TRUNK Pl STON ENG NE LUBRI CATI NG O L COVPGCSI Tl ONS
BACKGROUND OF THE | NVENTION 1. Technical Field [00011
The present invention generally relates to trunk
pi ston engine lubricating oil conpositions. 2.
Description of the Related Art [00021 Trunk piston
engi nes operate using various types and qualities of
di esel fuels and heavy fuel oils. These fuels
typically contain high concentrations of asphaltenes,
generally the heaviest and nost polar fraction of
petroleumdistillate. Asphaltenes are highly conplex
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chains, and are generally insoluble in lubricating oils. When heavy fuel oiis and conventional
lubricant oil compositions mix in different temperature regions of a trunk piston engine, black
siudge (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. |

[06G3] ' Presently, there is a move in the industry in different regions of the world to
replace Group I base oils with Group I base oils in trunk engine oils. Group II 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 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 | base oils. Generally, the

probl em of the | oss of heavy fuel oil conpatibility

has been typically addressed by increasing the

amount of detergent-containing trunk piston engine

lubricating oil additive packages. [0004] U. S

Pat ent Application Publication No. 20080039349 ("the

"349 application") discloses a lubricating oi

conposition containing (a) an oil of lubricating

viscosity; (b) at |east one overbased netal
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[6006] WO2008102114 (“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 I base oil and a low polycyclic aromatic



2 brightstock extract denonstrated i nproved viscosity.

rati o and i nproved oxidation and wear perfornance.

[00071 It would be desirable to develop a trunk

pi ston engine lubricating oil conposition containing

a base stock containing at | east 90% by wei ght

saturated hydrocarbons, which exhibits inproved

heavy fuel oil conpatibility. SUMVARY OF THE

| NVENTI ON [ 0008] In accordance with one enbodi nent of

“the present invention, a trunk piston engine

| ubricating oil conposition is provided conprising
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[0009) In accordance with a second 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 minor amount of a
base oil having a VI of less than 70 and a cycloaliphatic hydrocarbon content of at least about
25 wt. %, wherein the trunk piston engine lubricating oil composition is substantially free of a
Group I base oil.

{06010] In accordance with a third embodiment of the present invention, there is
provided a method for improving heavy fuel oil compatibility of a trunk pision 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



3 base oil having a VI of less than 70 and a
cycl oal i phati ¢ hydrocarbon content of at |east about
25 wt. %to the trunk piston engine |ubricating oi
conposition. [0011] In accordance with a fourth
enbodi nent of the present invention, there is

provi ded a nmethod for operating a trunk piston engi ne
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[0013] The addition of a base oil having a VI of less than 70 and a cycloaliphatic
hydrocarbon content of at least about 25 wt. % 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 engine lubricating oil
compositions of the present invention exhibit less black sludge formation than a trunk piston
engine lubricating oil composition containing only a base stock containing at least 90% by
weight saturated hydrocarbons. Further, the trunk piston engine fubricating oil compositions

of the present invention exhibit less black siudge formation and improved oxidation resistance



of the present invention exhibit |ess black sludge
formation and i nproved oxidation resistance 4 than a
the trunk piston engine |ubricating oil conpositions
~of the present invention containing the conbination
of a base stock containing at |east 90% by wei ght
saturated hydrocarbons and a brightstock. DETAILED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS [ 0014] The
present invention is directed to a trunk piston
engine lubricating oil conposition is provided
conprising (a) a major anount of a base stock
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about 9% wt. %, based on the total weight of the composition.

[0015] The base stock containing at Jeast 90% by weight saturated hydrocarbons may
contain one or more Group II base oils and/or one or more Group III base oils and/or a base
stock derived from a Fischer-Tropsch synthesized, waxy, paraffinic hydrocarbon material. A
Grogp IT base oil and/or Group III base oil can be any petroleum derived base oil of
lubricating viscosity as defined in API Publication 1509, 14th Edition, Addendum I, Dec.
1998. API guidelines define a base stock as a lubricant component that may be manufactured
using & 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 4294, ASTM D 4927 or ASTM D



mllion (ppm (as determ ned by ASTM D 2622, ASTM D
4294, ASTM D 4927 or ASTM D 5 3120), a saturates
content equal to or greater than 90 wei ght percent
(as determ ned by ASTM D 2007), and a viscosity

i ndex (VI) of between 80 and 120 (as determ ned by
ASTM D 2270). Goup Ill base oils generally have

| ess than 300 ppm sul fur, a saturates content greater
than 90 wei ght percent, and a VI of 120 or greater.

