enSRMH R B A &iOf

DG
aromatic extracts’ gﬂﬁkomn nthe art and 1s describéd, for exahple, in

"LUbrICantaaaﬁﬁjﬂbhf@ﬁﬂégﬁﬁﬁgﬁgﬁg§SIng" A. Sequeira, pages 81-118, pub. Marce

Dekker Inc [0055]The aromatic extract may be a residual
aromatic ewsﬁpt , White B, YRy eJ%oJr@ 519&%%@&@& feﬁ})taﬁb ggf&fo%étér%dpésodcess of
sol vent deasphal ted vacuumres known as made usi ng Duo-Sol Tm

propane, Db ang,f Il 1%&}‘5:;?&5 %1%&?%%&& ﬁﬁl ﬁr&@mﬁ?' aVENh aE&H’t AhEudsas B{i/%é bl NQ.

[ 0056] The aromatic 6xtract distillate aromatic extract AE) which is

an aromat i Gst&tX t"_[rhg(\g%ycém%tepsyfox L& d{é‘g{l{all 'b@ fgﬁ@erﬁl& &&R’Ed R6nPoP le HJturQ]

distillate streamtfroma vacuum I'on process. e distiflate aromatic

extract cag,he.a .d rﬁ%&ﬁ%&h%ﬁl bRk BLREBLLE 2 &3 T G aniib1 S @¥ﬂﬂ$et1@ offigid | late

aromatic extract whic as been subjected to at |east one Turther treatnent,

e, g. hydr%rl&@taﬁﬁﬂ?mﬁa HeREL NBLdaA RatullY 91 QLGS I el B Lid R 1o ClR¥ndt bRat ment

aci d treatnent and urt er solvent extraction. [0057] The aromatic extract may

Ba\zlgo‘;m ar @RRkd,C1, AR IRl 8, B bR, R VR! GBbr 3, MR KN IRV PR PBASHLE] DYy ASTM

whale oil, sunflower, cottonseed oil, linseed oil, tung oil, tallow oil, lard oil, peanut oil, canola
. oil, soya oil, and the like and mixtures thereof. Useful synthetic oils include, but are not
limited to, synthetic oils derived from the reaction of one or more carboxylic acids with one br
more glycerols, e.g., glycerol triacetate, and the like and mixtures thereof. Suitable starting
oils will ordinarily contain triacylglycerols (TAGs), which contain three fatty acid chains
esterified to a glvcerol moiety and can be natural or synthetic. For example, TAGs such as
triolein, trieicosenoin, or trierucin can be used as starting materials. TAGs are commercially
available, for exérnple, from Sigma Chemical Company (St. Louis, Mo.), or can be
synthesized using standard techniques.
[0039] The foregoing glycerol esters can contain from about C4 to about Css and
preferably contain about Cg to about Co4 fatty acid esters, i.e., several fatty acid moieties, the
number and type varying with the source of the oil. The fatty acid moieties independently can
be unsaturated or saturated fatty acids. Examples of unsaturated fatty acids include, but are

not limited to, myristoleic acid, palmitoleic acid, oleic acid, linolenic acid, and the like and
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[0058] The distillate aromatic extract may have a boiling point in the range
250 to 680C, which may be neasured according to ASTM D2887. The distillate
aromatic extract may have a kinematic viscosity at 40C in the range 5 to 18000
m2/ s, which may be neasured according to ASTM D 445. The distillate aromatic
extract may have a kinematic viscosity at 100C in the range 3 to 60 Mm®/s,

whi ch may be neasured according to ASTM D 445. The distillate aromatic extract
may have an average nol ecul ar mass in the range 300 to 580, which may be
nmeasured according to ASTM D 2887. The distillate aromatic extract may have a
carbon nunber range in the range C15 to C54, which may be neasured according

Lo ASTM D288 urclifer S Hhkh Ao AR QMR e YEARENIRYuNBY ot RLATRL e ont ent i

the range 65 to 85 weight % iC y be nmeasured according to ASTM D 2007.

[ 00591The reqi AYakic af; | o : AN At .of ter than
3800, wihi ch ey B R e Y R Bl 08 R e vt 1 ¢

extract My hayedo kid BBk AidSERSH Miedhd A0Gu QL ngkgat than 4000 m2/s, which
may be neasured according to ASTM D 445. The residual aromatic extract may

have a ki nggmpi C Vi SARSEH Yodky h80G & pﬁéa%aaﬂfg%sté%e@a&ln SronMnfel iRy be
Th ua

measured according to ASTM D 445. resid aromati ¢ extract may have an

average mohaculArrRegeatd ¥ LaALGLrfINALALR, IS BN 2R eang%‘?fc%ry? fAgcording to
t may a on nu

ASTM D 2887. The residual aronafic extrac ave car er range of

greater thanae2RciVehh ABe Q@uéﬁ%ﬁ%&fﬂw@ﬁe&ﬁ@!a&geéige,/ﬁ%wn@lééﬁﬁzﬁaiIz!he resi dual

aromati c extract may have an aromatic content”in the range to 85 weight %

whi ch may g pRARHI&DIRGCOL L. ?letoﬁls.ﬁ%g veQ%bie @ ﬂmjamﬁohﬂs%l‘atéai &hPN engi ne

| ubricating oil conpositions of the present invention can have any total base

nunber ( TBN;qthatnt i0§atsléé,istta%91|1t%0%95asl:‘§ En lothl Eﬁt&*?&d anﬁérf?,rhn@ ﬂgiuﬂ&%or e-ggﬁ'i 1‘316 rm“total

base nunber” or "TBN' refers to the anount 0f base equivalent to I'1igrams of
KOH in 1 9&%@&9& ADES, subibRer MhGfRRus) BN yBUFP RS Scih &t coiP(Bea? I ne
products an fhe#gforé&hmbrea?épﬁalkaf%%iee regg?Ee. Thg %@N(J% %E%birunk

pi ston engicpgpk Ykibal bROnOidowkRIPAShAdBRS GRNCHBIRASHEE %D Yes@tn §Pd table
met hod, such as by ASTM D2896. In general, the trunk piston engine [ubricating

0i | composkftRnNgidcam B&H&le@ity-[g@fupifapésteed §2Sbid A, 4 %IOHM?ls‘cﬁﬁl%te@ m@rgﬁcﬁ nt, the

trunk piston engine lubricafing oil conpositions tan have a TBN om about

20 to aboutefly of B 1BRPYIE %re%%ﬁﬁﬁl% ubdif, iy %n%rﬁ&t&@te@@&éfr%id fhcating oil

conpositions can have a TBN of from about 30 to about 50. 100611The trunk

pi ston engichfhd Whbb&abl M QirhplC AMRORS dQDS, RlosdnbR 2BHFESM e 8RS [@gpcan have
any viscosity that is suitable for use in"a trunk piston engi ne. neral ly,
the trunk ophste©aaisne |ubricating oil conposition can have a -viscosity
ranging fromabout 5 to about 25 centistokes (cSt) at 100C and preferably from
about 10 t oaout 2Q, o AbodtA0E: hENBIN $6QFIchY bOTeikhil LhiDkr BeSiQB£NYI ne

|l ubricating oil composition can be meadsured by any ‘suitable method, e.g., ASTM
D2270. formula (I): : '

0
CH; oc—R'
‘ 0
CH——— OC == R? (0
‘ 0
CH; oc——R’?
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[ 0062] The trunk piston engine lubricating oil conpositions of the present

i nvention can be prepared by any nethod known to a person of ordinary skill in
the art for making trunk piston engine lubricating oils. The ingredients can
be added in any order and in any manner. Any suitable m xing or dispersing
equi prent may be used for blending, mxing or solubilizing the ingredients.
The bl ending, m xing or solubilizing may be carried out with a bl ender, an
agitator, a disperser, a nmxer (e.g., planetary m xers and doubl e pl anetary

m xers), a honogeni zer (e.g., a Gaulin honogeni zer or Ratline honbgenizer), a
mll (e.g., colloid mll, ball mll or sand mll) or any other m xing or

di sper si Ng yREGUIRRIERt adNOWR fnflefeh®n® aligh9RB6R kit RaBPEnEERULARN to 436 Asr Unk

pi ston engine lubricating oil conpositions of the present invention are

substanti akl¥od £:68s Qfer@a6F 24P aoub 8B EarRin! a:toxﬂ-s}"i%clﬁiﬁcé]hﬁcﬁﬁl&%tﬁéf&ﬂaﬁy hefelee as used
herein shall be understood to mean relatively little to no amount of any G oup

| base oil 4 RaBone AR ATOHAR’ES SaurdriiaDa B hy’é%?c%ylviﬁ&i%]thaviﬂé giedRb po | ess than
1% by wei ght, and nost preferably | ess than ‘about 0.1% by wei ght, based on the

total wei ght,Qf abf€ink lubiOKaRi wileddin §NEAHENd DL RBLIANG iObd aGRIROBidtJcBy1 The term
"Goup | base oil" as used herein refers to a petrol eumderived |ubricating

base oi l hﬂ-s\bﬁéﬁgh(f%ix@%}oﬁfﬁt@%b&;@@&&J?Eonodftmﬁs%c‘iustimn 90 wt. % (as determ ned by
ASTM D 2007) and/or a total sulfur content of greater than 300 ppm (as

