/ TRUNK PISTON ENGINE LUBRICATING OIL COMPOSITIONS BACKGROUND OF THE IN NTION
- 1. Technical Field [0001]The present invention generally relates to trunk piston engine lubricating oll
compositions. 2. Description of the Related Art [00021Trunk 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 petroleum 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 d‘%}&sits tend to form. The formation of black sludge or deposit can adversely

affect the service inteh AR RAIERNEJSVBRIATINK B dr MBS TBI88 1 Presently, there is a
move in the industry in different regions of the world to replace Group | base oils with Group Il base
oils in trunﬁg&gﬂ 8{5?\139 Werany have a lower aromatic content than Group | base
oils, therebv'resgﬁﬁ'rgﬁn—ai il (also known as residual fuel oil) compatibility when
Group Il orl.hig&%ggpgggs are used in trunk piston engine lubricating oils rather than Group | base
oils. It is beliéved that this loss of heavy fuel oil compatibility is due to the much lower solubility of
asphalteneggginthe Grogf,l! ' Se Q| l base oils. Generally, the problem
of the Ioss?g(f]%e}:avy fuetIﬂ?)?ll %Qgﬁr%}[?ar%%ﬁ?tﬁgg Qt?ee%%ﬁ%%ﬁm@é%ﬁ ﬁr}ga%%r% ﬁnéga??ount of
detergent-eangaiingdrunk piston engine lubricating oil additive packages. 10004]U.S. Patent
Application Publication No. 20080039349 ("the '349 application™) discloses a lubricating oll
compositién Eestdiniog dBhargiied luaricating viscosity; (b) at least one overbased metal detergent;
and (c) at least one substituted diaryl compound. The 349 application further discloses that the
lubricatingf@ibmpositionrixpitits imgrevegaspghalieneadiapessancindoadiuek disiesoigsel engine.
[0005]U.S. Patent Application Publication No. 20090093387 (“the '387 application") discloses a
lubricatingted deavpoSisoritontdimsy (ala Griupil bassstdtkh anddb)atheutral esxdwtehased metal
hydrocarbyl-substituted hydroxybenzoate detergent having a basicity index of less than 2. The '387
applicatioBTATALY Ursbrovisurid mesheelsaftastinnerbacedawatdissdity| Aerdelergenthiginy a basicity

index of less than 2 improves asphaltene dispersancy in Group Il basestocks.
complex compounds believed to be composed of polyaromatic sheets containing alkyl side

chains, and are generally insélub]e in lubricating oils. When heavy fuel oiis and conventional
Iubricant oil composiiiéns mix in different temperature regions of a trunk piston engine, black
siudge (such as asphaltene deposits or other deposits) and other asphahene derived deposits
(such .as undercrown deposits) tend to form. The formation of biacic sludge or deposit can
‘adversely affect the service interval and maintenance cost of the trunk piston engine.

{0663} ' Presently, there is a move in the industry in different regions of the world to
repiace Group I base oils with Group II base oils in trunk engine oils. Group If base oils
generally have a lower aromatic content than Group I base oils, thereby resulting in a loss of
heavy fuel oil (also known as residual fuel oil) compatibility when Group I or higher base
oils are used in trunk piston engine lubricating oils rather than Group [ base oils. It is

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




[0006]W02008102114 ("the '114 application") discloses a liquid lubricant base oil composition useful
for a 2-stroke marine diesel engine cylinder oil, a 2-stroke marine diesel engine system oil, and a
4-stroke marine diesel engine. The lubricant base oil composition disclosed in the '114 application
contains (a) a base stock comprising at least 95 wt. % saturated hydrocarbons, and (b) 0.2 to 30 wt. %
of an aromatic (brightstock) extract. A bright stock is a high viscosity base oil which has been
conventionally produced from residual stocks or bottoms and has been highly refined and dewaxed.
The '114 application further discloses that the combination of a Group 11 base oil and a low polycyclic
aromatic brightstock extract demonstrated improved viscosity ratio and improved oxidation and wear
performance. [0007]It would be desirable to develop a trunk piston engine lubricating oil composition
containingeepbalsenstorkhedtitainiticathizast BO% il weight-stturatedhydrocarkonsewhinh exhibits
improved heavy fuel oil compatibility. SUMMARY [0008]In accordance with one aspect, a trunk piston

engine lubrichlény ditlcolsaditienvis fprodvidedroparipiisingae) cermeajiradmadiitafa base aigshe
containing at least 90% by weight saturated hydrocarbons; and (b) a minor amount of a base oil
having a Viscasioyiheaeseurpeot-kessainérg TOwnpigceyoigaliphatic diydrodarbbriveqnigabof. at least about
25 wit. %.JOOOQ]In accordance with an embodiment, a trunk piston engine lubricating oil composition is
provided d8#fdlising (a}'2>ni4israfmmnliseten BadisatoeNeo AAIRNNG Wik 4509 0% Shapplaightisaturated
hydrocarbons; and (b) a minor amount of a base oil having a VI of less than 70 and a cycloaliphatic
hydrocarbdicisstent gl e dosrpssitiongaairss thearuak plstorrienidghgeviabritating) oit
composition is substantially free of a Group I base oil. [0010]In accordance with a second aspect,
there is prooilicaaMRtRsH B peITETea¥ fukrbiragnepatilisored wimk pietorpendidddubricating
oil compogrj?t'gn cop%prisin%rgtmajor amount of a base stock containing at least 90% by weight
saturated ;4 rSERHSBNY! tHE RSB R8s RN adeftrgea airil sAveRAwttmg exhibits improved

asphaltene dispersancy in a trunk piston diesel engine.

10003] U.S. Patent Application Publication No. 20090093387 (“the ‘387 application™)

discloses a tubricating oil composition containing (a) a Group II basestock, and (b} a neutral

or overbased metal hydrocarbyl-substituted hydroxybenzoate detergent having a basicity

index of less than 2. The ‘387 application further discloses that the neutral or overbased metal

salicylate detergent having a basicity index of less than 2 improves asphaltene dispersancy in

Group II basestocks.

