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Low SULFUR LUBRI CANT COWPCSI Tl ON ‘FOR STROKE
ENG NES The present invention.relates to |low sul fur |ubri cdnt C’Srrp05| tions
havi ng _excel | ent detergency propertles suitable for use in two-stroke

engi nes, |ow sul fur detergency additives useful in those |ow sul fur

| ubri cant conpositions, fuels containilng those | ow sul fur detergency

addi tives, and concentr M:p(t) y additives.
BACKGROUND OF THE IWE@@%ﬁ%wé%énvggr al geca es the use of spark
i gnited two-stroke internal EQRIWOSH BQ EhENGINESst eadi |y i ncreased. They

are presently found in power |awn nowers and ot her power operated garden
equi prrent ower chai n .. punps, rical enerat marl ne out board
engi nes, e 96(@‘5‘8@2@ lQH’os‘ﬁﬁ‘E lubrica Wﬂ@qsﬂ P use of

t vvodst r okeemuént detgrgery propeitied suitable forusedn mgossmkelenguwés tibw sulfugI f
condi ti ons e man or
oils to a éﬁ%@*ﬁ@ﬁé@%}g@jﬁﬁﬁ@éﬁy gaﬁfflﬁg"&ﬁlte pr t?&fs g%‘ggm at ed
with two- ssantkining/thiose donyisuilfur detqng@mhaddmves;md cqrmntratgf @ﬁtl'@eerlw:g
Lubri cati %Iﬁkhﬁt&ggﬁ%éﬂﬂﬁﬁ § sulfur, a key elenent in anti-wear

per formance. Mich e sul ur contr| bution cones fromthe

det ergent - di spersant additives used in the lubricating oils. However, the

| evel of sulfur has becomBACKGROUND OF THEINVENYIORNd a nove toward

| ower sulfur levels is increasing. e of the drivers has been the presence
of low sulfur base oils in sone parts of the world. Low sulfur lubricating
oi | addi t iQvenpthelpast several decadesithenuse ohsparkiignitetbtvemstrake intdrnalchni ques

associ at ecoif &twggeﬁgsiﬁ% ﬁé%'sﬂébd?l& .ﬁmaségr?ﬁ@y Eb@?ﬁes‘éﬁﬂg feand RPpoder 10 the

I‘ECOgI’lItI e art, o eng |ne

| ubri cant 43‘8@ THOWPER awépthqsmrqpemsé gasgden eqyiprag %'n $Went s
3,085, 975; @n@@”el&&?ica e?*a?d?ﬁ., M@Fine dutiSoardasriyimes! sﬁ@@m@&ﬁlé&l scl oses a

functional - cycle engi ne having base oil and a conbi nation

of an al kﬂ‘g °§W‘Bﬁ%ﬁ8 %‘ pol yal kyl ene pol yam ne.

The increasing use of two-stroke cycle engines, coupled with increasing severity
of the conditions in which they have operated, has led to an increased demand
for oils to adequately lubricate such engines. Among the problems associated
with two-stroke _cycle engines is piston lubricity, scuffing or scoring. Lubricating
oils often contain sulfur, a key element in anti-wear performance. Much of the
sulfur contribution comes from the detergent-dispersant additives used in the
lubricating oils. However, the level of sulfur has become environmentally
sensitive and a move toward lower sulfur levels is increasing. One of the drivers
has been the presence of low sulfur base oils in some parts of the world. Low
sulfur lubricating oil additive packages are not common.

The unique problems and techniques associated with the lubrication of two-
stroke cycle engines has led to the recognition by those skilled in the art of two-
stroke cycle engine lubricants as a distinct lubricant type. See, for example, U.S.

Patents 3,085,975; 3,004,837; and 3,753,905.