det er mi ned ;i ASTM B, 26822 SIMiRRt284, poNl MslarA 22 7copoRt M Dnd 1Qdrand has a
viscosity index (VlI) of greater than or equal to 80 and |ess than 120 (as
det er m ned ghy,,,AgEM D2270) . [0064] The trunk piston engine |ubricating oi
conpositions of the present invention nay al so contain conventional trunk
pi ston engine |lubricating oil conpositi®n additives for inparting auxiliary
functions to give a finished trunk pistpn engine lubricating oil conposition
in which these additives are dispersedor—dr$sol ved. For exanple, the trunk
pi ston engine lubricating oil conpositions can be blended with anti oxi dants,
ashl ess di spersants, anti-wear ageff®&) detergents such as netal detergents,
rust inhibitors, dehazing agents, dknulsifying agenti@ met al deactivating
agents, friction nodifiers, pau_pointccappressants, ti foam ng agents,
co-sol vents, package conpatibiliserpg, corhgslion-inphibitors, dyes, extrene
pressure agents and the |like and niggyr s thereof. A variety of the additives
are known and conmercial ly availabfeizﬂ ese additives, or their anal ogous
conmpounds, can be enployed for the preparatirdn of the trunk piston engine
| ubricating oil conpositions of thc invention by the usual blending
pr ocedur es whE@REE] RE piheé REnira tridvigen dooaippliplsatio fhydmotdrioptinkaettes hiavied érde, 4 but are not
[imted to, amnic types, e_g., diphenylam ne, phenyl-al pha-napthyl -am ne,
N, N- di (al kybguhemnyhhbombionesk’ anddaleky bate dighhénidesverbgl anietyelsivinghletnoll cs such
as, for exanple, BHT, sterically hindered al kyl phenols such as
2, 6-di -t er tarbatt ybphembk, v 290z die-the sdmebart differpatcand sial ingpets from 1 to 10. The
2,6-di-tert-butyl-4-(2- octyl-3-propanoic) phenol; and m xtures thereof.
[ 0066] Repr esepiuadd Mdoendnl) as: lebwashipasiddisien dapteparkdby ey dreded@ese not
limted to, :

and hence -readily commercially available. Referring to the R*, R’ and R® groups, the

aliphatic hydrocarbyl moietics may be independently saturated or unsaturated, linear (straight
chain) or branched chain-and preferably have 4 to about 24 carbon atoms, more preferably 4
to about 16 carbon atoms and most preferably 6 to about 10 carbon atoms. The R group can

be hydrogen or an aliphatic hydrocarbyl moiety such as, by way of example, a linear or
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am nes, al cohols, am des, or ester polar noieties attached to the pol yner
backbones via bridging groups. An ashl ess di spersant of the present invention
may be, for exanple, selected fromoil soluble salts, esters, am no-esters,
am des, imdcs, and oxazolincs of |ong chain hydrocarbon substituted nono and
di carboxylic acids or their anhydrides; thiocarboxylate derivatives of |ong
chai n hydrocarbons, |long chain aliphatic hydrocarbons having a pol yam ne
attached directly thereto; and Manni ch condensation products formed by
condensing a |l ong chain substituted phenol w th formal dehyde and pol yal kyl ene
pol yam ne.. [0067] Carboxylic dispersants are reaction products of carboxylic

acylating aaa0MS a3 (ARRAILRSm CRIBOR: 10%:fooh. SR TGaAY 1l G751 about

34 and preferably at about” 54 carbon atons wt ogen tontal ni ng

conpounds a )i : ' , ds;y A tic
conpounds ?%ggﬂdﬁﬁﬁﬁﬂ%ﬁﬁﬁ%d¥@%ga d&b%¥§ﬁ%§%i§9ggggﬂo%§, %gﬁ%¢%Hng§Q€onpounds
i ncludi ng pb ; G ' ) g 1nese
reaction prgé(}% g(%rzlse?ﬁégf ﬂg—gn{dﬁfﬂ ggslre nam%gerg,tp’gﬁgl&gglte g’r;' g i @8@%@% %%“?ﬁ N de

di sper sant . a6engd Yigy O&i(ﬁaﬁﬁpﬁéﬁgﬁ&feﬁi TOR SALINRY AUP RLAiGed il reacting

hydr ocar byl - su futed succinic acyl ating ageht w th organic hydroxy
conpounds, tr%ﬁ?r‘ﬁfetﬁdﬁ L A RorG QIR hid gﬁ%ﬁ | east one hydrogen atom attached to a
i ture of the

nitrogen ato or with a mx e hydroxy conpounds and anines. The term
"succi ni ¢ gEMbAti Ng 1AQENt L ERELS af Qﬂé’r %9@1{39@"&9%6 iRt {r&nh%teﬁgoﬁ%g‘%ﬁe!“ c acid
or a succinic acid-produci ng conpound, the latter enconpasses the acid itself

Such Mt er hithiSadn Bl 6ihbokido A bHACHRNAL ﬁa@aﬁi)m{gshag%ﬁg{ ek GG h?%'ig%% Fingmgtﬁj ds,

anhydri des, esters ( udi ng esters I des. uccl ni c- based

di sper sant g;saye o085 §b ¥%@Jt 1668 U‘Ir?ﬁlotl%P %ﬁdﬁ%&ﬁ?‘, an %u}?rab%@&%b&%rr

succi ni c- based di spersants nay be represente
\ 19-1-R2- uhHh Tre (RAK pNton engine lubricating oil compositions of the present invention is an ester

Rl---CC

base stock having a kinematic viscosity of greater than about 10 to about 100 ¢St at 100°C.
[0044] In one embodiment, an ester base stock for use in the trunk piston engine
lubricating oil compositi(;ns of the present invention is Priotube® 3970, a polyol ester which is
an ester of a neopentyl polyol, suitably trimethylolpropane, with at least one aliphatic,
saturated monocarboxylic acid having 6 to 12 carbon atoms and having a kinematic viscosity
at 100°C of 4.4 cSt,

[0045] In another embodiment, the ester base stock will be present in the trunk piston
engine lubricating oil compositions of the present invention in an amount of from about 20%
by weight and no greater than about 40% by weight, based on the total weight of the trunk
piston engine lubricating oil composition. |

[0046] Alkylated aromatic base stocks for use in the trunk piston engine lubricating
oil composition of the present invention can be monoalkylated aromatic base stocks,

dialkylated aromatic base stocks, tri alkylated aromatic base stocks and the like. The
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11-C -Cs, """ NzZfi HO wherein each R is independently a hydrocarbyl group, such
as a polyol efin-derived group. Typically the hydrocarbyl group is an alkyl
group, such as a polyisobutyl group. Alternatively expressed, the Rl groups
can contain about 40 to about 500 carbon atons, and these atons may be present
in aliphatic forms. R2 is an al kyl ene group, commonly an ethyl ene (C2H4)

group. Exanpl es of succinimde dispersants include those described in, for
exanple, U S. Patent Nos. 3,172,892, 4,234,435 and 6, 165, 235. 100701The

pol yal kencs from which the substituent groups are derived are typically
honmopol ymers and i nterpol yners of polynerizable ol efin nononers of 2 to about

16. carbon afiQid aAchid BHR! stobkLark %et@rﬁl@r;cgﬂs@de%d%up VG ATReS TG @ © T eact ed

with the succCinic acylating agents to"formthe carboxylic di sper sant

conposi ti ofyfap cmepfapaamp&eénﬁfnemrxmﬂwafkyﬂg(}%l boheGd @% tmcqoezilgh,%ea{ sants are

referred to as such since they nornmally contain nitrogen |arge inthe form

of inide fypghiapalddtom 2kt ROEY lewaeﬁ{r%lgﬁatfngag&ﬁ.@aﬂmlé mﬁ{&tycfé@&f;gﬁ cie form of

am ne salts, ami des, I mdazolines as we as nixtures thereo prepare a

succi ni m dg. dr §REMSRAfar s‘{:lﬂ@cm%rha'{}ﬂ%%m?ﬁh‘t‘ie PG @Ghdr 2 RGUE 54 o Hgﬂfgh@ﬁ and one

or nore amties are heated and typically water 1s renoved, option in the

presence Ofy gk biﬁé,%rti%)@ahlkf-%a. g raﬁ%ﬁﬁrﬂﬁé?io(f dch % gﬂgéwry@%%s%éeﬁgggetheﬂ_ pe reaction

S
tenperature can range from abott 80C up tot conposition tenperature of

the m xt urgofectd6y RIANBCGEnkind b iurky Rlck &4 i)e%zén@lr'kgségff)%%??ﬂng’%b epf exmpl%,et 0 about

300C. Additional details and exanples of procedu preparing

succi ni m dendi SRR SRS A ndvb8rdd B3EMout IV RE klidulal HAEs HRgIE HERGEd bed in,
for exanple, U S. Patent Nos. 3,172,892, 3,219,666, 3,272,746 4,234, 435,

, , i @ en m on . i ai S . 1 Y S . l'ud
6,165, 235 angk Gr 440 m‘ﬁ%h bQAHRlonSH diiaBbR ﬁﬁggﬁ;g? lféhaméﬁmt;ﬁ%@g%p glso include

am ne di spersants, ich are reaction produc relative nmol ecul ar

wei ght al | phglol&l, iRl LAES AdnARTRESs B 6 ﬁm@elaltxgaa%kmhlk%ée St 994;%@{&@65-

Exanpl es of such am e di spersants | ncl ude those descri n, for exanpl e,

U.S. Pat emlinl?ik?g grogp,?ngl‘.S,’aS(?lAto C‘?ﬁg élﬁﬁege;s(%haﬁpl%%g% ng?gu ) ‘ogalsr%ntgﬂfhg e\[ﬂ%?%ﬁ] Sui tabl e

ashl ess dispersants may further include I spersants,
ester linkages. Suitable fused and/or polyfused aromatic groups include, but are not limited

to, anthracene, phenanthrene, pyrene, indene, acenaphthylene, benzanthrene, chrysene,
triphenylene, and naphthalenc. In one preferred embodiment, the aromatic group is
naphthalene. |