[6006] WO2008102114 (“the 114 application™) discioses a liquid lubricant base oil

composition useful for a 2-stroke marine diesel engine cyiinder oil, a 2-stroke marine diesel

engine system oil, and a 4-stroke marine diesel engine. The lubricant base oil composition

disclosed in the ‘114 application contains (a) a base stock comprising at least 95 wt. %

saturated hydrocarbons, and (b) 0.2 to 30 wt. % of an aromatic (brightstock) extract. A bright

stock is a high viscosity base oil which has been conventionally produced from residual

stocks or bottoms and has been highly refined and dewaxed. The ‘114 application further

discloses that the combination of a Group Il base oil and a low polycyclic aromatic



base oil having a VI of less than 70 and a cycloaliphatic hydrocarbon content of at least about .25 wt. %
- to the trunk piston engine lubricating oil composition. [0011]In accordance with a third aspect, there is
provided a method for operating a trunk piston engine comprising lubricating the trunk piston engine
with a trunk piston engine lubricating oil composition comprising (a) a major amount of a base stock
containing at least 90% by weight saturated hydrocarbons; and (b) a minor amount of a base oll

having a VI of less than 70 and a cycloaliphatic hydrocarbon content of at least about 25 wt. %.
[0012]In accordance with another embodiment, the use of a base oil having a VI of less than 70 and a
cycloaliphatic hydrocarbon content of at least about 25 wt. % for the purpose of improving heavy fuel
oil compatibility of.a trunk piston engine. lubricating oil composition.comprising a major amount of a
base stoc ngglr%ttgﬁ%"i n"&%%%ggwa%%éév%%ﬁv ggtﬁ%ﬁ 2t hy Pc?c%?@dﬁg it Vﬁ?oﬁ&%ﬁ??é & addition
of a base oyfhaving a VI of less than 70 and a cycloaliphatic hydrocarbon content of at least about 25
wt. % to g?ruorﬁ?%?sﬁjn engine lubricating oil composition comprising a major amount of a base stock
containin ast 90%_ by weigi,saturated hydrocarbons ad[\r/lz% tageously improyes the.heavy fuel oil
compatibﬁljglhﬁ the trurj;k ég'%gcr?é)ﬁglneél &Elr?cﬁ]lngeali?fégmapoa %n.gfﬁ?%%d?ﬁﬁh%eth\{eu%ﬂ% U%‘?st%ﬁ engine
ubricating, gl compesitions.gf.ihe, Present displose exhibiyleps blaghsludge folnjation than,a trunk
piston englnéjﬁﬂ)rlcatlng ol composition containing onfy"a basé stock ¢on ining & eadt %90 by

weight sat rhons..Eurther iston engine, lubricating oil compositions of the
present %ﬁc@%gl%gé{a%%%%é%agécﬁ(}s f&gg% fggﬁﬁilé}t%‘%%ﬁgﬁ%n rag\]/gé%t%}(idation resistance than the
trunk piston engine lubricating oil compositions of the present disclosure containing the combination of
a base stook containing at least 90% by weight saturated hydrocarbons and a brightstock. DETAILED
DESCRIRHON @~ THE PREFERRED EMBODIMENTS [0014]The present invention is directed to a
trunk piston engine lubricating oil composition is provided comprising (a) a major amount of a base
stock contaiaing at Ieasﬁl%gg@r gg%;ﬂgt saturaégd roc?rbons; and (b) a minor amount of a base oil

having a VI of less than 70 and a cyc ogﬁﬁﬁ%’t?c h%/ rocarbon content of at least about 25 wt. %. The

0 > ; ; o . .
ase Stocé%gﬂﬁtmﬂ%@ﬁé%ﬁ?E&Q;f&é%b‘P(‘?é%@ﬂiéHaé&ﬂg}b’%%‘@f 9ans g%n%%gnﬂ&%g%e?%%t’ﬂcﬁ major

amount, es_ an amount of greater than 50 wt. %, prefe reatert wt. %, more

preferably. from,ahout 30 taahau %%sgﬂu%a%ﬁ@&iﬁﬂ%%ﬁ‘?{é%d%%%&%%%B%b@f‘é Rt %,

based on the tota"weight of the composition. [0015]The base stocic ¢ontaining at least 90% by weight

saturated iygEoAra0RS By GRAIVONG Raeks GEOUR ! RASe R ANMR/HENGBLMOLE:SGQeP Il base

oils and/or a base stock derived from a Fischer-Tropsch synthesized, waxy, paraffinic hydrocarbon
material. Greug Lhbasesol-angd/or Group Il base oil can be any petroleum derived base oil of
lubricating viscosity as defined in APl Publication 1509, 14th Edition, Addendum I. Dec. 1998. API

guidelineggdmine a basg, sieckiasaibrcapbsampanemtthat may be manufactured using a variety of
different processes. Group Il base oils generally refer to a petroleum derived lubricating base oil

having a igtabselfpimeqnterkenyalitecailess shanp3e0ipartmperHmiion Mrmbiasdaeinggdy ASTM
D 2622, ASTM D 4294, ASTM D 4927 or ASTM D

stock containing at least 90% by weight saturated hydrocarbons; and (b) a minor amount of &

base oil having a VI of less than 70 and a cycloaliphatic hydrocarbon content of at least abott

25 wt. %, wherein the trunk piston engine lubricating oil composition is substantially free of 2

Group 1 base oil.

[0010] In accordance with a second aspect, there s

provided 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 a minor amount of a

G



3120), a saturates content equal to or greater than 90 weight percent (as determined by ASTM D
2007), and a viscosity index (VI)-of between 80 and 120 (as determined by ASTM D 2270). Group Il
base oils generally have less than 300 ppm sulfur, a saturates content greater than 90 weight percent,
and a VI of 120 or greater. In one embodiment, the base stock contains at least about 95% by weight
saturated hydrocarbons. In another embodiment, the base stock contains at least about 99% by weight
saturated hydrocarbons. In one preferred embodiment, the base stock containing at least 90% by
weight saturated hydrocarbons or at least about 95% by weight saturated hydrocarbons or at least
about 99% by weight saturated hydrocarbons is one or more Group Il base oils. 100161The second

component Ofc,‘i’[?%at{,unfbkapdﬁt%g%QH&g %bm@gfzgc%ﬁ SRS ARREhaYIRgAsY kokiess than
an