U.S. Patent 4,663,063 discloses a functional fluid for a two-cycle engine having
base oil and a combination of an alkylated phenol and a polyalkylene polyamine.
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.2 That patent discloses that netal "thiocarbamates are useful as extreme
pressure agents. U. S. Patent 5,516, 444 discloses a functional fluid for a
t wo- cycl e engi ne having base oil and an acyl ated nitrogen-cont ai ni ng
conpound having an oil soluble ol efidic substituent and at |east one

ashl ess dgigepagstt/didddsssmat methbthiquatisaratdssareasefultasextrame ipdessure and
nol ybdenuni sul f ur-cont ai ni ng conpounds are sone of the anti-wear and

| ubri ci t PO& gsht s useful in that invention. U S. Patent 5,458,807 discloses
a lubricating oil conposition useful in autonobiles and various industrial
i nt er nal ' i I ' ; | n@;&é | elfvikgse oi |,
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especi al Igome of tHe arnti-welar andriubricitypagernits asefud énithat inventionol ed t wo- st r oke

cycle engines. That | ow sul fur detergency additive conprises an

unsul furized al kaline earth al kyl'salicylate and optjionall ¥ a nol ybdenum

conpound.U.S. Ratentsh 458 80d diselases a lubri¢ating qil compasitionuse™diiRo be present
n the | idiobiibs SRHYABISInASttiAl Meermaléshbusidvendies meat llbficatity

al kal ine earth al, al i cq\geat.F IS calci umqa{{‘tdl sald cylf%tle V\/ﬁgl‘ el.n the nole
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al kyl sal i gy hikatiné eafthi riietal salt fof saleylicadid,| andba erslybdenumicoatpatyidat e i s at

| east 8:1. The present invention also provides a | ow sul fur |ubricant

conposition suitable for air-cooled two-stroke cycle engines. This
| ubri cantU& MRatent 5,688/74d discleses alitalimetadsalieylate saltgrasolubrisent ubri cat i ng

Vi scosi ty, e A6 cgg{glgﬁ iRbst he | ow sul fur detergency additive.

Preferabl?@ﬁ%ﬁg\?l cant co li;\os‘ltion al so has a m nor anount of a

non-aromati ¢ solvent, a m nor anount of a polyi sobutene,
SUMMARY OF THE INVENTION

The present invention provides a low sulfur (<0.2%) detergency additive
especially useful in fubricant composition used in air-cooled two-stroke cycle
engines. That low sulfur detergency additive comprises an unsulfurized alkaline
earth alkylsalicylate and optionally a molybdenum compound. Alkylphenol and
alkaline earth alkylphenate can also be present in the low sulfur detergency
additive.

Preferably, the unsulfurized alkaline earth alkylsalicylate is calcium
alkylsalicylate wherein the mole ratio of single aromatic-ring alkylsalicylate to
double aromatic-ring alkylsalicylate in said unsulfurized alkaline earth
alkylsalicylate is at least 8:1.

The present invention also provides a low sulfur lubricant composition suitable
for air-cooled two-stroke cycle engines. This lubricant composition has a major
amount of low sulfur oil of lubricating viscosity and a minor amount of the low
sulfur detergency additive. Preferably, the lubricant composition also has a
minor amount of a non-aromatic solvent, a minor amount of a polyisobutene,



.and/or a‘m nor anount of an ashless di spersant. The lubricating oil

“conposition can be produced by bl ending together a major anount of the oil

of lubricating viscosity, -a mnor anmount of |ow sul fur detergency additive,

and preferably mnor amounts other aglditives, such as non-aromatic solvent,
d
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DESCRI PTIoghlr@I%iﬁsgaﬁoIM i%o?@rﬂt _th_é%'ﬂ*@é aspect, the present invention

i nvol ves ur detergency additive having excel | ent detergency
properties when used in a |low sul fur lubricant conposition for air-cooled
t wo- st r okgheep@isBAsinvEhtioh alssplovidestan additivecondedntratecsuitabe faramixing

unsul furized al kal ine ea A o . ' I um
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f ol | owi ngwoestrakevéydle bagihesi Hhis: additive has a minor amount of an organic
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nmeans | egromadic S@.Ivmts%ppi/\ﬂS,ObuﬁeMcﬁ OR8N &% dispefgat-or m al kyl phenol "
means a phenol group having one or nore al kyl substituents; at |east one

of ‘which has a suffiqyenh, WIS SARISTIOR DR THE INENTIBR ¢ ©' ! solubility

to the phenol.