[0047] The alkylated aromatic bas'e’st(.Jcks are either commerbially available from
such sources as King Industries under the KR Serie;s, e.g., NA-LUBE® KR-007, and the like,
or can be prepared by any method known in the art. See, for example, Synthetics, Mineral
Oils, and Bio-Based Lubricants, Chemistry and Technology, Leslie R. Rudnick (editor),
Taylor & Francis, 7, pp. 139-146 (2006), the contents of which are incorporated by reference
herein. NA-LUBE® is a registered trademark of King Industries Specialty Chemiicals. For
example, alkylated aromatic base stocks such as alkylated naphthalenes can be produced from

the alkylation of aromatics with an olefin, alcohol, alkylhalide, or other alkylating agents
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are reaction products of alkyl phenols in which the al kyl group contains at.

| east about 30 carbon atons with al dehydes (especially fornmal dehyde) and
am nes (especially polyal kyl ene pol yam nes). Exanpl es of such di spersants

i ncl ude those described in, for exanple, U S. Patent Nos. 3,036, 003,

3,586, 629. 3,591,598 and 3, 980, 569. [0074] Sui t abl e ashl ess di spersants may

al so be post-treated ashl ess di spersants such as post-treated succini m des,
e.g., post-treatnent processes involving borate or ethyl ene carbonate as

di sclosed in, for exanple, U S. Patent Nos. 4,612,132 and 4, 746, 446; and the
like as well as othcr post-treatnent processes. The carbonate-treated al kenyl

o coul ar o e BRLLEMLASELSuRT BB R Lot AP ¥B%%%§£*%§ﬂd?%’589;2 )
From about zoooﬁta%fdéi%ﬁl?*ﬂs(fﬁ@%‘é@%%‘“ 43600 SRR, 20009 I af?rﬁe.ergﬁt s

Pref erabl y’tl‘lﬂIIOI‘IH§ ) ﬁ)i%ﬁlggdéj ﬁlnr t%ﬂ&ﬁ’ﬂo@l&a H&d BlnibRAC taha/ Gnt 31%113) %én%?lﬁ()ru% m xture

of a pol ybutene succinic acrd derivative, an unsaturate I'C reagent

copol ymer gﬁcclcﬁpcl nsciﬂ%, éaath%gmg‘ﬁlle% sﬁ@a%%lg%&atgxdeﬁ%g@l ﬁfg Bat ﬁgéj 4%09 %lﬁam ne,

such as dlsclose t ent tontents of "WHiC

| noor por at ey birdS6er CRERICLED o DURBL S hapleuaRikans. Al ptsanLy Ty ol so

be polyneric, which are inter yNer s sol u I'’ZI ng Tonomer s such a

decyl net h@l &Xh@&rﬁ’ac}ﬁ' t!‘lﬂ%ﬁ%%tfl?i}&%gneas%gfomb Qgigml#tﬁe% ﬂble\’\@;xtzgg&s ﬁ’lklﬁ&é ns WI th

nononer s COI’lt al ning polar su ut es Meri c dispersants

| ncl ude { NQsgicIEIRL Ll fion LO7CXATRL 9ccy e zﬁq%egél}/ﬂ\é%sand% 329,658, 3, 449, 250

and 3, 666, 730 I'n one pre nbodi hent he’ present invention, an

ashl ess di ygggpant fr, aé‘?ﬁbéd‘m&ﬁe nl %ﬁ%h%tg{r&%tl{a'base (ﬁggo\%ﬂltﬂe apﬂegeﬁt iR the

bi s-succi nim de derive roma o yi sobut en rou avin nunber aver age

mol ecul ar ‘ﬁ‘ﬁiﬂQ{ﬁEtoﬁ’%pgggﬁﬁngﬁtg%oc%f’coﬁ@%&m%%99&: Pé?é%t %ér[?%ﬁﬁ?‘éhtﬁ%mtf oc}rﬁi ofse in the

| ubricating ol present Phventi on are preferab

non- POl Mehéu (6 B weiBfiGo BSR40 byPh SroRUBELD bTHIGSA: w0 (El e gdlétyﬂ the one

or nore ashless di'spersants are presefit 1nt ricating 0| osition in

an anount %ﬁﬁ% lﬁﬁ‘mffa{uﬁﬁae ?{6%5319019 W#&Xm{k‘%h%ﬂélm%ﬁ ﬁp Qﬁg'lal%g %’091\5‘[18\@&159 t;&)Ck based on

the total we ricating ol conposi

will be present in the trunk piston engine lubricating oil compositions of the present invention

in an amount of from about 5% by weight to about 40% by Weight, based on the total weight
of the lubricating oil composition. In another embodiment, the alkylated aromatic base stock
will be present in the trunk piston engine lﬁbrlcat1ng oil compositions of the present invention
in an amount of from about 25% by weight to about 35% by weight, based on the tota] weight
of the lubricating oil composition.

[0049] The base stock having an aromatic content of at least about 50% by weight is
known in the art and includes those highly aromatic base stocks which are recovered from the
refining of petroleum-derived feedstocks, such as by fluid catalytic cracking (FCC and the
related TCC process), coking, pyrolysis, and the like. These base stocks are generally

considered Group V base stocks. In one embodiment, a base stock having an aromatic
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[ 0078] Represent ati ve exanpl es of antiwear agents include, but are not |imted
to, zinc dialkyldithiophosphates and zi nc diaryl dithi ophosphates, e.g., those
described in an article by Born et al. entitled "Relationship between Chem cal
Structure and Effectiveness of Sonme Metallic Dial kyl- and

Di aryl -di t hi ophosphates in Different Lubricated Mechani sns", appearing in
Lubrication Science 4-2 January 1992, see for exanple pages 97-100; aryl
phosphat es and phosphites, sulfitr-containing esters, phosphosuffur conpounds,
netal or ash-free dithiocarbanmates, xanthates, alkyl sulfides and the |ike and
m xtures thereof. al kyl phenates, sulfurized al kyl phenates, carboxyl ates,

sal i cyl at eg,onRROSPRORAL EBout 24, RYOSABLNRE &R 1@%@6%%@' %le HRIRAYGES ALife g€neral ly

referred to as neutral or overbaSed. Overbased ne etergents are generally

produced by, cREARNAE LRGodidHs o WeSrQbmWHLAGARA0 S, mIRLSFIeNM R el oifOT

exanple. sulfonic acid, alkylphenol, carboxylate etc., netal” oxide or

hydr oxi des {efcOhe SURURCoif2hEE HERO K] A0 Rand ARV XAk deidanfarpt er s such

as xyl ene, methanol and water. For  exanp or preparing an overbased cal ci um

sul f onat e, chtﬁlgﬁ@fsﬁ%gée }e(ﬁﬂer? tgp&aml GEHMR 998 &Ealﬁ%%a%hgﬁeﬂn@scc;pﬁmm shst he

gaseous carbon di oxi to I fonirc acid 1

m cal ci um car bonat €. e su

neutral i zedy Widhho @t SKGESS tQE_ B0 fRGRA gmililtngora%%er Jﬁtfimioﬁlﬁle%%?rﬂgdﬁxg% er gent s

100801Met al -cont @l ni hg or as m ng detergents nction as

to reduce a0odqinke) SRSk S NheAS) @Al REMIEAILAS! fidled kb HALOAL OF S,

1
t hereby reduci ng wear and corrosion an endi ng engl ne Det ergent s

general |y Gonphi $RnecRR & colfadis Wedthifled QNI TMAIARNOBER)7t & kmedli€ QL ar head

conprises a netal salt of an acidic orgaric conpound. The salts may contain a

substanti algby &0 k&@d?d?&%l&ﬁs%g@ﬁ% ‘A’Hoﬂﬂl% rarh td'ié@ﬁb%lioﬂ Betbln GRoGBFEFL YT €

usual Iy described as nornmal or neutra and woul d typically have a total

base_numbery, 94, TBkAB0%) he JTSASHERIDY ARTMLORA0R cQllf/ OMA. kaapout 80, A

| arge anount of a netal base e I ncorporate reactl excess neta

conpound (_Tc_%&c oil Hdn @ Q%e@ﬁniﬂé@f)?%g‘iﬁ Ml @530‘7‘.@@"&39@%#1@ off refGakpON

di oxi de) . e resulting overbased detergent conprises neutralized detergent as

the outer |8k Qs qlaﬁﬁ%%l bg?ﬂlgg*gléﬁ%' distﬁblﬁf%ﬁ hepate )ab(mé %g(l)"lﬁ 1 6@@?: Fl;/(p %Fas ed

detergents fray have a 50 or greater, typi ca w1l have a

TBN of fromy ?ﬁp%oo@({h&%@ﬁgéﬂce(flﬁgm uicfﬂég%ataiy#ig Qﬁéﬂiﬁ?gﬁ{eﬂeﬁéﬁ E]ﬁ*,tle (%TEy be used

i ncl ude oil-sol ubl e neutral and overbased sul'tonates, "phenates, sulfurized

phenates, t.hi;:0RAORRE ﬂ@ﬁ&?AS?ﬁhh&M+ﬁ@§ﬁw.and napbt henat es and ot her

oi | -sol ubl e carboxylates 'of a netal, particularly the alkali or alkaline earth
netal's, e. gggsopari um, g%?galym F(E@trﬁeﬁﬁln&‘%lycdé I faNda e &%iﬁﬂufé”%]f &BHO-”BQQ&E' um The
nmost conmonly used metals are cal cium and nagnesium which nay bot h be present
in detergents,ughks .02 4 WRLL&ADE froANShdll %0418 SwQbnt CB! Sob™ 2O [ERENeST UM

wi th sodium “Particularly conveni ent netal de?ergents are neutral and

overbased ¢alGi-bimwd! fQRab&a? 39%%#5%%&%%0&65‘6% BPQMh2HarbRa@RMh P, neutral

and overbased cal ci um phenates and sul furized phenatées having TBN of from

about 50 t g,ahaopd, ¥R0aRb eME 53, bg%ig%gsi?%ﬁ iagﬁ%%@%%fjgggég@m

salicylates having a N of from about o about 45

det er gent s o, W& RE (1sc AREPASIRE Honﬁ%‘ﬁd@hle&iﬁmtégﬁ?lgoil,!ﬁ%ﬁ%d&ﬁ m $Q98giLI n one

enbodi nent,” the detergent can he one or nore al'i of alkaline earth netal
salts of ag,ahK¥ke SRStitdLRApydroxyaromatic carboxylic acid. Suitable