I n one enbodi ment, the base stock contains at | east
about 95% by melght saturated hydrocarbons.
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cyc]ogln@a@gb@rgq:qrb@rgcqm@ﬁ ampngd herein shall be understood to mean the amount

of cycloaliphatic hydrocarbons as a percentage of the total carbon content of the base oil,
according to standard test ASTM D 2140. The cycloaliphatic hydrocarbon is preferably a
napnthenic base oil having a naphthenic carbon content of at least about 25 wt. %, wherein
“naphthenic carbon content‘ is defined as tne 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 hydrocarbon content of the base oil is from about
25 to about 55 wt. %. In another 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



25 to about 55 wt. % In another enbodi nent, the

cycl oal i phati ¢ hydrocarbon content of the base oi

is fromabout 30 to about 55 wt. % In one preferred

enbodi nent, a base oil as 6 conponent (b) of the

trunk piston engine lubricating oil conposition of

the present invention has a VI of |ess than about 35

and a cycl oal i phatic hydrocarbon content of from

about 30 to about 55 wt. % [0017] The foregoing

base oils having a VI of less than 70 and a

cycl oal i phatic hydrocarbon content of at |east about
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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 alkalinity reserve. The TBN of the trunk piston engine Iubricating 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 and
preferably from about 20 to about 60 and most preferabiy from about 30 to about 50.

[0020] 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 5 to about



[0020] The trunk piston engine |ubricating oi
conpositions of the present invention can have any
viscosity that is suitable for use in a trunk piston
engine. Cenerally, the trunk piston engine

| ubricating oil conposition can have a viscosity
rangi ng fromabout 5 to about 7 25 centistokes (cSt)
at 100C and preferably from about 10 to about 20 cSt
at 100C. The viscosity of the trunk piston engine

| ubricating oil conposition can be neasured by any
sui tabl e nethod, e.g., ASTM D2270. [0021] The trunk
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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 wt. %, preferably less than 1 wt. %, and most preferably less
than 0.1 | wt. %, 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
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).



D 2007) and/or a total sulfur content of greater than
300 ppm (as determ ned by ASTM D 2622, ASTM D 4294,
ASTM D 4297 or ASTM D 3120) and has a viscosity index
(M) of greater than or equal to 80 and |l ess than
120 (as determ ned by ASTM D 2270). 8 [0023] In one
preferred enbodi nent, the trunk piston engine
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may aﬁ@ oS! é’dn@%ﬂ%ﬂer e %Baeln a}g}gﬁc\éﬁﬁ% B c@&ﬁ@&ﬁom additives for

rlctlon no epres

1mpart%gt >? ﬁg:yn G, RHS o Cf(\)fe 3 oh edb ;tliuggg]l:n(ig%g hF%gé%e lubricating oil

Ilsers Cor 3€i Bn'
ers nts extre nts and tF

compopRh Th i Bt GLdibey esﬁw&?vgnreilwﬁfggt Heor Geiampioy e trunk

are known and_ commercially avail able. These
piston %%Pft jubdeating oil qegposifingg @D @WaD Biithagtiondaipanti-wear agents,

npl oyed for the preparation of the trunk piston

deterg@ﬁﬁgs dsuipetat deteragnisi rust orploirs.i dehezing agdnss, demahsifyimg agents,

by the
metal deactivating agents, friction modifiers, pour point depressants, antifoaming agents, co-
solvents, package compatibilisers, corrosion-inhibitors, ashiess dispersants, dyes, extreme
pressure agents and the like and mixtures thereof. A variety of the additives are known and
cominercially available. These additives, or their analogous compounds, can be employed for
the preparation of the trunk piston engine lubricating 0il compositions of the invention by the
usual blending procedures.
[0025] Examples of antioxidants include, but are not limited to, aminic types, ¢.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



usual bl endi ng procedures. [0025] Exanpl es of
anti oxi dants include, but are not limted to, amnic
types, e.g., diphenylam ne,
phenyl - al pha- napt hyl -am ne, N, N-di (al kyl phenyl)
am nes; and al kyl ated phenyl ene-di am nes; phenolics
such as, for exanple, BHT, sterically hindered al kyl
phenols 9 such as 2,6-di-tert-butyl phenol,
2,6-di-tert-butyl -p-cresol and
2,6-di-tert-butyl-4-(2-octyl-3- propanoic) phenol;
and m xtures thereof. [0026] Exanples of ashless
such &4 3pefiS@Nb&yIpAEANI e 6-A1trt-BLEG1-PRleshl Fid 8%-diQert-butyl-4-(2-octyl-3-
pol yal kyl ene” succi ni ¢ anhydri des; non-nitrogen