In its broadest aspect, the present invention involves a low sulfur detergency
additive having excellent detergency properties when used in a low sulfur
lubricant composition for air-cooled two-stroke engines. The low sulfur
detergency additive comprises an unsulfurized alkaline earth alkylsalicylate and
optionally a molybdenum compound.

Prior to discussing the invention in further detail, the following terms will be
defined:

DEFINITIONS

As used herein the following terms have the following meanings unless
expressly. stated to the contrary:

The term “low sulfur" means less than 0.2% sulfur, including no sulfur.
The term “alkylphenol” means a phenol group having one or more alkyl

substituents; at least one of which has a sufficient number of carbon atoms to
impart oil solubility to the phenol.



4 The tefrm"al kaline earth netal" neans cal ¢cium barium nagnesium and
strontium The term "al kal i ne earth al kyl phenate" neans an al kaline earth
netal salt of an al kyl phenol. The term "alkaline earth al kylsalicylate"
means an al kaline earth nmetal salt ofgan alkyl salicylic acid. The term

" alkal i neyeagth «8ikihe SfiMbld fiedfis Eafoilifabbfisinahtigrigeans, and al kal i ne
yI'salicyla

earth al { e havi ng only one al kyl " sal |cyI|c ani on per each
al kal i ne srontidmaet al base catlon Thus one nole of alkaline earth single
aromati c- ring alkylsalicylate will contain one nole of aromatic ring and

one nol e al kal i n art Qn Thu

aromat i c- rhenf&“&IaaﬁiH ipg %@@V@Sﬁr‘a %%%a%énéﬂ@ﬁg‘? é"“ﬁ ﬁ*& i]éaos‘r:alte%fcﬁ'n cal ci um
ion. Thealkydpherigll kal i ne earth double aromatic-ring al kyl salicylate" nmeans
an al kaline earth al kylsalicylate having two al kyl salicylic anions per

each al kaline earth nmetal base cation. Thus one nple of al kaI| earth

doubl e artweaterm ‘alkalinel eartis alkytsplieylaterimeansan alkalingeearth medal saltpfan ¢

rings and, eﬂ%ﬁﬁtﬁ?%dal kal ine earth base cation. Thus, a cal ci um doubl e
aromatic-ri sallcyl ate woul d have two aromatic-rings for each
cal ciumi on. The term "Base Nunmber"” or "BN' refers to the anmpbunt of base

equi val enfhd terii dikdline@arth sifigte aromatic-gngaliofisalicyldte” meaas arhalyalime BN
foserve. st oISy Blg BrunG At BHE ey SERGNREAORERr Salh iingfed B " LY
other equnetd! basematioadlihes onemheleof@lkaling e%-tfsgm ¢ aeamatig-ringer cent ages
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The presegarth gaéenpatmn rm%-&cﬁlﬁl%ﬁi’@,%?mﬁ@at!ﬁ‘fmg &lﬁygggﬁ{qy to
| ubri canthajd/6hé afothafi® Fifgifer eddle camkidmiorst r oke engi nes. The | ubricating

conposi tions usef ul
The term “alkaline earth double aromatic-ring alkylsalicylate” means an alkaline
earth alkylsalicylate having two alkyl salicylic anions per each alkaline earth
metal base cation. Thus one mole of alkaline earth double aromatic-ring
alkylsalicylate will contain two mole of aromatic rings and one mole of alkaline
earth base cation. Thus, a calcium double aromatic-ring alkylsalicylate would
have two aromatic-rings for each calcium ion.

The term “Base Number” or “BN" refers to the amount of base equivalent to

milligrams of KOH in one gram of sample. Thus, higher BN numbers reflect more
alkaline products, and therefore a greater alkalinity reserve. The BN of a sample
can be determined by ASTM Test No. D2896 or any other equivalent procedure.

Unless otherwise specified, all percentages are in weight percent and all
molecular weights are number average molecular weights.