70, prefera%ely ess than about most preferably less than about 15 and a cycloaliphatic

hydrocarg%%%t%r;%lgtfg%t%{gtgﬁo%b&%%ql\%tfi Yo Jdsstermmnsyeigaliphatic hydrocarbon content” as used

herein shall be un mean the amount of cycloaliphat ¢ hydrocarbons as a percentage of the

total cartga ntent of the base oil, accarding to sta (gqsrd test ASTM D 2140. The cycloaliphatic
hydrocar dﬂnfllg prefera%lﬁcgoﬁ%ﬁﬁﬁ%mg %gég&T ’av?rrlg a naphthenic carbon content of at least about

25 wt. %, yhesein, dankiben.c,saihag conanbisielngsas Mg eme ehiapequiacasan as a .

percentaBIéOO the to rbon conterit of the base oil, according to standard test ASTM D 2140. In one

embodiment, 16, gydl W@E&Mﬂ@%‘f@f@&@cﬁﬂﬂ%@ﬁ ebihisbass cllimaticashpbaig30mbuage. In -

another embodiment, the cycloaliphatic hydrocarbon content of the base oil is from about 25 to about

- 55 wt. %, ln.apather embodiment. the Ly dealiialicibidiesrikancarientehhehags aikistom about

30 to about 55 wt. A. In one,—pref’érred embodiment, a base oil as component (b) of the trunk piston
engine lupricatipg.allcampesitian.of theJpresentanventiennasiaaxbriness thatahauicaiand a
cycloaliphatic hydrocarbon content of from about 30 to about 55 wt. %. [0017]The foregoing base oils
having a Yl of lessthar 40 apd a cycloaliphatic hydrocarbon content of at least about 25 wt. % are
either commercially available from such sources as San Joaquin Refining Company, Inc.,.e.g.,

RAFFEN;,&SQIL and thg like, arcaribe.Rsepaseddanany meikosk known in the art, e.g., U.S. Patent
No. 7,179,365. [0018]The base oil having a VI of less than 70 and at least about 25 wt. %

cycloaliphglic hyragaeboncaNteatistynically RIS SATiINAE THAGHL SRS Eofight BNAISauRabsanging
from about 5 to about 45 and preferably from about 10 to about 40 wt, %, based on the total weight of

the trunk pisign engipenlibricating Cikgempesiiens]003 BT berpatkipisten eoginepisbricatisigeoil
compositions of the present invention can have any total base number (TBN) that is suitable for use in
- trunk pistep,eRgiReseil Rergritatabhasengnbet)ar sHBM refersiecthodmannsioilyaselegquivalent to
milligrams of KOH in-1 gram of sample. Thus, higher TBN numbers reflect more alkaline products and
therefore aggranteradakintyaresapndodaieot BN mbihdetiunk piston engine lubricating oil compositions
can be measured by any suitable method, such as by ASTM D2896. In general, the trunk piston
engine luljgeasng oil cormpesititioa ednhase ailBiVinfat [Ehsf dssufi? dhdpdeferpbipfmntiabout 20
to about 60 and most preferably from about 30 to about 50. [0020]The trunk piston engine lubricating
oil compogitthosaof shecpresentfinzeltisnaanthafednywviscesityrthatissuitaplrefdnirsesiing eunk piston
engine. Generally, the trunk piston engine lubricating oil composition can have a viscosity ranging from
about 5 tacabputi@nosntistiokes 1 citjoatab0N@tariceprefe ity rontraonial (eest B R0GEELt 100C.
The viscosity of the trunk piston engine lubricating oil composition can be measured by any suitable
method, esguAST kyB32#0ons advantageously improves the heavy fuel oil compatibiiity of the frunk

piston engine lubricating oil composition. In addition, the trunk piston engine Jubricating oil
compositions of the present disclosure exhibit less black shudge formation than a trunk piston

engine lubricating oil composition containing only & base stock containing at least 90% by
weight saturated hydrocarbons. Further, the trunk piston engine lubricating oil compositions

of the present disclosure exhibit less black studge formation and improved oxidation resistance



[0021]The trunk piston engine lubricating oil compositions of the present invention can be prepared by
any method 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 mixing or dispersing
equipment may be used for blending, mixing or solubilizing the ingredients. The blending, mixing or
solubilizing may be carried out with a blender, an agitator, a disperser, a mixer (e.g., planetary mixers
and double planetary mixers), a homogenizer (e.g., @ Gaulin homogenizer or Rannie homogenizer), a
mill (e.g., colloid mill, ball mill or sand mill) or any other mixing or dispersing equipment known in the
art: 100221In one embodiment, the trunk piston engine lubricating oil compositions of the present
invention are substantially free of a Group | base oil. The ter "substantially free" as used herein shall
be understendhecTrns sl stgaR et oo aemormitvnanl Bgpisisstosiie eqgiagimamount less than
about 5 wt. %, preferably less than 1 wt. %, and most preferably less than 0.1 wt. (210, based on the
total weight GOTRBRAIMR Bt SREHiRE FOBIRRNR G dFEb At oRe e RTAr B Ry P 45888 3¢ as used
herein refers to a petroleum derived lubricating base oil having a saturates content of less than 90 wt.
% (as del%h%ﬁ%"é%ﬁ‘ﬂf'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 viscosity
index (V1) of greater than or equal to 80 and less than 120 (as determined by ASTM D 2270). [0023]In
one preferred embodiment, the trunk piston engine lubricating oil compositions of the present invention
reduce bl S0 Fe Rl TN £ 8 8 BREER R RS EN %lh@%%@ﬁ as an engine using a heavy
fuel oil, e.g., an asphaltene-containjng heavy fuel oil, by at least about 5%, preferably at least about
10%, morg’?)]ré}erably Ao FLE SO U SOV HEEESFERe dbIf Hlie RS b SHEBE AR B fpared to a
trunk piston engine Iu,bricatiﬁ il composition containing a major amount of a Group 1l base oil and a
minor amaﬁﬁPS?‘H%iﬁrﬁg?&‘% Be2aThe EM&%?B@EHBM& Bﬁi’éﬁ"ﬁﬁ&’ OB Gh<BFthe
present invention may also co ‘tgin conventi'ona(!t unk pjston engine I#b icatingf oil comp%ii-ti n
additives fOFiBai Tai?)‘iﬂf&}?gf HETRSAE RS Gi 0B A Rih RS HERO GHICBTES aeﬁaagﬁ%sl UG O
composition in which these additives are dispersed or dissolved. For example, the tru jston engine
lubricatind i W pBRbA A TN R ah%&%&a?%&gﬁéfﬁdé@er {E%Eich as