[0051] In one efnbodiment, the base stock having an aromatic content of at least about
50% by weight will be base stock having an aromatic content of at least about 60 percent by

weight of aromatics.
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hydr oxyar omati ¢ conpounds i ncl ude nononucl ear nonohydroxy and pol yhydr oxy
aromati ¢ hydrocarbons having 1 to 4, and preferably 1 to 3, hydroxyl groups.
Sui t abl e hydroxyaromati c conpounds i ncl ude phenol, catechol, resorcinol,

hydr oqui none, pyrogallol, cresol, and the |ike. The preferred hydroxyaromatic
conpound i s phenol. [0083JThe al kyl substituted noiety of the al kali or

al kaline earth netal salt of an al kyl-substituted hydroxyaromatic carboxylic
acid is derived from an al pha ol efin having from about 10 to about 80 carbon
atons. The ol efins enployed may be linear, isonerized |inear, branched or
partlally branched |inear. The ol efin may be a m xture of Iinear olefins, a

mxture of hEaer | Z:@ Iné B dinn® fihd é%oJlE‘}?é{zM%Qn z%;]p!% cﬂ&:ﬁ?ﬁtdof% 28 Q?Of.leST] i‘t ure

of partlally branch i hear or ‘a mxture o or egoi ng

one erodi 9o by LA Will b bsal i hO%ahk Bih efifind @%@&)gﬁj@%ﬁ&ﬁm xture of

nor mal al pha ol’ef Fromo I'ns (bout 30

car bon at ong. pek IR Rk kfamdihe a soﬁpf B mg %‘&PE@)F bgwgﬁo%gﬁ s are

i sonerized using at | east one o qU| catal yst n anot her

Srood Tent hd 8y QB ARl ANEA. LS A SoREOMARRL IO agl T XU

t her eof haV|ng 0-t0%a carbon atons ed chain

| efi d | 0 | b
ol efins egﬁ%ﬁ?ﬁﬁ %r?%?c"bﬁﬂtﬁﬁ &Qﬁéé[s?%ohpﬁb Dby %%ﬂéﬁhﬁ BE predf m%?ﬂvfn{ks a so be

substitute ctional groups, suc rox groups, carboxyllc

aci d groupsy,giheh ki o gnﬁcm@&qlnknseoﬂﬂégms npmqaﬁmﬁffmﬁ IH&H& bgmg %ﬁ%@hed

ol efm c propyl ene omer or m xture ereo ave ron1a £0 about 60

carbon at og. wJu %ea P@%’% Outel%lg? e igljalewe hFoPrtﬁ’éOYJb%@e%ng'deO”er or

m xt ures thereo have from a about car on ato
composition. In another embodiment, the base stock having an aromatic content of at least

about 50% by weight will be preseht in the trunk piston engine lubricating oil compositions of
the present invention in an amouﬁt of from about 25% By weight to about 35% by weight,
based on the total weight of the trunk piston engine lubricating oil composition.

[0053] The base stock having an aromatic content of at least aboﬁt 50% by weight is
not an aromatic extract. In general, an aromatic extract is an extract that can be made by the
treatment of at ie_ast one refinery process stream in a solvent extraction process. Solvent
extraction processes include contacting the at least one refinery process stream with a solvent
such as furfural, n-methylpyrrolidone, sulphur dioxide, Duo-Sol™ or phenol to selectively
extract from the refinery stream, aromatic heterocyclic materials and to form a solution of
these materials in the solvent. The solvent is then recovered from the solution for recycle to
the extraction process; the resultant product being the aromatic extract.

[0054] The manufacture of aromatic extracts is known in the art and is described, for
example, in "Lubricant base oil and wax processing" A. Sequeira, pages 81-118, pub. Marcel

Dekker Inc. New York, 1994.
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[0086] I n one enmbodi nent, at |east about 75 nole% (e.g., at |east about 80

nol e% at | east about 85 nole% at |east about 90 nole% at |east about 95

nol e% or at |east about 99 nole% of the al kyl groups contained within the

al kali or alkaline earth netal salt of an al kyl-substituted hydroxyaromatic
carboxylic acid such-as the al kyl groups of an alkaline earth netal salt of an
al kyl -substituted hydroxybenzoic acid detergent are a G o or higher. In

anot her enbodi nent, the alkali or alkaline earth netal salt of an

al kyl -substituted hydroxyaromatic carboxylic acid is an alkali or alkaline
earth netal salt of an al kyl-substituted hydroxybenzoic acid that is derived

from an al kygsspubst ifhdt.Reha0Y diexXYRENBOL CestthiChrorthdlic\MRirsd Wilké @hKM madeoups are
t he resi due of normal al pha-ol efins containing at | east’ 75 mol'e% Czo or hi gher

normal  al pRauRleEMNS an EQ&&?&A ;s}o@@sobhﬁﬂve%fr@éagbhmatvac@&n leGiasd (2RBRUEwWDE Mol e %
(e.g., at least about 60 nole % at |east about 70 nole % at |east about 80

ml e % at oeAshaRboH: Br-ai™e pr@paﬂé ﬂuﬁaﬁ@tor %QQLUltes Wedd® o€ 1 soBlend RAIKe about 95

mole % or at |east about 99 nole % of the al kyl groups contained wthin the
al'kali or alkalipe earth metal salt of an alkyl-substituted hydroxyaromatic
carboxylic acid such as the al kyl groups of an alkali or alkaline earth netal

sal t of angyskjy! - sSubSEiatdal-Be Rl A3y BEAZBIHIaR Ghinaat @x@ROHbABLAniP ivhout CB.

[ 0088] The resultlng al kali or alkaline earth netal salt of an

al kyl - substioiidti@ dxhyd Xy 8f @BRMES i6 3k RQNdos éﬁ%ﬂ Wi b ldishBatd siidaXt B6@ Of ortho
and para isoners. In one enbodi ment, the product will contain about 1 to 99%

ortho lsorr%cuaaﬂ(éus%ﬁaﬁoa proGRaRe HRQIRS arohRicdRehd eln RMRIIaRLiad A8mPpFOduct Wil |
cont ai n about to 70%ortho and 95 to 30% para isomer. [0089] The al kali or

al kal i ne e@iﬂ'»aht WEERks asahtnﬁte%@am%x{fy& whitlSak bath @dbjRy&r ©%Y BhQWAL Rgthear boxyl i c
acid can be neutral or overbased. Generally, an overbased al kali or al kaline

earth met akesakd, 0 B&i’ A0drBrdeYhens URStdobikie IMEHIeAXYALSABb, ColSkdaNdmk | &idci d s
(6]

one in which the the al kali or alkaline earth netal salts of an

al kyl - subsbhgg&gqnyﬁgﬁg%yg&ggg&&ﬁoﬁarboxyl|c acid has been increased by a
process such as the addition of a base source (e.g., linme) and an acidic

over basi ng g8APouUNd T afhmati€ kRN nﬁ%%&éjﬁﬂ amlrxa@&%ﬁ}é@ma@eﬂ gakbishtBy be |ow
over based, e.d., an overbased salt having a
which may be measured by ASTM D 2007.
[0058] The distillate aromatic extract may have a boiling point in the range 250 to
680°C, which may be measured according to ASTM D2887. The distillate aromatic extract
may have a kinematic viscosity at 40°C in the range 5 to 18000 mm?/s, which may be
measured according to ASTM D 445, The distillate aromatic extract may have a kinematic
viscosity at 100°C in the range 3 to 60 mm*/s, which may be measured according to ASTM D
445, The distillate aromatic extract may have an average molecular mass in the range 300 to
580, which may be measured according to ASTM D 2887. The distillate aromatic extract
may‘have a carbon numb.er range in the range C;s to Css4, which may be measured according

to ASTM D2887. The distillate aromatic extract may have an aromatic content in the range

65 to 85 weight %, which may be measured according to ASTM D 2007.
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bel ow about 100. In one enbodi nent, the BN of a | ow overbased salt may be from
about 5 to about 50. In another enbodinent, the BN of a.l ow overbased salt may
be fromabout 10 to about 30. In yet another enbodinment, the BN of a | ow
overbased salt may be from about 15 to about 20. [0091] Overbased detergents
may be nedi um overbased, e.g., an overbased salt having a BN from about 100 to
about 250. In one enbodi nent, the BN of a nedi um overbased salt nay be from
about 100 to about 200. In another enbodi nent, the BN of a medi um overbased
salt may be from about 125 to about 175. 100921Over based detergents may be
hi gh overbased, e.g., an overbased salt having a BN above about 250. In one

orbod T e SN, el gt s Pl MBTYSRAU 12 0se, obou

450. 100931Sul fonates may S onl are typicaLIy
bt ai ned byt f i . al it [ rhons such as
obt al ned byt el ekl ARl XS TR 2sT! Yhel ALAUR ofic %&gﬁﬁ@lh o

those obtained fromthe fractionation of petrol eum or ation of

ar Omat | ¢ NyQ4REAROAGSSFRAATR! G LN BLIIRR hAS G ;@gfgbg;&éggéﬂéd £Yofhl 0g_denzene,

t ol uene, xyl ene, napht ene, phenyl or théir rivative The

al kyl ati on 4%y BuGarht fdighltarditht R RI GECRER aga‘ineﬁmﬁméaé%aemgp@ag'ytﬁevl ating

agents having from about 0 nore carbon atons.

or et or abl y 1o ARbol 16 T4 nhaue o st SO R TE GRERMAL o0

preferably out 16 to a carbon at 6ns per

ar omat i c erfi‘O aMc e%pa\%?fl‘%gﬂﬁgveoéd ax%?zlgg mO?eCﬁMl‘ Eﬂ%@&fe&eﬁér tﬁ%ll]’lk?d‘oy I\Vh?CHIIirl%n]!)eC aCi ds

may be neutralize
measured according to ASTM D 2887. The residual aromatic extract may have a carbon

number range of greater than Cos, which may be measured according to ASTM D 2887. The
residual aromatic extract m‘ayrhave an aromatic content in the range 60 to 85 weight %, Whichr
may be measured according to ASTM D 2007.