BASE OIL OF LUBRICATING VISCOSITY
The present invention relates to lubricating oil compositions and to lubricant

fuels suitable for use in two-stroke engines. The lubricating compositions useful
for two-stroke cycle engines will compose a major amount by weight of at least



for two-stroke cycle engines-will conpose a maj or anount by weight of at
| east 5 one base oil of

| ubricating viscosity and a m nor anount of the present additives,
sufficient to control piston ring stigking, reduce rust formation, and
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m ner al oTﬂeslubsmhtmgtcompasmoﬂlstarmmodsﬁrthls mveetuomampm eilsiof i ved from
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Al kyl salicylates One preferred process for producing unsul furized al kaline

earth al kyl salicylates can be characterize Ely its uni que conposition, with
much nore al kyl phenol at®W SULFUR DETERGENCY ADDITIVE

The low sulfur detergency additive of the present invention comprises an
unsulfurized alkaline earth alkylsalicylate and optionally a molybdenum
compound.

UNSULFURIZED ALKALINE EARTH ALKYLSALICYLATE

Sulfurized and unsulfurized alkaline earth alkylsalicylate are well known. Such
alkylsalicylates are usually double aromatic-ring alkylsalicylates, but single
aromatic-ring alkylsalicyiates are also known. Preferably, the unsulfurized
alkaline earth alkylsalicylate is calcium alkylsalicylate.

Preferred Process for Producing

Unsulfurized Alkaline Earth Alkylsalicylates

One preferred process for producing unsulfurized alkaline earth alkylsalicylates
can be characterize by its unique composition, with much more alkylphenol and
alkaline earth single aromatic-ring alkylsalicylate than produced by other routes.
That reaction product has the following composition:



.al katine'earth single aromatic-ring al kylsalicylate than produced by other
routes. That reaction product has the foll ow ng conposition:

6 (a) from40%to 60% al kyl phenol , (b) from10%to 40% al kal i ne
eart h al kyl phenate, and (c) fromg20%to 40% al kal i ne earth single

aromatic-rin I &/C| o - | ot her processes for producing
al kal i ne ear gﬁ?ahébfggﬁﬁ}?y@a{%gslk%%'iaf eaction product can be characteri zed
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al kyl sal i cyl g&Ps frof'20%Dlo4 (0% dIikalte Sarflybghs Fothatic-fing @lld/isaticytecyl ate to
doubl e aromatic-ring al kylsalicylate is at least 8:1. "Neutralization Step
In the first step, alkylphenols are neutralized using an alkaline earth
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| east  1S%IRfisaRGIAa%8 dUubld BRRASNC-riRG AIg/edicylaté Ieal leaghe:qal kyl radi cal

to prefera

cont ai ns carbon atons, nore y 18 to 30 carbon atons. The
branched al kyl radical contains at |east nine carbon atons, preferably 9 to
24 carborNeutratization Stepef erably 10 to 15 carbon atons. The use of an

al kyl phenol containing at |east 35% of |ong |inear alkylphenol (from18 to
30 carbon atons) is particularly attractive because a |ong |inear alkyl
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| ubri cat i Q) : e(%?,lq f oci ] At cheavy L -al kyl
radi cal s '?]%s?ﬁééégf Egﬁéggg?ygg%s gﬂfﬁa&tatée@ _elg\sfsé,ée(téc fl’évéeérbﬁgﬁﬁg#'gnc hed
al kyl phertbefbseage o7 gfilihase, @adindhe absarce ptdiaicahe! epmanaaigehalo bring
about their neutralization by an al kaline earth base. Branched

al kyl phengl s gap .be obtai,ned b tion of enol with a. branched ol efin,
genor ol Ty pfSibnenols pRi B o BEAEO! fitey atbiBhsholfpretefatly B fesst
monosubst3§%tlimear atkyipleend)ia mixkare with at least $5% ofcbranbhed allgdpiseroti ng i n
the para prefarably, the linear alkyl radical contains 12 to 40 carbon atoms, more

preferably 18 to 30 carbon atoms. The branched alkyl radical contains at least

nine carbon atoms, preferably 9 to 24 carbon atoms, more preferably 10 to 15

carbon atoms.

The use of an alkylphenol containing at least 35% of long linear alkylphenol
(from 18 to 30 carbon atoms) is particularly attractive because a long linear alky!
chain promotes the compatibility and solubility of the additives in lubricating oils.
However, the presence of relatively heavy linear alkyl radicals in the
alkylphenols makes the latter less reactive than branched alkylphenols, hence
the need to use harsher reaction conditions to bring about their neutralization by
an alkaline earth base.