fction MU BUAPEAEat Lt A O R LR B T T SRR LD sore,
P e R e e s e
composti BTG RrgH B Lot BIEh g ocsclee OB N o atoAtiants
NN i O b S R, Penoce suich as. or example, BHT,
P S e L e i IR i R e
oo I e M R o
i B € S e R0 Y RSy Spbepabyam nes.
funcion. g e A LA B ML R e
by CODO'y%%ﬁﬁgeﬁﬁge%?g%%%%i@eﬁﬁ% %fgr'ﬁfe%ﬁl% Qethaceyatas yithmapomers af, %.aﬁgge

function; and t Ixtures thereof erivatives of these dispersants, e.g., borate

dispersantg,gych as Qﬁ@gﬁgssggﬁ}@@%? stHaY a@@%ﬁ%&ﬁ%@bmponem that may be manufactured

using a variety of different processes. Group II base oils generally refer to a petroleum -
derived lubricating base oil having a total sulfur content equal to or less than 300 parts per

million (ppm) (as determined by ASTM D 2622, ASTM D 4254, ASTM D 4927 or ASTM D



100271Examples of antiwear agents include, but are not limited to, zinc dialkyldithiophosphates and
zinc diaryldithtophosphates, e.g., those described in an article by Born et al. entitled "Relationship
between Chemical Structure and Effectiveness of Some Metallic Dialkyl- and Diaryl-dithiophosphates
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
compounds, metal or ash-free dithiocarbamates, xanthates, alkyl sulfides and the like and mixtures
thereof. [0028]Examples of detergents include, but are not limited to, overbased or neutral detergents
such as sulfonate detergents, e.g., those made from alkyl benzene and fuming sulfuric acid; phenates
(high overbased or low overbased), high overbased phenate stearates. phenolates, salicylates,
phosphonatés). thiophesphonates;dodiicsuriactenthancithe ke pacmidusestheieohL awmoyerbased
metal sulfonates typically have a total base number (TBN) of from about O to about 30 and preferably
from abouP 2016) adswia P5¢dsow indexbiaded finetatauFonate2andsnietdralnetal swiviaezaoe well
known in the art. 100291In one preferred embodiment, the trunk piston engine lubricating oil
compositibrisief thd e sdntdenasaliiohasntsintae Bi0mone oiéhaseduatialinmeartbreaatathan
hydrocarbyl-substituted hydroxyl benzoate detergents having a TBN of about 10 to about 450 such as
overbasedalehé Respai e patidyihyidfosy dieivioate eletermbedittavity 2B Mokabottiilato about
450. Generally, the detergents can be present in the trunk piston engine lubricating oil compositions in
amount of 8oLt ot 155 iwk! satBaksEchafreRarters wsighotthenthodimsistohehginethdricating oil
composition. 100301Examples of rust inhibitors include, but are not limited to, nonionic
polyoxyalR§EAEsRdrrE: gt J8RrdRyattighs setsvad BrHercHbRBx ey Reris igserrahoshiokether,
polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether, polyoxyethylene octyl stearyl
ether, poly ex%ﬁ?lf/ﬁ%#%wg‘[ﬁ’&?tp%ﬁ?&ggﬁwé‘f?ég%FB%P%RB%%‘Q@S@&I%‘ﬁ?@%h%ﬁ@%"érbitol
monooleatt)e, and polyethylene glycol monooleate; stearic acid and other fatty acids; dicarboxylic acids;
metal soap)é;“f%'t%g)gasgé&r %&%’g TR DB SRS St ARARA SRR VEIgHE TP dprbRsHb aRid ester of
polyhydri% gécghol;rgﬁg h?lrlé: este[s; (short-chain) alkenyl succmic acids; partial esters thereof and
eriv

nitrogen-contam’?nog Rtives théteof,; synthetic alkarylsulfonates, e.g., metal dinonylnaphthalene

sulfonates; the like.and mixtures thereof [0031]Examples of friction modifiers include, but are not -
imited to, L Slyiated 1 SCSO U Ry A Bk ERE Ty B QLEHTRBE ety WPRAIHG oty
amines, bé)B%ts%doﬁth%%l ted fatfy a ines, metal salts of fatty acids, fatty acid amides, erol esters,
borated glycerol est'ers;gam? Eﬁ%ﬂ ?ﬁwg?t az0 i6r¥1 S ﬁ%@?ﬁ%&%g ﬁ?lﬁ%}g.‘ i:;gait()a‘éln']?J IQR%%?%%%&%W@ contents

of which gre,IngarRqraied 9>e§sfséﬁaﬁ£i9%(%&f&c£fé§§9%3%9* S2:9939609M,A 1FACHRD prgeluct of 2

C_4 to C75, prefgrably a C6 to C24, and most prefera 0 tq atty aqid ester and a .
nitrogen-cogiaiingsampaNnd selpelat o Ie SiRhn onsising elAmmERIA, Andan ligpolamine
€,

and the like and mixtures thereof. [0032]Examples of antifoaming agents inclu ut are no{ limited to,
polymers &f cycloaliphatic hydrocarbons as a percentage of the total carbon conient of the base oil,
according to standard test ASTM D 2140. The cycloaliphatic hydrocarbon is preferably a
naphthenic base oil having a naphthenic carbon content of at least about 25 wt. %, wherein
‘naphthenic carbon content’ is defined as the amount of naphthenic carbon as a percentage of
the total carbon content of the base oil, according to standard test ASTM D 2140. in one
embodiment, the cycloaliphatic hydrocarbon content of the base oil is at least about 30 wt, %,
In another embodiment, the cycloaliphatic hvdrocarbon content of the base oil is from about