[0060] The trunk piston engine lubricatmg oil compositions of the present invention
can haverany total base number (TBN) that is suitable for use in trunk piston engines. The
term l"total base ﬁumber" or "TBN" refers to the amount of base equivalent to milligrams of
KOH in 1 gram of sample. Thus, higher TBN numbers reflect more alkaline products and
therefore a greater alkalinity reserve. The TBN of the trunk piston engine lubricating oil
compositions can be measured by any suitable method, such as by ASTM D2896. In general,
the trunk piston engine lubricating oil compositions can have a TBN of at least about 12. In
one embodiment, the trunk piston engine lubricating o0il compositions can have a TBN of
from about 20 to about 60. In another embodiment, the trunk piston engine lubricating oil
composittons can have a TBN of from about 30 to about 50.

[0061] The trunk piston engine lubricating oil compositions of the present invention

can have any viscosity that is suitable for use in a trunk piston engine. Generally, the trunk
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oxi des, hydroxi des, al koxi des, carbonates, carboxyl ate, sulfides,

hydrosul fides, nitrates, borates and ethers of the netal. The anount of nretal
conmpound is chosen having regard to the desired TBN of the final product but
typically ranges from about 100 to about 220 wt. % (preferably at |east about
125 wt. 9% of that stoichionetrically required. [0095]Metal salts of phenols
and sul furized phenols are prepared by reaction wth an appropriate netal
conmpound such as an oxi de or hydroxi de and neutral or overbased products may
be obtai ned by nmethods well known in the art. Sulfurized phenols may be
prepared by reacting a phenol with sulfur or a sulfur containing conpound such

as hydr 0ge il hiilernathihibit ERARNRIh A8 Afve SUkity il lgh okl § B Mg 0duct s -

whi ch are generafly m xtures conpounds in more phenols are

br i dged by 55Ul fior5qR8 b B ASRSar | RAFBLERNET AL 28 b6, dbeigenis can be

present in the trunk piston engi I cating 0| conpositions I n amunt of

about 1% b%ts%ltgwf tﬁe m%t&of'ﬁgtoﬂ'%l{ Qé/ ﬁ@ﬁkzgﬁ 011b|&)§ﬁ)q51ﬁfgnog%] éﬁltegslure\ﬂ'ed g}l:y of the

trunk piston engine |ubricating 0| conposi t epresent tive exanples

of rust inQiRbtQsoliNe qfni @re not limted to, nonionic polyoxyallcylene
agents, e. gl, po ygxyé%hy engﬁ?auryl et her, pol yoxyet hyl ene hi gher al cohol

ether, pol yggyet hyl afe anykphenY%he fbAEfin Ry b € pRGL 'h%ﬁtﬁ%' ether,
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di car boxyl o d o of heavy
bﬁtﬂ%h@ﬁahﬂ? % giy ]ﬁ§%$%F4£h@egﬂk@ﬁ1?§- %?IC alcoﬁ%m?§phosphor|c

sul fonic acid; partia Ic acid ester of poly

esters; (shaptqghal %lx%kms SURE! QG 8y RGN SALRES, Lhgr el and

ni t rogen- cont ai ni ng derfvati ves syn hetic a cary tes, e.g.

met al di no@&ibﬂ}fmﬁg fal Xaleﬁtél fﬁ)@ %ﬁeﬁ?lin% %thg*L‘? éé)lklglﬁm@fﬁafr})é %zl'h[l&ﬁ utt Q%%Of

[ 0098] Repr esent ati ve es of tion-no lers 1 nc ut are not

l'imted tobleﬁ&ek%ya I@Jtcﬁ‘d Ih@ﬁe}%r @JHHQ& %églﬁﬁf%‘ﬁg n}(n?egpt 1B QQI?@I QIE)IEYS

phosphites, fatty époxides, fatty a ated a koxy atty ‘ami nes,

metal saltg h%ogeﬂfzéﬂ/(e.@g ) @ﬁulu{ %ﬁc}éeﬁ%r%r ﬂgﬁrﬁleeﬁjmo%glﬁfeﬂ lelll (e.g., colloid mill,

ball mill or sand mill} or any other mixing or dispersing equipment known in the art.

[0063] In one embodiment, the trunk piston engine lubricating oil compositions of the
present invention are substantially free of a Group I base oil. The term “substantially free” as
used herein shall be understood to mean relatively little to no amount of any Group I base oil,
e.g., an amount less than about 5% by weight, preferably less than 1% by weight, and most
preferably less than about 0.1% by weight, based on the total weight of the trunk piston
engine lubricating oil composition. The term “Group I base oil” as used herein refers to a
petroleum derived lubricating base oil having a saturates content of less than 90 wt. % (as
determined by ASTM D 2007) and/or a total sulfur content of greater than 300 ppm (as

determined by ASTM D 2622, ASTM D 4294, ASTM D 4297 or ASTM D 3120) and has a
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esters, borated glycerol esters; and fatty i m dazohnes as disclosed in U.S.
Patent No. 6,372,696, the contents of which are incorporated by reference
herein; friction nodifiers obtained froma reaction product of a C4 to C75,
preferably a C6 to C24. and nost preferably a C6 to C20, fatty acid ester and
a nitrogen-containi ng conpound sel ected fromthe group consisting of ammoni a,
and an al kanol am nc and the |ike and m xtures thereof. [0099] Representative
exanpl es of antifoam ng agents include, but are not Iinitedkto, golyners of
al kyl nethacryl ate; polynmers of dinethylsilicone and the |ike and m xtures
the¥eof. [OOI%O]Representative exanpl es of a pour point depressant include,
et hanyl at e 561 s (o] PR By B oo b e b R RS B ot
tetra- paraff by, henoi, condensates of a chlorinated paraffin with naphthal ene
and m xtures thereof. In one enbodi nent, a pour point depressant conprises an
et hyl ene- vi acet at 1 . qgnsafe of .chl aor.i.nat ed paraf.fin and
phenol pol[9g44a<yl st ylfeetﬁlggin%&?% m?ilﬁbgﬂgﬁl m %?Pllﬁ)PSelslontsk?grthee TS HEY ANt of the
DouT PO 1L PGSR0l IRIGHORY (EeTAR Mbnd L AR oL AR BRYG 9% Y,
benzene sul Tonaroagndy, RERAR o' B8 Rl QBRIPABLEGR, IusRERSE pLai ne.
Do s ST BBHENS MO8 By B AL B15, DXLA rPOL YRR B05 2 de,
Cher sof - TS ol SiPEREE, B PR, LB M e i Bhio b Bos By el ght to
about 16@6 | . ntativ X les of a rrosion inhibitor
i ncl ude, b@%?ﬁ?%ﬁﬁg?lr%%?%%ﬁlﬁggﬁﬁﬁlﬁﬁﬁgfngﬁdﬁﬁgfm%e?mgymﬁﬁggtg%ga@%inicd .
acid, phos . thiaph a i.mgdazolin sar cosi nes an e
P R &&S? (féﬁ}uﬁfef?m &'er% %Patl]at}egéig]atn%ghggenls ﬂf’:ﬂtlon moS%ilbrgi P8P Hﬁ]g}? vary from

like and m Xtures t eof . e anbun ecorrosion in

about 0. Ol%élp-Xss?ﬂﬁé., gigﬁfoglﬁingtﬁ%%s, 500 QSBNeX{Ei ;%ngage compatibilisers, corrosion-inhibitors,

dyes, extreme pressure agents and the like and mixtures thereof. A variety of the additives are

known and commercially avaﬂable. These additives, or their analogous compounds, can be
employed for the preparation of the trunk piston engine lubricating oil compositions of the
invention by the usual blending procedures.

[0065] Representative examples of antioxidants include, but are not Himited to, aminic
types, e.g., diphenylamine, phenyl-alpha-napthyl-amine, N,N-di(alkylphenyl) amines; and
alkylated phenylene-diamines; phenolics such as, for example, BHT, sterically hindered alkyl
phenols such as 2,6-di-tert-butylphenol, 2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-(2-
octyl-3-propanoic) phenol; and mixtures thereof.