Branched alkylphenols can be obtained by reaction of phenol! with a branched
olefin, generally originating from propylene. They consist of a mixture of
monosubstituted isomers, the great majority of the substituents being in the para
position, very few being in the ortho position, and hardly any in the meta
position. That makes them relatively reactive towards an alkaline earth base,
since the phenol function is practically devoid of steric hindrance.



position; very few being'in the ortho position, and hardly any in the neta
position. That makes themrel atively reactive towards an al kaline earth
base, since the phenol function is practically devoid of steric hindrance.
7 On the other hand, linear alkylpherpls can be obtained by reaction of
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The neutralization operation is carried out at a temperature of at least 200°C,
preferably at least 215°C, and, more preferably, at least 240°C. The pressure is
reduced gradually below atmospheric in order to distill off the water of reaction.
Accordingly the neutralization should be conducted in the absence of any
solvent that may form an azeotrope with water. Preferably, the pressure is
reduced to no more than 7,000 Pa (70 mbars).

The quantities of reagents used should correspond to the following molar ratios:
(1) alkaline earth base/alkylphenol of 0.2:1 t0 0.7:1, preferably 0.3:1to
0.5:1; and :
(2) carboxylic acid/alkylphenol of 0.01:1 to 0.5:1; preferably from 0 03:1 to
0.15:1.

Preferably, at the end of this neutralization step the alkylphenate obtained is
kept for a period not exceeding fifteen hours at a temperature of at least 21 5°C



0.15:1. © Preferably, at the end of this neutralization step the

al kyl phenate obtained is kept for a period not exceeding fifteen hours at
a tenperature of at |east 215[err]C and at an absol ute pressure of
bet ween 5,000 and 105 Pa (between 0.@5 and 1.0 bar). Mre preferably, at
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(measured as salicylic acid by potentiometric determination). It must take place

under pressure in order to avoid any decarboxylation of the alkylsalicylate that

forms.

Preferably, at least 22 mole% of the starting alkylphenols is converted to
alkylsalicylate using carbon dioxide at a temperature of between 180° and
240°C, under a pressure within the range of from above atmospheric pressure to
15 x 105 Pa (15 bars) for a period of one to eight hours. '

According to one variant, at least 25 mole% of the starting alkylphenols is
converted to alkylsalicylate using carbon dioxide at a temperature equal to or
greater than 200°C under a pressure of 4 x 105 Pa (4 bars).

Filtration Step

The purpbse of the filtration step is to remove sediments, and pérticularly
crystalline calcium carbonate, which might have been formed during the
preceding steps, and which may cause plugging of filters installed in lubricating
oil circuits.

MOLYBDENUM COMPOUNDS
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OTHER ADDITIVE COMPONENTS
NON-AROMATIC SOLVENT

The compositions of the present invention may optionally contain a minor
amount of a non-aromatic solvent. The solvent is used just to adjust the viscosity
of the finished oil. It should be non-aromatic in order to minimize the smoke at
the exhausts. Suitable non-aromatic solvents include dearomatized aliphatic
distillate in the 200°-240°C range.

POLYISOBUTYLENE

The compositions of the present invention may optionally contain up to 10% of a
polyisobutylene having a molecular weight from 350 to 2000, preferably about
950. This polyisobutylene is present in an amount up to 10%, preferably up to
7%, more preferably 5%, more preferably up to 3%. The polyisobutylene acts to
improve lubricity and anti-scuff activity of the lubricant.

ASHLESS DISPERSANT
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are those succinim rocar SUCCi nIrc an dr| de,
wher ei n t@fgompassed by the term of art succlnxmlde are descrlbed in U.S. Pat.