pmmmﬁQB%ﬁEﬂhﬂ&d%%%hﬂéﬁh&%&ﬁOf a pol yal kyl ene succinic

anhydri de; a basic nitrogen conpound sel ected from

the gr nsd sting.of succinimdes, carboxylic
0026, i al%ﬁgn gf% ?Sfya Elié’cs:sgglﬁgﬁrs nlggwgl?ieél,% aﬁ“y‘&‘%o‘@é‘f‘%y‘im polyalkylene
._pol i hes, Manni ch bases, . osphonoanj des, . and o

suceiniéy AORYASHER: BRTiFgen, Gpuaining” GorVaNgY | O ifaFohelyigng succinic
bhenzotriazol es; copolynmers which contain a )

anhydides obasicapiogay egmpgung sslseted frompithe 2igup cpeviing gy sugcinimides,
function, including amne, am de, imne, imde,

carboxpyljgl peidyamidesa hipdregarbylamdnaaangsi kpdroearyl, popyaoduoest annich bases,
prepared by copol ynerization of |ong chain al kyl

phosplampythiales sandr phespharamydeas @sazolet,he op ndiogtrizizoled ahdh ebenzotriazoles;
above function; and the |like and m xtures thereof.

copolyfiees d@ichV@hiaies @fbokhRELeslrSPRE 988108 mor€ additioRdAl# Gunction,
di spersants such as borated succinimdes, nay also be

including e4nink 0Qide, ErRAB! 18340 hyRRbdy WAL bRGENLR] HIRC hi%j,ee. gg #goducts

are not limted to, zinc  dialkyl dithi ophosphat'es

e Bl | SP RSN Sh s PR LERREL P e

an ‘arti

ot R 5 O BRSSP s
Di f t Lubrj d hani [ [
e b TR B 5SS o SEPEEAS, N

pages 97-100; aryl . ]
[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
Metaliic Dialkyl- and Diaryl-dithiophospbates 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 necutral
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,
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phosphat es and phosphites, sulfur-containing esters,
phosphosul fur conpounds, netal or ash- free
di t hi ocar bamat es, xant hates, al kyl sulfides and the
i ke and m xtures thereof. [0028] Exanpl es of
detergents include, but are not limted to, overbased
or neutral detergents such as sulfonate detergents,
e.g., those made from al kyl benzene and fum ng
sul furic acid; phenates (high overbased or |ow
over based), high overbased phenate stearates, 10
phenol ates, salicyl ates, phosphonates,
phenolafis ORNRSRRONA RBhora®R] hisiobROhAN S0P Guthi@adt K8d I ike and
m xtures thereor. Low overbased netal sulfonates
: ' I I fro
mixtuGl AL L oRTNEn s Oiglel SERER B ARRENY RRR 81 oflinper croo
about 25.  Low over base t al |.f onat and neutra
of ol Al Cdiop Bl R PR T e SRS E 57 Sttt meta
one preferred enbodi nent, the trunk piston engine
sulfongigs pdcneqiitpgneial Ul pREAT PreBiSOB e afr esent
i nvention contain one or nore overbased al kaline )
[0029ear t h THetBt Prefpdicd c ambodimstibsthpt tadd Mstam oxigine fubricating oil
benzoate detergents having a TBN of about 10 to about
compasiions ofithe presapy éntsaten cantkial ¢neeoremotehoveiaadd alkaline carth metal
al kyl hydroxy benzoate detergents having a TBN of
hydroatigirsutkOtutal aldenity] 8&0oaeeierrgntsyhavinhe THY ef gieni 30 é@dbout 450
be present in the trunk piston engine |ubricating
such a®iover®@eaQkdlin® Rarth @MUY Th Rfro:20BeHzode ldetefRAt halhg™ TBN of
% based on the total weight of the trunk piston

about PO Bouk UBHT GRLLRAMY Olnk ERPRAR éain%'prg&gt?’?l] th_g)%lglgleLpgsfton engine

of rust inhibitors”include, but are not limt

_ L | . | .
lubncagigg ;?g %bﬁ“l{)ﬂs{;ﬁér&qﬁ %ﬂlohﬁfq o%gﬁ%lﬁqetg b ?ut Q5% % Pased op ithgehtgtral weight