[0066] Representative examples of ashless dispersants include, but are not limited to,
amines, alcohols, amides, or ester polar moieties attached to the polymer backbonesrvia

bridging groups. An ashless dispersant of the present invention may be, for example, selected
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[ 00103] Represent ati ve exanpl es of an extrene pressure agent include, but are
not limted to, sulfurized animal or vegetable fats or oils, sulfurized anim
or vegetable fatty acid esters, fully or partially esterified esters of
trival ent or pentaval ent acids of phosphorus, sulfurized ol efins,

di hydr ocar byl polysul fides, sulfurized D els-Al der adducts, sulfurized

di cycl opent adi ene, sulthrized or co-sulfurized mxtures of fatty acid esters
and nmonounsaturated ol efins, co-sulfurized blends of fatty acid, fatty acid
ester and al pha-ol efin, functionally-substituted clihydrocarbyl polysulfides,
t hi a- al dehydes, thia-ketones, epithio conpounds sulfur cont ai ni ng acet al
derlvatlvesﬁ,0 CO5 ed bIends af temgg and
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[ 00108] Trunk piston engine lubricating oil conpositions were prepared as set
forth below in Table 1. ‘Each trunk piston engine lubricating oil conposition
was an SAE 40 viscosity grade with a TEN of 40 ng KOH g. The trunk piston
engi ne lubricating oil conpositions of Exanples 1-5 (within the scope of the
invention) were fornulated with the conbination of a Goup Il base oil and
either (i) 30% by wei ght of ester base oil (ii) an alkyl aromatic base oil or
(iii) a base oil having an arondtic content of at |east 50% by wei ght, whereas
the trunk piston engine lubricating oil conpositions of Conparative Exanpl es
A-C (outside the scope of the invention) were fornulated as follows: a Goup |
base oil alone (Conparatiye Exanple A), a Goup Il base oil alone (Conparative
Exanpl e B) and the conbinati onf@f a Goup Il bAge oi I| and 10% by wei ght of an
ester base oil (Conpargiig nmple C). [00109] Eunrlkeipi ston engi ne
| ubricating oil conpositi Ens oR anpl es_}_l-;__ d Conparative Exanples A-C were
tested for the amount of bl ack d*ge_?l% 0Bt in me Bl ack Sl udge Deposit
(BSD) Test. In the BSO'Te§t, \sanpl e of test of“vva —-mtked with 7.5 wt. %
heavy fuel oil to forma gest ture. Each teé/ m xtlure was punped over a
heated test plate for a specified period of tine. Af tter cool i ng and washi ng,
test plates were dri (13(;1 and wei ?hed. The wei ght of each steel test plate was
det er ni ned whemsh eable Rwési igpersfentihe hadpeshy amasush Ay 2 palyplsEn-derdsl r@st pl ate
was neasured and recorded as the change in weight of the steel test plate. The
resul ts of TybiealBSHke hedecagdve gewp fipranh alkel aypupn sTdblae 3 polyisabitE B'9Ur mul at i ons
Comp. Ex. A (wt% Conp.

Alternatively expressed, the R' groups can contain about 40 to about 500 carbon atoms, and

these atoms may be present in aliphatic forms. RZ. is an alkylene group, commonly an
ethylene (C;Hy) group. Examples of succinimide dispersants include those described in, for
example, U.S. Patent Nos. 3,172,892, 4,234,435 and 6,165,235.

[0070] The polyalkenes from which the substituent groups are derived are typically
homopolymers and interpolymers of polymerizable olefin monomers of 2 to about 16 carbon
atoms, and usually 2 to 6 carbon atoms. The amines which are reacted with the succinic
acylating agents to form the carboxylic dispersant composition can be monoamines or
polyamines.

[0071] Succinimide dispersants are referred to as such since they normally contain
nitrogen largely in the form of imide functionality, although the amide functionality may be in
the form of amine salts, amides, imidazolines as well as mixtures thereof. To prepare a
succinimide dispersant, one or more succinic acid-producing compounds and one or more
amines are heated and typically water is removed, optionally in the presence of a substantially

inert organic liquid solvent/diluent. The reaction temperature can range from about 80°C up
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Ex. B(WM% Comp. Ex. C(W.% Ex. 1 (W% Ex. 2 (W.% Ex.3 (w.%

to the decomposition temperature of the mixture or the product, which typically fails between
about 100°C to about 300°C. Additional details and examples of procedures for preparing the
succinimide dispersants of the present invention include those described in, for example, U.S.
Patent Nos. 3,172,892, 3,219,666, 3,272,746, 4,234,435, 6,165,235 and 6,440,905.

[0072}. Suitable ashless dispersants may also include amine dispersants, which are
reaction products of relatively high molecular weight aliphatic halides and amines, preferably
polyalkylene polyamines. Examples of such amine dispersants include those described in, for
example, U.S. Patent Nos. 3,275,554, 3,438,757, 3,454,555 and 3,565,804.

[0073] Suitable ashless dispersants may further include "Mannich dispersants,” which
are reaction products of alkyl phenols in which the alkyl group contains at least about 30
carbon atoms with aldehydes (especially formaldehyde) and amines (especially polyalkylene
polyamines). Exaniples of such dispersants include those described in, for example, U.S.
Patent Nos. 3,036,003, 3,586,629. 3,591,598 and 3,980,569.

[0074] Suitable ashless dispersants may also be post-treated ashless dispersants such
as post-treated succinimides, e.g., post-treatment processes involving borate or ethylene
carbonate as disclosed in, for example, U.S. Patent Nos. 4,612,132 and 4,746,446; and the like
as well as other post-treatment processes. The carbonate-treated alkenylr succinimide is a
polybutene succinimide derived from polybutenes having a molecular weight of about 450 to
about 3000, preferably from about 900 to about 2500, more preferably from about 1300 to
about 2400, and most preferably from about 2000 to about 2400, as well as mixtures of these
molecular weights. Preferably, it is prepared by reacting, under reactive conditions, a mixture

of a polybutene succinic acid derivative, an unsaturated acidic reagent copolymer of an
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Ex. 4 (W.9% Ex. 5 (w.9% Additives:

unsaturated acidic reagent and an olefin, and a polyamine, such as disclosed in U.S. Patent
No. 5,716,912, the contents of which are incorporated by reference herein.

[0075] Suitable ashless dispersants may also be polymeric, which are interpolymers of
oil-solubilizing monomers such as decy! methacrylate, vinyl decyl ether and high molecular
weight olefins with monomers containing polar substitutes. Examples of polymeric
dispersants include those described in, for example, U.S. Patent Nos. 3,329,658; 3,449,250
and 3,666,730. |

[0076] In one preferred embodiment of the present invention, an ashiess dispersant for
use in the lubricating otl composition is a bis-succinimide derived from a polyisobutenyl
group having a number average molecular weight of about 700 to about 2300. The
dispersant(s) for use in the lubricating oil compositions of the present invention are preferably
non-polymeric (e g., are mono- or bis-succinimides).

[0077] - Generally, the one or more ashless dispersants are present in the lubricating oil
composition in an amount ranging from about 0.01% by weight to about 10% by weight,
based on the tqtal weight of the lubricating oil composition. |
[0078] Representative examples of antiwear agents include, but are not limited to, zinc
dialkyldithiophosphates and zinc diaryldithiophosphates, e.g., those described in an article by
Born et al. entitled "Relationship between Chemical Structure and Effectiveness of Some
Metallic Dialkyl- and Diaryl-dimidphosphates in Different Lubricated Mechanisms",
appearing in Lubrication Science 4-2 January 1992, see for example pages 97-100; aryl
phosphates and phosphites, sulfur-containing esters, phosphosulfur comf)ounds, metal or ash-

free dithiocarbamates, xanthates, alkyl sulfides and the like and mixtures thereof.
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10079] Representative examples of metal detergents include sulphonates,
alkylphenates, sulfurized alkyl phenates, carboxylates, salicylates, phosphonates, and
phosphinates. Commercial products are generally referred fo as neutral or overbased.
Overbased metal detergents are generally produced by carbonating a mixture of
hydrocarbons, detergent acid, for example: sulfonic acid, alkylphenol, carboxylate etc., metal
oxide or hydroxides (for example calcium oxide or calcium hydroxide) and promoters such as
xylene, methanol and water. For example, for preparing an overbased calcium sulfonate, in
carbonation, the calcium oxide or hydroxide reacts with the gaseous carbon dioxide to form
calcium carbonate. The sulfonic acid is neutralized with an excess of CaO or Ca(OH),, to
form the sulfonate.

[0080] Metal-containing or ash-forming detergents function as both detergents to
reduce or remove deposits and as acid neutralizers or rust inhibitors, thereby reducing wear
and corrosion and extending engine life. Detergents generally comprise a polar head with a
long hydrophobic tail. The polar head comprises a metal salt of an acidic organic compound.
The salts may contain a substantially stoichiometric amount of the metal in which case they
are usually described as normal or neutral salts, and would typically have a total base number
or TBN (as can be measured by ASTM D2896) of from O to about 80. A large amount of a
metal base may be incorporated by reacting excess metal compound (e.g., an oxide or
hydroxide) with an acidic gas (e.g., carbon dioxide). The resulting overbased detergent
comprises neutralized detergent as the outer layer of a metal base (e.g., carbonate) micelle.
Such overbased detergents may have a TBN of about 150 or greater, and typically will have a

TBN of from about 250 to about 450 or more.
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[0081}] Detergents that may be used include oil-soluble neutral and overbased
sulfonates, phenates, sulfurized phenates, thiophosphonates, salicylates, and naphthenates and
other oil-soluble carboxylates of a metal, particularly the alkali or alkaline earth metals, e.g.,
barium, sodium, potassium, lithium, calcium, and magnesium. The most commonly used
metals are calcium and magnesium, which may both be present in detergents used in a
habricant, and mixtures of calcium and/or magnesium with sodium. Particularly convenient
metal detergents are neutral and overbased calcium sulfonates having TBN of from about 20
to about 450, neutral and overbased calcium phenates and sulfurized phenates having TBN of
from about 50 to about 450 and neutral and overbased magnesium or calcium salicylates
having a TBN of from about 20 to about 450. Mixtures of detergents, whether overbased or
neutral or both, may be used.

[0082] In one embodiment, the detergent can be one or more alkali or alkaline earth
metal salts of an alkyl-substituted hydroxyaromatic carboxylic acid. Suitable
hydroxyaromatic compounds include mononuclear monohydroxy and polyhydroxy aromatic
hydrocarbons having 1 to 4, and preferably 1 to 3, hydroxyl groups. Suitable
hydroxyaromatic compounds include phenol, catechol, resorcinol, hydroquinone, pyrogallol,
cresol, and the like. The preferred hydroxyaromatic compound is phenol.

[0083] The alkyl substituted moiety of the alkali or alkaline earth metal salt of an
alkyl-substituted hydroxyaromatic carboxylic acid is derived from an alpha olefin having
from about 10 to about 80 carbon atoms. The olefins employed may be linear, isomerized

linear, branched or partially branched linear. The olefin may be a mixture of linear olefins, a
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mixture of isomerized linear olefins, a mixture of branched olefins, a mixture of partially
branchéd linear or a mixture of any of the foregoing.