25 to about 55 wi. %. In anotber embodiment, the cycloaliphatic hydrocarbon content of the

base oil is from about 30 to about 55 wt. %. In one preferred embodiment, a base oil as



alkyl methacrylate; polymers of dimethylsilicone and the like and mixtures thereof [00331Each 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,
ranges 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. 100341If 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, enineradoibnap bk aridniecne, datueniepioyieneita farmanioadditive ponee nirateickhese
concentrates usually contain from about 20% to about 80% by weight of such diluent. Typically a
neutral oilbE&wing afVisseobiy abbabotiedde apvmlibatisthati@adandopteierdhyaboutig 36 mbout 6 cSt
at 100C will be used as the diluent, though synthetic oils, as well as other organic liquids which are
compatibl@?ﬁﬂiﬁﬁﬁéta‘@ditives and finished lubricating 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 f&ltAte directberidiraRinn hats @is rBeirgte aklophiess tahake srdck eovitilnigtiat least
90% by weight saturated hydrocarbons and base oil having a viscosity index of less than 70 and at
least abotY 98598 CoeIEHIiphatileHydisArbbN contait clbersaTHeTHiaHK praibibsngime sutficating oil
compositions of the present invention may be suitable for use in a 4-stroke trunk piston engine having
an engineq%‘brtg%aﬁfsgﬁolﬁ%‘@ LB SURIRStRonS Se RGN FpS 0k gndabsileoomemabout

er cylinder of about 50 to about 5,000, preferably about

1,000 rpm, and a brake horse-power (BHP) pe ] t

100 to ab8iiP ?%65%&%?{585%‘} i ffbglﬁeéﬁtoﬁtgrd@%%ﬁh@%d? Brifihes used for auxiliary
power generation applications or in land-based power generatjon applications are also suitable.
[00361Thé€?{o wing n?ﬁ?iﬁnjﬁ?ﬁgoéﬁ;(ar&%?@saar Iilﬁ’;évtf%%?végﬁ t#g Sr‘bgsé‘ﬁtlf’r?\?brﬁ‘i’é’ﬁ.t 2> WLEXAMPLES
compositoR MU el A5 BL SRS FaBIe LA UK AN e SR g o
compositions were prSep red as set for bdel I Fable .f %c t Op nyitie g oil
compositign Iscosity grade wi BN o H/g. tru iston engine
lubricating oi’f;c rﬁgsﬁgﬁi%}{%%%%pﬁegsafiﬂﬁ%ﬁ?/&hﬁ%ﬂeég%%%gle of tﬁ%ﬂl}‘r{vqesn Ion °v5%arsée?o?ﬁ1ulated

with the campnaianaf & BRI bass ol AcARRRRIRen base qil whereas the trunkc piston engine

lubricating oil compositions of Co 6arat|v Examples A- (outs‘fge} tlhe'scope of the

{0019} The trunk piston engine lubricating oil compositions of the present invention
can have any total base number (TBN) that is suitable for use in trunk piston engines. The
term "total base number" 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 alikalinity 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 oi! compositions can have a TBN of at least about 12 and
preferably from about 20 to about 60 and most preferably from about 30 to about 50,

10020] 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

piston engine lubricating oil composition can have a viscosity ranging from about 3 to about



invention) were formulated as follows: a Group Il base oil alone (Comparative Example A), and the
combination of a Group Il base oil and a brightstock (Comparative Examples B and C). A description
of the various base oils used in the trunk piston engine lubricating oil compositions is set forth below in
Table 2. [0038]The trunk piston engine lubricating oil compositions of Examples 1 and 2 and
Comparative Examples A-C were tested for the amount of black sludge formation in the Black Sludge
Deposit (B SD) Test. In the BSD Test, a sample of test oil was mixed with 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 38§ tieetthargddbtiveid i0 T tivel stexttasty pfate. Fhatrésulissbbihe BSD sestare setiforth below
in Table I. [0039]The trunk piston engine lubricating oil compositions of Examples 1 and 2 and
ComparativesExanylds At eistalsongstetifoicanigationcstapilitiyiin the) Rresseralifféreatial
Scanning Calor etry (PDSC) Test. In the PDSC Test (ASTM D 6186), the oxidation stability of oils is
measuredbialistEEiney e exothdfmie2Elease of energy that occurs when oils succumb to
auto-oxidation. Test oils were held 130C under 500 psi of oxygen pressure. The length of time
required ti'Pédth auto-bhidEHDh PsEeEnrel TrEdagion resigtantenard ibknowenamesidation
induction time. The results of the PDSC test are set forth below in Table 1. TABLE | Formulations
Comp. ExXC2R 'e\ﬁ,gr%jire%hypgrg)(pg}@ﬁ_mywn 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 mixing or dispersing equipment may be used for blending, mixing or
solubilizing the ingredients. The blending, mixing or solubilizing may be carried out with a
blender, an agitator, a disperser, a mixer (e.g., planetary mixers and double planetary mixers),
a homogenizer {(¢.g., a Gaulin homogenizer or Rannie homogenizer), a mill (e.g., colioid mill,
ball milf or sand mill) or any other mixing or dispersing equipment known in the art.
100221 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 T base oil,
¢.g., an amount less than about 5 wt. %, preferably less thar | wt. %, and most preferably less
than 0.1 wt. %, based on the tfotal weight of the trunk piston engine lubricating oil
composition. The term “Group | 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
12622, ASTM D 4294, ASTM D 4297 or ASTM D 3120) and has a viscosity index (V1) of

greater than or equal to 80 and less than 120 (as determined by ASTM D 2270).



Ex. 1 (wt.%) Comp. Ex. C (wt.%) Ex. 2 (wt.%) Additives: 350 TBN Ca alkylhydroxy benzoate 9.64
9.64 9.64 .

10023] In one preferred embodiment, the trunk piston engine lubricating oil
compeositions of the present invention reduce black siudge (or black siudge deposit) formation
in an engine such as an engine using a heavy fuel oil, e.g., an asphaltene-containing heavy
fuel oil, by at least about 5%, preferably at least about 10%, more preferably at least about
20% and most preferably at least about 30% when compared to a trunk piston engine
lubricating oil composition containing a major amount of a Group II base oil and a minor
amount of a brightstock.

[6024] The trunk piston engine lubricating oil compositions of the present invention
may also contain conventional trunk piston engine lubricating oil composition additives for
imparting auxiliary functions to give a finished trunk piston engine lubricating oil
composition in which these additives are dispersed or dissolved. For example, the trunk
piston engine lubricating oij compositions can be blended with antioxidants, anti-wear agents,
detergents such as metal detergents, rust inhibitors, dehazing agents, demulsifying agents,
metal deactivating agents, friction modifiers, pour point depressants, antifoaming agents, co-
solvents, package compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme
pressure agents and the like and mixtures thereof. A variety of the additives are known and
commercially available. 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.