Xye ene laury er, pg yoxyet hyl'ene

v SCH EATE R BV GHHBBF T ey et

[0(}30]88't zgﬁ(tég’ﬁ{ﬂ)éleﬂ tlglgt:: gwﬁ%{&?’%ﬁt %/,le Etgtagel,: er}/c!t ieiltnri]tgcg "to, nonionic
POIYOnglly%}/]g])l(g %ﬁgt ;a?lgfc?)iytetohlyle?lg qg%}eg&lg: pglr;gxye%lly){eenteh}}/ilghee? ealcohol
ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,
polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol
monostearate, polyoxyethylene sorbitol monooleate, and polyethyiene gl-ycol 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 dinbnylnaphthalene sulfonates; and

the like and mixiures thereof.
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stearic acid and other fatty acids; dicarboxylic
acids; netal soaps; fatty acid amne salts; neta
salts of heavy sulfonic acid; partial carboxylic acid
ester of polyhydric al cohol; phosphoric esters;
(short-chain) al kenyl succinic acids; partial esters
t hereof and nitrogen-containing derivatives thereof;
synt hetic al karyl sul fonates, e.g., neta

di nonyl napht hal ene sul fonates; and the |ike and

m xtures thereof. 11 [0031] Exanples of friction

nodi fiers include, but are not limted to,

[0031R! KoxykahetbsfatatitionafbdBsrs iRMERL BiF st diYingReXb IfiSoxylated fatty
fatty phosphites, fatty epoxides, fatty am nes,

am1ne$05&%f%g fa g ld%‘é e?at{yabhqnpgﬂ‘éaniéﬁ @EBﬁPess aﬂa{tf aQIflines borated

aC| fatty acrd éste

cer ter n azol.ine
alkox Iet&ii a?tg 8%5% % a‘é‘%t g‘ nﬂ?ﬁyl\% (gs %%‘?f&é]gaémg?sh 8lyesh ? eﬁ%rg borated
of e or at efere reij
aveerl sl S Bl GRS 2k Seted BLTSRS Sfooﬁﬁaﬁé’éﬁb? contents
of a C4 to Cr5, preferably a C6.to C24 and nost
of Whﬁh@rf% inepRpraiedoly weferepee hetgi: frigtiqngmedifigrs obigigeds from a reaction
ni t rogen-contai ni ng conpound sel ected fromthe group
produdt @h 8 i(sttd figs, ofelerably i Gs, todhe 2ad mast Regfeodbdnk & tafich, fae acid ester
i ke and mi xtures thereof. [0032] Exanpl es of
and a mitbgémemitaiging gempsurdnel acthd, frdmi theagreum odnsisting b€ dmbrmpia, and an
" polynmers of al kyl nethacrylate; polyners of
alkanothniiBé oy thé lik€ oiiemadgtet MRrdof. ke and m xtures t hereof.
[ 0033] Each of the foregoing additives, when used, is

[oo321used atxathplddNFtan@idblivg 8E&RE tckRe, RARMO hot H’mit@&)?{f tpolymers of

t he deS|red propertles to the lubricant. Thus, for
i
o R 0 A g LT
[0033] ggg: ]; II%[C?}A?C edforegomél i llr{fgg i hZG}L'{];u];S:I ﬁe Q%ed Cag a tf%rgpq[%ﬁgal y eeffectwe

| ubri cant . oncentration of ac of .
amount oleipaaits 44y BLP RFRS E&@a P od g BB, 6 diye s 2
. . to about 20% Db and |n one enbodi ment about
fricttomymedics. 3 Tuprsigpal iyoeﬁfegng@mﬁt o s ficgan pdifier 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 lubricatihg oil composition.