[0084] In one embodiment, the mixture of linear olefins that may be used is a mixture
of normal alpha olefins selected from olefins having from about 12 to about 30 carbon atoms
per molecule. In one embodiment, the normal alpha olefins are isomerized using at least one
of a solid or liquid catalyst.

[0085] In another embodiment, the olefins are a branched olefinic propylene oligomer
or mixture thereof having from about 20 to about 80 carbon atoms, i.e., branched chain olefins
derived from the polymerization of propylene. The olefins may also be substituted with other
functional groups, such as hydroxy groups, carboxylic acid groups, heteroatoms, and the like.
In one embodiment, the branched olefinic propylene oligomer or mixtures thereof have from
about 20 to about 60 carbon atoms. In one embodiment, the branched olefinic propylene
oligomer or mixtures thereof have from about 20 to about 40 carbon atoms.

[0{)86] In one embodiment, at least about 75 mole% (e.g., at least about 80 mole%, at
feast about 85 mole%, at least about 90 mole%, at least about 95 mole%, or at least about 99
mole%) of the alkyl groups contained within the alkali or alkaline earth metal salt of an alkyl-
substituted hydroxyaromatic carboxylic acid such as the alkyl groups of an alkaline earth
metal salt of an alkyl-substituted hydroxybenzoic acid detergent are a Cyg or higher. In
another embodiment, the alkali or alkaline earth metal salt of an alkyl-substituted
hydroxyaromatic carboxylic acid is an alkali or alkaline earth metal salt of an alkyl-

substituted hydroxybenzoic acid that is derived from an alkyl-substituted hydroxybenzoic acid
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in wilich the alkyl groups are the residue of normal alpha-olefins containing at least 75 mole%
Cyp or higher normal alpha-olefins.

[0087] In another embodiment, at least about 50 mole % (e.g., at least about 60 mole
%, at least about 70 mole %, at least about 80 mole %, at least about 85 mole %, at least about
90 mole %, at least about 95 mole %, or at least about 99 mole %) of the alkyl groups
contained within the alkali or alkaline earth metal salt of an alkyl-substituted hydroxyaromatic
carboxylic acid such as the alkyl groups of an alkali or alkaline earth metal salt of an alkyl-
substituted hydroxybenzoic acid are about C;4 to about Cys.

[6088] The resulting alkali or alkaline earth metal salt of an alkyl-substituted
hydroxyaromatic carboxylic acid will be a mixture of ortho and para isomers. In one
embodiment, the product will contain about 1 to 99% ortﬁo isomer and 99 to 1% para isomer.
In another embodiment, the product will contain about 5 to 70% ortho and 95 to 30% para
isomer.

[0089] The alkali or alkaline earth metal salts of an alkyl-substituted hydroxyaromatic
carboxvlic acid can be neutral or overbased. Generally, an overbased alkali or alkaline earth
metal salt of an alkyl-substituted hydroxyaromatic carboxylic acid is one in which the BN of
the alkali or alkaline earth metal salts of an alkyl-substituted hydroxyaromatic carboxylic acid
has been increased by a process such as the addition of a base source (e.g., lime) and an acidic
overbasing compound (e.g., carbon dioxide).

[06090] Overbased salts may be low overbased, e.g., an overbased salt having a BN
below about 100. In one embodiment, the BN of a low overbased salt may be from about 5 to

about 50. In another embodiment, the BN of a low overbased salt may be from about 10 to
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about 30. In yet another embodiment, the BN of a low overbased salt may be from about 15
to about 20.

[6091] Overbased detergents may be medium overbased, e.g., an overbased salt
having a BN from about 100 to about 250. In one embodiment, the BN of a medium
overbased salt may be from about 100 to about 200. In another embodiment, the BN of a
medium overbased salt may be from about 125 to about 175.

[0092] Overbased detergents may be high overbased, e.g., an overbased salt having a
BN above about 250. In one embodiment, the BN of a high overbased salt may be from about
250 to about 450.

[0093] Sulfonates may be prepared from sulfonic acids which are typically obtained
by the sulfonation of alkyl substituted aromatic hydrocarbons such as those obtained from the
fractionation of petroleum or by the alkylation of aromatic hydrocarbons. Examples included
those obtained by alkyiating benzene, toluene, xylene, naphthalene, diphenyl or their halogen
derivatives. The alkylation may be carried out in the presence of a catalyst with atkylating
agents having from about 3 to more than 70 carbon atoms. The alkaryl sulfonates usually
contain from about 9 to about 80 or more carbon atoms, preferably from about 16 to about 60
carbon atoms per alkyl substituted aromatic moiety.

[0094] The oil soluble sulfonates or alkaryl sulfonic acids may be neutralized with
oxides, hydroxides, alkoxides, carbonates, carboxylate, sulfides, hydrosulfides, nitrates,
borates and ethers of the metal. The amount of metal compound is chosen having regard to
the desired TBN of the final product but typically ranges from about 100 to about 220 wt. %

(preferably at least about 125 wt. %) of that stoichiometrically required.
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[6095] Metal salts of phenols and sulfurized phenols are prepared by reaction with an
appropriate metal compound such as an oxide or hydroxide and neutral or overbased products
may be obtained by methods well known in the art. Sulfurized phenols may be prepared by
reacting a phenol with sulfur or a sulfur containing compound such as hydrogen sulfide, sulfur
monohalide or sulfur dihalide, to folrm products which are generally mixtures of compounds
in which 2 or more phenols are bridged by sulfur containing bridges.

[0096] . Generally, the detergents can be present in the trunk piston engine lubricating
oil compeositions in amount of about 1% by weight to about 15% by weight, based on the total
weight of the trunk piston engine lubricating oil composition.

[06097] Representative examples of rust inhibitors include, but are not limited to,
nonionic polyoxyalkylene agents, e.g., polyoxyethylene lauryl ether, polyoxyethyiene higher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol
monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol monooleate;
stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty acid amine salts; metal
salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydric alcohol; phosphoric
esters; (short~-chain) alkenyl succinic acids; partial esters thereof and nitrogen-containing
derivatives thereof; synthetic alkarylsulfonates, e.g., metal dinonylnaphthalene sulfonates; and

the like and mixtures thereof.

-[0098] Representative examples of friction modifiers include, but are not limited to,

alkoxylated fatty amines; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty

amines, borated alkoxylated fatty amines, metal salts of fatty acids, fatty acid amides, glycerol

37



10. 00 30.00 - FCC nediumcycle oil"

esters, borated glycerol esters; and fatty imidazolines as disclosed in U.S. Patent No.
6,372,696, the contents of which are incorporated by reference herein; friction modifiers
obtained i:lfom a reaction product of a C4 to Cys, preferably a Cs to Cas, and most preferably a
Ce to Cyp, fatty acid 4ester and a nitrogen-containing compound sclected from the group
consisting of ammonia, and an alkanolamine and the like and mixtures thereof.

[0099] Representative examples of antifoaming agents include, but are not limited to,
polymers of alkyl methacrylate; polymers of dimethylsilicone and the like and mixtures
thereof.

[60100] Repfesentative examples of a pour point depressant include, but are not limited
to, polymethacrylates, alkyl acrylate polymers, alkyl methacrylate polymers, di(tetra-parafiin
phenol)phthalate, coﬁdensates of tetra-paraffin phenol, condensates of a chlorinated paraffin
with naphthalene and mixtures thereof. In one embodiment, a pour point depressant
comprises an ethylene-vinyl acetate copolymer, a condensate of chlorinated paraffin and
phenol, polyalky! styrene and the like and mixtures thereof. The amount of the pour point
depréssant may vary from about 0.01% by weight to about 10% by weight.

[60101] Representative examples of a demulsifier include, but are not limited to,
anionic surfactants (e.g., alkyl-naphthalene sulfonates, alkyl benzene sulfonates and the like),
nonionic alkoxylated alkylphenol resins, polymers of alkylene oxides (e.g., polyethylene
oxide, polypropylene oxide, block copolymers of ethylene oxide, propylene oxide and the
like), esters of oil soluble acids, polyoxyethylene sorbitan ester and the like and mixtures
thereof. The amount of the demulsifier may vary from about 0.01% by weight to about 10%

by weight.
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[00102] Representative examples of a corrosion inhibitor include, but are not limited to,
half esters or amides of dodecylsuccinic acid, phosphate esters, thiophosphates, alkyl
imidazolines, sarcosines and the like and mixtures thereof. The amount of the corrosion
inhibitor may vary from about 0.01% by weight to about 5% by weight.

[60103] Representative examples of an extreme pressure agent include, but are not
limited to, sulfurized animal or vegetable fats or oils, sulfurized animal or vegetable fatty acid
esters, fully or partially esterified esters of trivalent or pentavalent acids of phosphorus,
sulfurized olefins, dihydrocarbyl polysulfides, sulfurized Diels-Alder adducts, sulfurized
dicyclopentadiene, sulfurized or co—sulfﬁrized mixtures of fafty acid esters and
monounsaturated olefins, co-sulfurized blends of fatty acid, fatty acid ester and alpha-olefin,
functionally-substituted dihydrocarbyl "polysulfides, thia-aldehydes, thia-ketones, epithio
compounds, sulfur-containing acetal derivatives, co-sulfurized blends of terpene and acyclic
olefins, and polysulfide olefin products, amine salts of phosphoric acid esters or
thiophosphoric acid esters and the like and mixtures thereof. The amount of the extreme
pressure agent may vary from about 0.01% by weight to about 5% by weight.