[6025] Examples of antioxidants include, but are not limited to, aminic types, e.g.,
diphenylamine, phenyl-alpha-napthyi-amine, N,N-di(alkyiphenyl) amines; and alkylated

phenylene-diamines; phenolics such as, for example, BHT, sterically hindered alkyl phenols



9.64 9.64 140 TBN Ca alkylhydroxy benzoate/alkyl phenate 5.43 5.43 5.43 5.43 5.43 Succinimide
dispersant 1. OO 1.001.00 zZnDTP 0.71 -

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.

[0026] Examples of ashless dispersants include, but are not limited to, polyalkyiene
succinic anhydrides; non-nitrogen containing derivatives of a polvalkylene succinic
anhydride; a basic nitrogen compound sefected from the group consisting of succinimides,
carboxylic acid amides, hydrocarby] monoamines, hydrocarbyl polyamines, Mannich bases,
phosphonoamides, and phosphoramides; triazoles, e.g., alkyltriazoles and benzotriazoles;
copolymers which contain a carboxylate ester with one or more additional polar function,
including amine, amide, imine, imide, hydroxyl, carboxyl, and the like, e.g., products
prepared by copolymerization of long chain alkyl acrylates or methacrylates with monomers
of the above function; and the like and mixtures thereof. The derivatives of these dispersants,
¢.g., borated dispersants such as borated succinimides, may also be used.

[0027} 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-dithiophosphates 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 compounds, metal or ash-
free dithiocarbamates, xanthates, alkyl sulfides and the like and mixtures thereof,

[0028] R Exampies of detergents include, but are not limited to, overbased or neutral
detergents such as sulfonate detergents, e.g., those made from alkyl benzene and fuming

sulfuric acid; phenates (high overbased or low overbased), high overbased phenate stearates,

10



0.710.71 0.71 0.71 Foam inhibitor 0.04 0.04 0.04 0.04 Group H base oil (RLOP 220R) 20.00 20.00

phenolates, salicylates, phosphonates, thiophosphonates, ionic surfactants and the like and
mixtures thereof. Low overbased metal sulfonates typically have a total base number {TBN)
of from about 0 to about 30 and preferably from about 10 to about 25. Low overbased metal
sulfonates and neutral metal sulfonates are well known in the art.

[0029] In one preferred embodiment, the trunk piston engine lubricating oil
compositions of the present invention contain one or more overbased alkaline earth metal
hydrocarbyl-substituted hydroxyl benzoate detergents having a TBN of about 10 to about 450
such as overbased alkaline earth metal alkylhydroxy benzoate detergents having a TBN of
about 10 to about 450. Generally, the detergents can be present in the trunk piston engine
lubricating oil compositions in amount of about 1 to about 15 wt. %, based on the total weight
of the trunk piston engine lubricating oi! compaosition,

16030} Examples of rust inhibitors include, but are not limited to, nonionic
polyoxyalkylene agents, e.g., polyoxyvethylene lauryl ether, polyoxyethylene higher alcohol
ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octyiphenyl  ether,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol
monostearate, polyoxyethyiene sorbitol monooleate, and polyethylene glycol monooleate:
stearic acid and other fatty acids; dicarboxyiic 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,

11



Group H base oil (RLOP 600R) 83.22 43.18 63.18 44.18 64.18 Brightstock 20.00 20.00 Naphthenic
base oil 20.00

0031} 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, giycero! 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 from a reaction
product of a Cy to Cys, preferably a Cs to Cas, and most preferably a Cg to Cyq_fatty acid ester
and a nitrogen-containing compound selected from the group consisting of ammonia, and an
alkanolamine and the like and mixtures thereof.

[0032] Examples of antifoaming agents include, but are not limited to, polymers of
alkyl methacrylate; polymers of dimethylsilicone and the like and mixtures thereof.

[0033] 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, ranges 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 iubricating oil composition.

[0034] If desired, the trunk piston engine lubricating oil additives may be provided as
an additive package or concentraie 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 neutra! oi! having a Viscosity



20.00 Bench Test Results:  Black sludge deposits (mg) 84 41.1 17.1 17.9 12.4 PDSC Ox. Induction
Time 1 (min)

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 lubricating 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
base stock containing at least 90% by weight saturated hydrocarbons and base oil having a
viscosity index of less than 70 and at least about 25 wt. % cycloaliphatic hvdrocarbon content.
[0635] 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 mest preferably from about 100 to about 2,000. Engines used for auxiiiary power
generation applications or in land-based power generation applications are also suitable.

[0036] The following non-limiting examples are illustrative of the present invention.

EXAMPLES 1 AND 2 AND COMPARATIVE EXAMPLES A-C
[0037) Trunk piston engine lubricating oil compositions were prepared as set forth
below in Table . 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 iubricating oil
compositions of Examples 1 and 2 (within the scope of the invention) were formulated with
the combination of a Group II base oil and a naphthenic base oil whereas the trunk piston

engine lubricating oil compositions of Comparative Examples A-C (outside the scope of the
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28.6 29.7 28.3 29.5 PDSC Ox. Induction Time 2 (min) 28.9 29.7 28.6 29.5 PDSC Ox. Induction Time
Ave. (min) 28.8 29.7 28.5 29.5

invention) were formulated as follows: a Group II base oil alone (Comparative Example A),
and the combination of a Group II base oil and a brightstock (Comparative Examplgs B and
C). A description of the various base oils used in the trunk piston engine lubricating oil
compositions is set forth below in Table 2

[0038] The trunk piston engine lubricating oil compositions of Examples 1 and 2 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
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.