[0034] If desired, the trunk piston engine Iubricating oil additives may be provided as
an additive package or concentrate in which the additives are incorporated into a substantially
tnert, 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
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total weight of the lubricating oil conposition.
[0034] If desired, the trunk piston engine '

| ubricating oil additives nmay be provided as an
addi ti ve package or concentrate in which the
additives are incorporated into a substantially
inert, normally liquid organic diluent such as, for
exanple, mneral oil, naphtha, benzene, toluene or
xyl ene to forman additive concentrate. These
concentrates usually contain from about 20%to about
80% by wei ght of such diluent. Typically a neutra

f abof I tOaVIRG. Pt ' t B0 v
oraBLb GRS 89081 b B2cBIIFRRM i ol £ i v

s SO0 W Dl S U5, 4L VAT PSR S
comp AT 5 A LRSRERY oh BhEr p. oe iin

ackage W Il typically contain qgne or_ nore of the i
packa a‘f”}iﬁ icalliron 59}16 P rs gl yarppsadditivas. refsrred s phoug in the
_anounts and ratios to facilitate direct conbi nation
desired\pppunty, ang &xiigh 49 deciidpsulitecoompbinatidpagish gheorsluisite amount of the
contai ning at | east 90% by wei ght saturated
base stegld cottainbngres leastl 90%sley wiighh sarimagd iydudcsibosd dnd basdex having a
of less than 70 and at | east about 25 wt. %
viscosity mbeabf ipdsaharc hytdr 0 ¢ataboucIind e it cycldalip@hic higchmbum Kontent,
. piston engine lubricating oil conpositions of the
f0035]Pr esertthel MR Hi4tOR engTBY hhﬁilcﬁtlﬂig;]é‘ib k&mp&¥itid8 @ ik Fresent invention
4-stroke trunk piston engi ne having an engi ne speed

e o biahl 20% o850 kT FEf0 LTt o 20

o sl D RRLBE PR, BB S0 PO 30 e
e fR5F L S L EENROEL) %000 B3890 100t

. applications or in | and-based power generation N
3,000 e RiSTGRRY dream dbass 190tk A 2-000 o B3emes Hesdiler poiany pover
non-limting exanples are illustrative of the present
generafigh Biraions ExiaNmdEsed pNEr 2 eANBH GONPARR Y ErcmicavRitEse.
A-C '
{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 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 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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[0037] Trunk piston engine lubricating oi

conpositions were prepared as set forth belowin
Tabl e 1. Each trunk piston engine |ubricating oi
conposition was an SAE 40 viscosity grade with a TBN
of 40 ng KOH g. The trunk piston engine |ubricating
oil conpositions of Exanples 1 and 2 (within the
scope of the invention) were fornulated with the
conbination of a Goup Il base oil and a naphthenic
base oil whereas the trunk piston engine lubricating
oi | conpositions of Conparative Exanples A-C (outside

inventidd§ weSORRmAfatddNB follGwi: @V@%F%i)as\é@ﬁledl&%r @gr?;tmed@*v@%xampie A),

follows: a Goup Il base oi | one (Conparative
b
o O PRI g St MU I P gl R i

C S tion of the.vari,ous
. A ?%‘BS"?‘P% SE N it bte S R K i s T —
S S set fo H belOleg Tabl e 2. [0038] The trunk
compasiiong i sghHiorth &elonpirilelliZng oi | conpositions of
Exanples 1 and 2 and Conparative Exanples A-C were
[0038); o5t e gl hegFunkpustamengine Bbrigpigleissanmngsitivas plkxasmpl¢snl and 2 and
the Black Sludge Deposit (BSD) Test. In the BSD
Comparaigte, ExansplapheC ofere gsttedifdr thasimriured! biatk sludgayrfatieh in the
oil to forma test mxture. Each test m xture was
Black Sliige Depust (BShedted Thabé BSatest, & eample sPassk hiledas mixed with
period of time. After cooling and washing, test

heavy filetbi S0 Y@rirea ki @ikt@ad Daeh elReghixturtReasWahbld oodr ﬁ%ﬂ:d test plate
steel test plate was determ ned, and the melght of

for a shREIAGRASH bf fiRBRIAMHP ot ahl SvaShife test BRles R d el ighed.
measur ed and recorded as the change | h wei ght o

The wé%lﬁ%ff ga &ﬁs‘t%@?}e@% vx‘rﬁate v% gle eﬁ:ﬁifﬁl ?82(5@3]1 J%% ﬁt%r?ltjﬁn ec?éBom remammg on
o BB NI, COPOELE 0 SURTELRS B
oy M T Lk ie PEsgetr e Dl Terential