[00104] Each of the foregoing additives, when used, is used at a functionally effective
amount to impart the desired properties to the lubricant. Thus, for example, if an additive is a
friction modifier, a functionally effective amount of this friction modifier would be an amount
sufficient to impart the desired friction modifying characteristics to the lubricant. Generally,
the concentration of each of these additives, when used, may range, unless otherwise
specified, from about 0.001% to about 20% by weight, and in one embodiment about 0.01%

to about 10% by weight based on the total weight of the lubricating oil composition.
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[00105] If desired, the trunk piston engine lubricating oil additives may be provided as
an additive package or concentrate in which the additives are incorporated into a substantially
inert, normally liquid organic diluent such as, for example, mineral oil, naphtha, benzene,
toluene or xylene to form an additive concentrate. These concentrates usually contain from
about 20% to about 80% by weight of such diluent. Typically a neutral oil having a viscosity
of about 4 to about 8.5 ¢St at 100°C and preferably about 4 to about 6 ¢St at 100°C will be
used as the diluent, though synthetic oils, as well as other organic liquids which are
compatible with the additives and finished Iubricating oil can-also be used. The additive
package will typically contain one or more of the various additives, referred to above, in the
desired amounts and ratios to facilitate direct combination with the requisite amount of the (a)
major amount of a base stock containing at least 90% by weight saturated hydrocarbons; and
(b) minor amount of a base stock selected from the group consisting of (i) an ester base stock
wherein the ester base stock is present in an amount greater than about 10% by weight based
on the total weight of the lubricating oil composition, (i) an alkyl aromatic base stock, and
(iii) a base stock having an aromatic content of at least 50% by weight wherein the base stock
having an aromatic content of at least 50% by weight is not an aromatic extract.

[00106] The trunk piston engine lubricating oil compositions of the present invention
may be suitable for use in a 4-stroke trunk piston engine having an engine speed of about 200
to about 2,000 rotations per minute (rpm), e.g., about 400 to about 1,000 rpm, and a brake
horse-power (BHP) per cylinder of about 50 to about 5,000, preferably about 100 to about
3,000 and most preferably from about 100 to about 2,000. Engines used for auxiliary power

generation applications or in land-based power generation applications are also suitable.
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[00107] The following non-limiting examples are illustrative of the present inveniion.

EXAMPLES 1-5 AND COMPARATIVE EXAMPLES A-C

[00108] Trunk piston engine lubricating oil compositions were prepared as set forth
below in Table 1. Each trunk piston engine lubricating oil composition was an SAE 40
viscosity grade with a TBN of 40 mg KOH/g. The trunk piston engine lubricating oil
compositions of Examples 1-5 (within the scope of the invention) were formulated with the
combination of a Group II base oil and either (i) 30% by weight of ester base oil (ii) an alkyl
aromatic base oil or (iii) a base oil having an aromatic content of at least 50% by weight,
whereas the trunk piston engine lubricating oil compositions of Comparative Examples A-C
(outside the scope of the invention) were formulated as follows: a Group I base oil alone
(Comparative Example A), a Group II base oil alone (Comparative Example ,B) and the
combination of a Group II base oil and 10% by weight of an ester base oil (Comparative
Example C).

[00109] The trunk piston engine lubricating oil compositions of Examples 1-5 and
Comparative Examples A-C were tested for the amount of black sludge formation in the
Black Sludge Deposit (BSD) Test. In the BSD Test, a sample of test oil was mixed with 7.5
wt. % heavy fuel oil to form a test mixture. Each test mixture was pumped over a heated test
plate for a specified period of time. After cooling and washing, test plates were dried and
weighed. The weight of each steel test plate was determined, and the weight of the deposit
remaining on the steel test plate was measured and recorded as the change in weight of the

steel test plate. The results of the BSD test are set forth below in Table 1.
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combination of a Group Il base stock and 30% by weight of an ester base oil (Example 1} or
an alkylated aromatic base stock (Examples 2 and 3) or a base stock having an aromatic
content of at least 50% by weight (Examples 4 and 5) exhibited less black sludge deposit
formation than the trunk piston engine lubricating oil composition containing a Group 1I base
stock alone (Comparative Example B) and- exhibited comparable black sludge deposit
formation to a trunk piston engine lubricating oil composition containing a Group I base stock
alone (Comparative Example A). The trunk piston lubricating oil compositions containing

only a Group II base stock (Comparative Example B) and the combination of a Group Il base
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invention. Moreover, those skilled in the art will envision other modifications within the

scope and spirit of the claims appended hereto.

43



12. The trunk piston engine lubricating oil conposition according to Claim11,
wherei n the base stock having an aromatic content of at |east about 50% by

wei ght is a base stock having an aromatic content of from about 60% by wei ght
to about 70% by wei ght. 13. The trunk piston engine |ubricating oi
conposition according to Clains 1-12, further conprising one or nore trunk

pi ston engine lubricating oil conposition additives selected fromthe group
consi sting of an antioxidant, anti-wear agent, detergent, rust inhibitor,
dehazi ng agent, denul sifying agent, netal deactivating agent, friction
nmodi fi er, pour point depressant, antifoam ng agent, co-solvent, package
conpati bili : ' i nhibitor, ashless dispersant, dye, extrene pressure
agent and %ﬁ%ﬁTI§€i 8@'. 14. A nmethod for operating a trunk piston
engi ne, the netho I Si I ieaf | LT :0j S j p¢h a trunk
pi ston engi ne |Eﬁ?P@%ﬁ?ﬁg§%@?“égﬁggggﬁ?gﬁmggﬁgb Pﬁgmﬁgg%ng%@g%ﬁﬁg¥%ﬁ 15.

A et hOd. f grbajserg&fcﬁ\éi)ﬁgnigg %V%asft @@JA) bgf: \Leiglﬁ’ qpcﬂl.raieﬁ ihgzcilrt)é/ar%fns;]?angr(@%bagé Sth engi ne

| ubricating oil conpositron conprising a mjor anmount o ase stoc

cont ai ni ng s@}%cé%deﬁﬁltl t}gog(g&}fryco%kt j[of %gtaH regglelgasgfﬁ:g%koﬁﬁgrgg rﬁﬁt’ SS{eF Saslg%{oleﬁ’% .

conprising adding to the trunk piston engi ne ricating oil conposition a

base st ook sRELEG! Al LA LA (LR, FORSLAULAG0 Blenk hRDBBLEY, RATERL OCK

wherein th8 ester base s resent “in an anount greater t % by

wei ght andb&gdgﬂ L&l %v@%ﬁ'l; cﬁ.btﬂéliub ?&}h;{%lgyl}qi cﬁﬁky%{néﬁﬁ%ﬁ%ﬁ&t& orh @k Hasvei ght —of

the lubricating ol conpdsition, aromati ¢ base stock, (iii)

a base st Ogésglgg\gs 08BN Rk AIRL] G arGRR el ofd @g%ﬁ@tgt@%ﬁg W% e ght

wherein the stock having an aromatic content o éast “about 50% by

wei ght i's poty, ang M QRS G S¥LACLontcRNSE ML UBER shN&Right is not an aromatic

extract, and mixtures thereof.

2. The trunk piston engine lubricating oil composition according to Claim 1, wherein
the base stock comprising at least 90% by weight saturated hydrocarbons comprises at least
one of a Group TI base-stock, a Group Il base stock or a base stock derived from a Fischer-

Tropsch synthesized, waxy, paraffinic hydrocarbon material.

3. The trunk piston engine lubricating oil composition according to Claim 1, wherein
the base stock comprising at least 90% by weight saturated hydrocarbons comprises at least

one Group I base stock.

4. The trunk piston engine lubricating oil composition according to Claims 1-3, which

is substantially free of a Group 1 base stock.
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5. The trunk piston engine lubricating oil composition according to Claims 1-4,

wherein the base stock (b) is an ester base stock.

6. The trunk piston engine lubricating oil composition according to Claims 1-4,
wherein the base stock (b) is an ester base stock, wherein the ester base stock has a kinematic

viscosity of about 2 to about 10 cSt at 100°C.

7. The trunk piston engine lubricating oil composition according to Claim 5, wherein

the ester base stock is a polyol ester base stock.

8. The trunk piston engine lubricating oil composition according to Claims 1-4,

wherein the base stock (b} is an alkylated aromatic base stock.

9. The trunk piston engine lubricating oil composition according to Claim 8, wherein

the atkylated aromatic base stock is an alkylated fused and/or polyfused aromatic base stock.

10. The trunk piston engine lubricating oil composition according to Claim 8, wherein

the alkylated aromatic base stock is an alkylated naphthalene.

11. The trunk piston engine lubricating oil composition according to Claims 1-4,
wherein the base stock (b) is a base stock having an aromatic content of at least about 50% by

weight.
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12. The trunk piston engine lubricating oil composition according to Claim 11,
wherein the base stock having an aromatic content of at least about 50% by weight is a base

stock having an aromatic content of from about 60% by weight to about 70% by weight.

13. The trunk piston engine lubricating oil composition according to Claims 1-12,
further cbmprising one or more trunk piston engine lubricating oil composition additives
selected from the group consisting of an antioxidant, anti-wear agent, detergent, rust inhibitor,
dehazing agent, demulsifying agent, metal deactivating agent, friction modifier, pour point
depressant, antifoaming agent, co-solvent, package compatibiliser, corrosion-inhibitor, ashless

dispersant, dye, extreme pressure agent and mixtures thereof.

14. A method for operating a trunk piston engine, the method comprising lubricating
the trunk piston engine with a trunk piston engine lubricating oil composition according to

Claims 1-13.

15. A method for improving heavy fuel oil compatibility of a trunk piston engine
lubricating oil composition comprising a major amount of a base stock containing at least
90% by weight saturated hydrocarbons, the method comprising adding to the trunk piston
engine lubricating oil composition a base stock selected from the group consisting of (i) an
ester base stock wherein the ester base stock is present in an amount greater than 10% by
weight and no greater than about 45 % by weight, based on the total weight of the fubricating

oil composition, (ii) an alkylated aromatic base stock, (iii) a base stock having an aromatic
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content of at least about 50% by weight wherein the base stock having an aromatic content of

at least about 50% by weight is not an aromatic extract, and mixtures thereof.
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