[0639] The trunk piston engine lubricating oil compositions of Examples 1 and 2 and
Comparative Examples A-C were also tested for oxidation stability in the Pressure
Differential Scanning Calorimetry (PDSC) Test. In the PDSC Test (ASTM D 6186), the
oxidation stability of oils is measured by detecting the exothermic release of energy that
occurs when oils succumb to auto-oxidation. Test oils were held 130°C under 500 psi of
oxygen pressure. The fength of time required to reach auto-oxidation is a measure of
oxidation resistance and is known as oxidation induction time. The results of the PDSC test

are set forth below in Table 1.
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[0040]As the data show, the trunk piston engine lubricating oil compositions containing the
combination of a Group Il base oil and a naphthenic base oil (Examples 1 and 2) exhibited both less
black sludge deposit formation and better oxidation stability than the trunk piston engine Iubriqating oil
compositions containing a the combination of a Group Il base oil and a brightstock (Comparative _
Examples B and C). The trunk piston lubricating oil composition containing only a Group Il ba_se oil
(Comparative Example A) demonstrated significant black sludge deposit formation in comparison to all
the other lubricating oil compositions. TABLE 2 API Base QOil Viscosity S, Base Oil Category Index

TABLE 1
Comp. Comp. Comp.
Ex. A Ex.B Ex.1 Ex.C Ex.2
Formulations (wt. %) (wt.%) (wt%) (wt%) (wt.%)
Additives:
350 TBN Ca alkylhydroxy benzoate 9.64 9.64 9.64 9.64 9.64
140 TBN Ca alkylhydroxy benzoate/alkyl 5.43 5.43 5.43 5.43 5.43
phenate
Succinimide dispersant 1.00 1.00 1.00 - -
ZaDTP 0.71 0.71 0.71 0.71 0.71
Foam inhibitor - 0.04 0.04 0.04 0.04
Group I base oil (RLOP 220R) - 20.00 - 20.00 -
Group 11 base oil (RLOP 600R) 83.22 4318 63.18 4418 64.18
Brightstock - 20.00 - 20.00 -
Naphthenic base oif - - 20.00 - 26.00
Bench Test Results:
Black sludge deposits (mg) 84 41.1 17.1 17.9 124
PDSC Ox. Induction Time 1 (min) - 28.6 29.7 28.3 295
PDSC Ox. Induction Time 2 {min) - 28.9 297 28.6 26.5
PDSC Ox. Induction Time Ave. {min) - 28.8 29.7 28.5 29.5
{0040] As the data show, the trunk piston engine lubricating oil compositions

containing the combination of a Group i base oil and a naphthenic base oil (Examples 1 and
2) exhibited both less black sludge deposit formation and better oxidation stability than the
trunk piston engine lubricating oil compositions containing a the combination of a Group 11
base oil and a brightstock (Comparative Examples B and C). The trunk piston lubricating oil
composition containing only a Group II base oil (Comparative Example A) demonstrated
significant black sludge deposit formation in comparison to all the other lubricating oil

compositions.
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(VOCN4 %CA5 %Cr6 (PPm) RLOP 220R 11 103 34 <1 66 <10 RLOP 600R1 I1 101 28 <1

TABLE 2
AP] Base Oil  Viscosity . S
Base (il Category Index %Cn' %CA %G (ppm)
RLOP 220R! I 103 34 <] 66 <10
RLOP 600R' i 101 28 <l 72 <10
Brightstock® I 96.5 39.4 9100
Naphthenic’ v 5 46 10 44 7420

‘A Group I base oil available from Chevron Products Com ®pdny

“A Group 11 base oil available from ExxonMobil as CORE® 2500.

Avaliable from San Jaoquin Refining Co. as RAFFENE® 7501,

Naphthemc carbon content as a percentage of the total carbon content of the base oil.
Aromatlc carbon content as a percentage of the total carbon content of the base oil.
SParaffinic carbon content as a percentage of the total carbon content of the base oil.

[6041] It will be understood that various modifications may be made to the
embodiments disclosed herein. Therefore the above description should not be construed as
limiting, but merely as exemplifications of preferred embodiments. For example, the
functions described above and implemented as the best mode for operating the present
invention are for illustration purposes only. Other arrangements and methods may be
implemented by those skilled in the art without departing from the scope and spirit of this

invention. Moreover, those skilled in the art will envision other modifications within the

scope and spirit of the claims appended hereto.
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72 <10 Brightstock2 1 96.5 39.4 9100 Naphthenic3 V 5 46 10 44 7420

10

15

WHAT IS CLAIMED IS:

. A trunk piston engine lubricating oil composition comprising (a) a major
amount of a base stock comprising at least 90% by weight saturated hydrocarbons; and (b)
a minor amount of a base oil having a viscosity index (VI) of less than 70 and a

cycloaliphatic hydrocarbon content of at least 25 wt. %.

2. The trunk piston engine lubricating oil composition of Claim 1, wherein the
base stock comprising at least 90% by weight saturated hydrocarbons comprises at least
one of a Group IT base oil, a Group III base oil or a base stock derived from a Fischer-
Tropsch synthesized, waxy, paraffinic hydrocarbon material.

3. The trunk piston engine lubricating oil composition of Claim 1, wherein the
base oil comprising at least 90% by weight saturated hydrocarbons comprises a Group II
base oil and the base oil having a VI of less than 70 and a cycloaliphatic hydrocarbon
content of at least 25 wt. % is a base oil having a VI of less than 70 and a naphthenic

carbon content of at least 25 wt. %.

4. The trunk piston engine lubricating oil composition of Claims 1-3. which is

substantially free of a Group I base oil.
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‘A Group Il base oil available from Chevron Products Comepany. 2A Group Il base oil available from
ExxonMobil as CORE 2500. 3Available from San Jaoquin Refining Co. as RAFFENE(r) 750L.
4Naphthenic carbon content as a percentage of the total carbon content of the base oil. 5Aromatic
carbon content as a percentage of the total carbon content of the base oil. 6Paraffinic carbon content
as a percentage of the total carbon content of the base oil. 1004111t will be understood that various
modifications may be made to the embodiments disclosed herein. Therefore the above description

hould not b trued ting, hut lificat f d d t F
example, the fun iéﬁ‘&aﬁiel%ﬂé'a@%g%@%%ﬁﬁt&%?ﬁﬁ&é?ﬁ@qﬁé%ﬁtéﬁéf%r%@@%t%%e o present
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a major a unt 0) a base stock compnsmg at least 90% by weight saturated hydrocarbons; and (b)

a minor a fa base oil having a viscosity index (V1) of less than 70 and a 5cycloaliphatic
hydrogarbon content of at least 25 wt. %. 2. The trunk piston engine lubricating oil composition of
Claim’1, wherein the base stock comprising at least 90% by weight saturated hydrocarbons comprises
at least one of a II base oil, a Grou lP Se oil ora basetstocl%gﬁnved fr m, Flsc{er-
10Tropsch synth s atai&/”t?&r%ﬁ &R gggrbgnoma Sty oon runk pis c?neégng}ﬁe