[0039] ( ASTMTIIDle?:r%nSig)pmtcEnhgngme hubricating oil compositions of Examples 1 and 2 and
Comparati\}e 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 length 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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oxidation stability of oils is nmeasured by detecting
the exotherm c rel ease of energy that occurs when
oi | s succunb to auto-oxidation. Test oils were held
130C under 500 psi of oxygen pressure. The |l ength of
time required to reach auto-oxidation is a neasure of
oxi dation resistance and i s known as oxi dation
induction tinme. The results of the PDSC test are set
forth belowin Table 1. 14 TABLE 1 Conp. Conp. Conp.
Ex. A Ex. BEx. 1 Ex. CEx. 2 Fornmulations (wt. %
(M. % (M. % (M.% (Wm.% Additives: 350 TBN Ca

al kyl hydroxy benzoate 9.04pPr64 9.64 9.64 9.64 140
TBN Ca al kyl hydr oxy benzoate/alkyl 5.43 5.43 5.43

5. 43 ST A phemateSucer i ae st Spetsant +—66—4+-00——

1.00 - - ZnDTP 0.71 0.71 0.71 E‘“‘? O??;ion m %img- -
i nhi bito 04 0.04 0.04 0.0 oi

o 2 L Ok gmulapns on O 900010 Yo Ol iy evkiy hwap (wi%)

AddHOpR) 83. 22 43.18 63.18 44.18 64.18 Brightstock -
3502 Caalkythydoxy blaphatcheni ¢ bas®.@i | -9.6420. 964- 29600 9.64

1408d0¢ ka ibkyihyReswbeszoate/alkyl 5.43 543 543 543 543
phenate
Succinimide dispersant 1.00 1.00 1.00 - -
/nDTP 0.71 0.71 0.7t 0.71 0.71
Foam inhibitor - 0.04 0.04 0.04 0.04
Group II base oil (RLOP 220R) - 20.00 - 20.00 -
Group II base oil (RLOP 600R) 8322 43,18 63.18 44.18 64.18
Brightstock - 20.00 - 20.00 -
Naphthenic base oil - - 20.00 - 20.00
Bench Test Resulis:
Black sludge deposits (mg) 84 411 17.1 17.9 12.4
PDSC Ox. Induction Time 1 (min) - 28,6 297 28.3 29.5
PDSC Ox. Induction Time 2 (min) - 289 297 28.6 29.5
PDSC Ox. Induction Time Ave. (min) - 28.8 29.7 285 29.5
[0040] As the data show, the trunk piston engine lubricating oil compositions

containing the combination of a Group II 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 II
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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Bl ack sludge deposits (ng) 84 41.1 17.1 17.9 12.4
PDSC Ox. Induction Tine 1 (mn) - 28.6 29.7 28.3 29.5
PDSC Ox. Induction Tine 2 (mn) - 28.9 29.7 28.6 29.5
PDSC Ox. Induction Tinme Ave. (mn) - 28.8 29.7 28.5
29.5 [0040] As the data show, the trunk piston engine
| ubricating oil conpositions containing the

conmbi nation of a Goup Il base oil and a naphthenic
base oil (Exanples 1 and 2) exhibited both | ess

bl ack sl udge deposit formati on and better oxidation
stability than the trunk piston engine |ubricating
oi | conpositions containj Bothe conbination of a
Goup II- base oi | and a brlgﬁtstock (Cbnparative

nposi tion contal a E’II bgse
Base QoS L O O o s IB R o A e tiCE (opm)

RLOPQZQBk sl udge deposit f&rnation 14 conpaisorito a6l <10
RLOPt498R bt her | ubricating @il conpd®ition38 15<[ABLE22 <10
Bright#Btk’Base O | ViscosityIS Base 9.4 Categor y3dndex 9100
Napht8@hd UCA' %CP6 (ppn) RLOP 220R511 108 34 4B 66 4210 7420

"A Gr Lﬂ"b%@%ﬁ avéﬂabféjgoﬁabh%ﬁoﬁ‘?rocﬂéts & STOCKZ T 90.5

20 A Goup Il

A Gr &0 bif 25 8 ! 'S Co an oA
3Avail § %Ol%‘) an%XS‘ un'ia Envgglma%ﬁ 9 i pany.
“Naph Rarbon consfent as a pereentage of the to caEr)éon content of &2 base oEl

SAromatlc carbon content as a percentage of the total carbon content of the base oil.
®Paraffinic carbon content as a percentage of the total carbon content of the base oil.

[0041] It will be understood that various modifications may be made to the
embodiments disclosed hercin. 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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3Avai | abl e from San Jaoquin Refining Co. as
RAFFENE(r) 750L. 4Napht henic carbon content as a
percentage of the total carbon content of the base
oil. BAromatic 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. [0041] It w Il be understood
that various nodifications may be made to the

enbodi nents di scl osed herein. Therefore the above
description should not be construed as |imting, but

WHATRS el WiRg:renenpl i fications of preferred enbodi nents.
: For exanple, the functions described above and

i Wh%ﬁ&)ﬁ%m@lg‘&quﬁ?&h?%?ﬂ ??rfnﬁtgstiﬁ)o%ec%%lt#igﬁgg%ga major amount of

present "I nvention are ratio u es
onl Q her. _arrange ts and, et hod b X
a bas il comptiin o’ FRSSPR | MEgh T dPBragbptand (b) & minor
qigar ing.[kgn1the scope and spirit of this o
amount { ¢h PP RBYBS el SCUHY SBAGKE YD &Ff Ipss thae 74r qndyg opcloaliphatic
envi sion other nodifications within the scope and
hydrocgghon;conignt qfigeleastabpwt 22gelded hereto. 16 WHAT 1S
CLAIMED I'S: 1. A trunk piston engine lubricating oil
conposition conprising (a) a major anount of a base
stock conprising at |east 90% by wei ght saturated
H dilbe antlopistonamdingdhbrécatihg oil compdeitién of CRibas evleidin the base
having a viscosity index (VI) of less than 70 and a
stock @wedridilel 40 haki 90% Wﬁgﬁrsﬁﬁﬁa‘c@@ Ry @Bdarbtins Rbnipfid&tat 38RUSne of a
25 mt. % 2. The trunk piston engine lubricating oi

Group CIOTHAGS bill @ rGI‘BEP Fba% loil WREr8ish siRf RAsEs ﬁ?‘hp %kFischer-Tropsch
conprising at 1east 90% by wel ght saturate

th ¥g{9g§$ ; ' t one of a Goup Il

s egasé 0|’?ﬂgﬁéﬁggg&kﬁﬁg%asgkgl' or a base stock
derived froma 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 about 25 wt. % is a base oil having a VI of less than 70 and a naphthenic carbon content

of at Jeast aboui 25 wt. %,

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

substantially free of a Group I base oil.
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3. The trunk piston engine |ubricating oi

conposition of Caim1l1, wherein the base oi

conprising at | east 90% by wei ght saturated

hydr ocarbons conprises a Goup Il base oil and the

base oil having a VI of less than 70 and a

cycl oal i phati ¢ hydrocarbon content of at |east about

25 wt. %is a base oil having a VI of less than 70 . }
and a napht heni c carbon content of at |east about 25

Ww. % 4. The trunk piston engine |ubricating oi
conposition of Cains 1-3, which is substantially

f 5 egh@krudk HsRiMPerdgiRABBriQkihg ol ompodifibn ‘bf @'ﬂﬁmpl' $HRfkin the base
engi ne lubricating oil conposition of Claiml

oil haWHEE /TLIAE thash Iﬁf 4 CW&D gﬂat?c lwdr&far o %%n{e{;‘taﬁsatz QeBbout 25

a cycloallphatlc ydrocar n cont ent

wt. %?ﬁg lﬂgs ZOEi Pwé%g ofeies%%ﬁet\%gbout E? \Qn ﬁﬂg%{h?%% f:arg?n ?ntent of at

eni c car

bput 25 mﬁ % 6 The trunk piston engine
kwﬁa#ﬂﬁ?%@%tﬁhg oi | conposition of Clains 1-5, wherein

the mnor amobunt of the base oil having a VI of |ess
than 70 and a cycl oali phatic hydrocarbon content of
at | east about 25 wt. %is fromabout 5 to about 45
vit-. The tryak adistom engiee fwhtrightingepij fpompofitioth ef Claimk 1pd, sviomein the
engi ne lubricating oil conposition. 7. The trunk
minor pimstutnofahgibae dilibavicat i Vigofdieds them30 sind iaaryclohlifbadé igdrocarbon
1-6, further conprising one or nore trunk piston
conten@Ot ast aBdT ZRdvt. 194 iDlrbm @BHRATSotabont 4306t 4, ¥asd sekiRCbRMweight
fromthe group consisting of an ant i oxi dant ,

of the MK pi¥BAEnASERbricARLRNIASRpositidg! | nhi bitor, dehazing
agent, denul sifying agent, netal deactlvatlng agent,