lubricating oil co giI?Bosrttlo Ialm Wherel ehase oil c%sn#é sin 3t ?a%agO% 5}/ efj%ht
saturated Hﬁ}t}%é‘ BRS rlr?p &S %?I ase 2’) H‘)avm P61e4s than 70
0
and a Cyc'? efﬁa%f VRieeaben %E?S?}S%t ofatleast 22 Wi 5 a8 ‘?aP!\!v&aYt{‘g’f%t\é't?Jn'Fss than
70 and a I
piston engine fubricating oil composition.
10
7. The trunk piston engine lubricating oil composition of Claims 1-6, further
comprising one or more trunk piston engine lubricating oil composition additives selecied
from the group consisting of an antioxidant, anti-wear agent, detergent, rust inhibitor,
dehazing agent, demulsifying agent, metal deactivating agent, friction modifier, pour point
15 depressant, antifoaming agent, co-solvent, package compatibiliser, corrosion-inhibitor,

ashless dispersant, dye, extreme pressure agent and mixtures thereof.
8. The trunk piston engine lubricating oil composition of Claims 1-7, further

comprising an overbased alkaline earth metal alkylhydroxy benzoate detergent having a

20  total base number (TBN) of 10 to 450,
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carbon content of at least 25 wt. %. 4. The trunk piston engine lubricating oil composition of Claims
1-3, which is substantially free of a Group | base oil. 5. The trunk piston engine lubricating oil
composition of Claim 1, wherein the base oil having a VI of less than 70 and a cycloaliphatic
hydrocarbon content of at least 25 wt. % is a base oil having a VI of less than 35 and a naphthenic
carbon content of at least 25 wt. %. 5 6. The trunk piston engine lubricating oil composition of
Claims 1-5, wherein the minor amount of the base oil having a VI of less than 70 and a cycloaliphatic
hydrocarbon content of at least 25 wt. % is from 5 to 45 wt. %, based on the total weight of the trunk
piston engine Iub?icaﬁiﬁﬁegﬂoéof?fbﬁgﬂf(?ﬁ].nﬁoheaw?f.u?hBI{rﬁWEﬂ%Htér?giﬁetrlﬁﬂ?iE%% BiFESmposition
of Claims 1-6, further comprising one or mgre trunk piston engine lubricating oil compaosition additives
selected fiSRTHRE trSipbeeaHsst wéf’awré%ﬂ%ﬂdﬁﬂﬂraﬂﬁ%@%&g@éﬁﬁ &E%%Egcé’f‘?%?}%‘&giﬁh %ﬁ%r,
dehazing agent, demulsiying agent, metal deactivating agent, friction modifier, pour point
15depressatit %ﬂ*fs%ﬁﬁa%éﬁ,hé&rgsmﬁﬁpé& g“%igﬁfﬁﬁﬂﬁfﬂ&%ﬁ%ﬂ%@i%ﬂ%ﬁﬁ%‘r‘?&%ﬂlegs

dispersant,ogye, extreme pressure agent and mixtures thereof, 8. The trunk piston engine
lubricating?oiPEoMbAgHIBR B RIS LR il HB?‘QHCo%‘?H%@Q&OQllf%SﬂW@‘e‘H?ﬂH Tl

alkylh dro>a<¥ benzoat deteﬁent having arﬁ%t,otal base number (TBN) of 10 to 450. 9. A method
for imgrov' g HedviPrs BH Yo BRSPS R GARIS SEOABRERE Aibricating oil composition comprising
a major amount of a base stock containing at least 90% by weight saturated hydrocarbons, the method
comprising adding a minor amount of a base oil having a VI of less than 70 and a cycloaliphatic

hydrocarbon content of at least 525 wt. % to the trunk piston engine lubricating ojl co sition.
10, The method OTCIa SARAGI B ASe SO O S g S SREO Dy ETEhy CPated
hydrocarbons comprises gt least one of a Group 11 base oil, a Group ll] base oil, or a base, stock
derived froff EEiSEHER A QISER L PRHS B dred), BATRARRTEL fORAFBCArBH idkedrafou I

base oil or a base stock derived from a Fischer-Tropsch svnthesized., waxy, parafinnic

10 hydrocarbon material.

11. The method of Claim 9, wherein the base stock comprising at least 90% by
weight saturated hvdrocarbons comprises a Group II base oil and the base oil having a VI
of less than- 70 and a cycloaliphatic hydrocarbon content of at least 25 wt. % is a base oil

15 having a VI of less than 35 and a naphthenic carbon content of at least 25 wt. %.
12. The method of Claims 9-11, which s substantially free of a Group I base oil.
13. The method of Claims 9-12, wherein the minor amount of the base oil having
20 a VI ofless than 70 and a cycloaliphatic hydrocarbon content of at least 25 wt. % 1s from 5

to 45 wt. %, based on the total weight of the trunk piston engine lubricating oil

compostiion.
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11. The method of Claim 9, wherein the base stock comprising at least 90% by weight saturated
hydrocarbons comprises a Group li base oil and the base oil-having a VI of less than 70 and a
cycloaliphatic hydrocarbon content of at least 25 wt. % is a base oil 15having a VI of less than 35 and
a naphthenic carbon content of at least 25 wt. % 12. The method of Claims 9-11, which is
substantially free of a Group | base oil. 13. The method of Claims 9-12, wherein the minor amount
of the base oil having 20 a VI of less than 70 and a cycloaliphatic hydrocarbon content of at least 25
wt. % is from 5 to 45 wt. %, based on the total weight of the trunk piston engine lubricating oil
composition. 14. The method of Claims 9-13, wherein the trunk piston engine lubricating oil
composition further comprises one or ore trunk piston engine lubricating oil composition additives
selected from the4groupecansistingfoCanangoxdaricRti-Neanageplsstergsit, fuskinhibiter.
dehazing agent, demulsifying agent, metal deactivating agent, friction modifier, pour point depressant,
antifoamingrapeiticoofsoheent) packageneom padibilisark gastasioninbihitei.asbless dispetsant, dye,
extreme pressure agent and mixtures thereof 15. A method for operating a trunk piston engine,
the methouldsivisrisiegiédtiivatihg ghertrankspistorn Engine wvitlva: trimk-pistonengisedubricating oil
according to Claims 1-8.

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,

15, A method for operating a trunk piston engine, the method comprising lubricating

the trunk piston engine with a trunk piston engine lubricating oil accordin g to Claims 1-8.
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