friction nodifier, pour point depressant,
antifoaning agent, co-solvent, package

nPaLJ Pl g COrros bi,t or ? 35

gpsperséﬁ?k ps““‘en%i%eh@“%?%’sﬁgéxgggﬁloﬁn HEprlel further
t her eof . . - .o

COmprising fohe 6r 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.
8. The trunk piston engine lubricating oil composition of Claims 1-7, further

comprising an overbased alkaline earth metal alkylhydroxy benzoate detergent having a total

base number (TBN) of about 10 to about 450.
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8. The trunk piston engine |ubricating oi

conposition of Clains 1-7, further conprising an
over based al kal i ne earth netal al kyl hydroxy benzoate
detergent having a total base nunber (TBN) of about
10 to about 450. 18 9. A nethod for inproving heavy
fuel oil conpatibility of a trunk piston engine

| ubricating oil conposition conprising a maj or anmpunt
of a base stock containing at |east 90% by wei ght
saturated hydrocarbons, the nmethod conprising addi ng
a mnor anount of a base oil having a VI of |ess

t hana tetaedl f@ ieypedaad hehat fiel by doafpanibiar s0R%RAk Rlon engine
at |least about 25 wt. %to the trunk pi'ston engine

lubricAttHar bif BbrhPitRin cHFRAR & ihor ARount BE f '
Q%Mher ei %&t hél %ase stock (J:orrrpr?uéli ngaan%g?g%g? C&‘gg}oﬂg@ at least
00% AL 8Bk: safils ogar Lses at | east one
o PP E0hy BB R E6e RS o6R RARR R C IRy & GPRY Bt ora
. St erive rom a Fi scher-Tropsch
base o B P ISP AR Sl BORTE PRPBeh comnepraytcast bou
] he nmethod of, Claim 9, wherein, the base stock
2 Wt'(éﬁb‘ilf? Supipiston cagive hepaEAE HEFEPROSIIOR ur at ed
hydr ocar bons conprises a Goup Il base oil and the
base oil having a VI of less than 70 and a
c%floaliphatic hydrocarbon content of at |east about
25). wkhe metherd of Bake 9 ovhertiavhabpsastodll capfiprisemst 1dasirP0% by weight
about 35 and a naphtheni c carbon content of at | east
saturated bydro@sbants . coftpride?. at Tdaet onetdiadirofip Ol takesil, 3 Gibup Wibakk oil or a
is substantially free of a Goup | base oil. 13. The

base swekhoetivell Ghai BBFRcHER. Trifiek edyRthedigcdT Waly, HaPHRhicOhydrocarbon
the base oil having a VI of |ess t han 96 and a

materi@lyCl oal i phati ¢ hydrocarbon content of at |east about
25 wt. %is from about 5 to about 45 wt. % based on
the total weight of the trunk piston engine
| ubricating oil conposition.

11. The method of Claim 9, wherein the base stock comprising at least 90% by weight
saturated hydrocarbons comprises a Group II base oil and the base oil having a V1 of less than
70 and a cycloaliphatic hydrocarbon content of at least about 25 wt. % is a base oil having a

VI of less than about 35 and a naphthenic carbon content of at least about 25 wt. %.
12. The method of Claims 9-11, which is substantially free of a Group I base oil.

13. The method of Claims 9-12, wherein the minor amount of the base oil having a VI
of less than 70 and a cycloaliphatic hydrocarbon content of at least about 25 wt. % is from
about 5 to about 45 wt. %, based on the total weight of the trunk piston engine lubricating oil

composition.
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19 14. The nethod of Clains 9-13, wherein the trunk

pi ston engine lubricating oil conposition further

conprises one or nore trunk piston engine |ubricating

oi |l conposition additives selected fromthe group

consi sting of an antioxidant, anti-wear agent,

detergent, rust inhibitor, dehazing agent,

demul si fyi ng agent, netal deactivating agent, '

friction nodifier, pour point depressant,

antifoam ng agent, co-solvent, package

conpati biliser, corrosion- inhibitor, ashless

di 19 Vi, r I . d. m- S .. .

(AP DMkt CRIALSTE, RUGRIAI. BORE iAol L W fRain o

all| c risitng lubricati .the trunk ..

compEA it EontF120 o BT Rkt WD Pt Dl it ippositon

..ol |l _according to Clains. 1-8. 20. . .
additivds se3&EE o He Sroup consisting 0% 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, ashiess 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 according to Claims 1-8.
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