3,219,666; 3,172,892; and 3,272,746, the disclosures of which are hereby
incorporated by reference. The term-“succinimide” is understood in the art to
include many of the amide, imide, and amidine species which may also be
formed. The predominant product however is a succinimide and this term has
been generally accepted as meaning the product of a reaction of an alkenyl
substituted succinic acid or anhydride with a nitrogen-containing compound.
Preferred succinimides, because of their commercial availability, are those
succinimides prepared from a hydrocarbyl succinic anhydride, wherein the
hydrocarbyl group contains from about 60 to about 350 carbon atoms, and an
ethylene amine, said ethylene amines being especially characterized by
ethylene diamine, diethylene triamine, triethylene tetramine, and tetraethyiene
pentamine. Particularly preferred are those succinimides prepared from
polyisobutenyl succinic anhydride of about 70 to 128 carbon atoms and
tetraethylene pentamine or the so-called “polyamine bottoms” resuiting from
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The compositions of the present invention may also optionally contain ‘up to 10%
by weight of a functionalized polyisobutylene having a‘number average
molecular weight from 400 to 2500, preferably about 1300. The functionial group
for the olefin is typically amine based. This functionalized polyisobutylene is
present in an amount up to 15% by weight, preferably up to 10%, more
preferably about 5%, by weight. The functionalized polyisobutylene is therefore,
a reaction product of the olefin and olefin polymers with amines (mono- or-
polyamines). The functionalized polyisobutylene provides superior detergency
performance- in two-stroke cycle engines.

The invention also contemplates the use of other additives in combinatidn with
the compositions of this i_nvéntion. Such additives include, for e)éample, corrosion
and oxidation inhibiting agents, pour point depressing agents, extreme pressure
agents, antiwear agents, coke stabilizers and anti foam agents.

Pour point depressants are a particularly useful type of additive often included in
the lubricating oils described herein. The use of such pour point depressants in
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LUBRICATING OIL COMPOSITION

The low sulfur detergency additive of this invention is useful for imparting greater
detergency to an engine lubricating oil composition. Such a lubricating oil
composition comprises a major part of base oil of lubricating viscosity and an
effective minor amount of the low sulfur detergency additive. That lubricant
composition has less than 0.2% sulfur.

in one embodiment, the lubricating-oil composition would contain
(a) a major part of a base oil of lubricating viscosity,
(b) from 5 to 10mM of an unsulfurized alkaline earth alkylsalicylate;
(c) from 0.1% to 2% of a molybdenum compound; and
optionally, at least one of the following:
(d) a minor amount of a non-aromatic solvent;
(e) a minor amount of a polyisobutene; and
() a minor amount of an ashless dispersant.
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ADDITIVE CONCENTRATES

Additive concentrates are also included within the scope of this invention. The
concentrates of this invention comprise the combounds or compound mixtures of
the present invention, preferably with at least one other additive, as disclosed
above. The concentrates contain sufficient organic diluent to make them easy to
handle during shipping and storage.

Preferably, the additive concentrate would comprise from 20 to 80% of an
organic diluent, the low sulfur detergency additive of the present invention and
minor amounts of non-aromatic solvent, polyisobutene, and/or ashless
dispersant. Suitable organic diluents that can be used include mineral oil or
synthetic oils, as described above in the section entitled “Base Oil of Lubricating
Viscosity.”
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or synthetic oils, as descri bed above in the section entitled "Base Q| of
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FUEL OLS As i$ well known to thoselgki IIed in the art, two-cycle engine
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contain duelaj or portion of a nornmally liquid fuel such as hydrocar bonaceous
petroleumdistillate fuel (e.g., notor gasoline as defined by ASTM

Speci fication D-439-73). Such fuels can al so contain non- hydrocarbonaceous
mat er i al dnsoote teo-eydetangines: the lubricatingrail ¢an be direstly injactedriata e | i ke
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Exanpl es gd usettth {H,@{fpgmteﬁ@ﬁeare conbi nati ons of gasoline and ethanol,
di esel fuels, diesel I's and ether, gasoline and nitromethane, etc.

Particularly preferred is gasoline, that is, a mxture of hydrocarbons
havi ng asThefMdibused mgt\m-lcyclecﬁngﬁ@%smre} Welldmow:i\et01tb%e||85t"edllﬂﬁh@ﬁﬂpm nt to

about 20

EXAMPL Esggﬁﬁé&"\ygérﬂﬁtgﬁ‘ aqﬂ@&'tf% #Ibh%{g (yl fu%ys ufcg O\ﬁi xanpl es,
whi ch sethydseearbppaceeus aatrgle&mdt#lagf&fwl (%Qh é'epteﬁsaaw%% eﬁ%ﬁ& OYt he
Exanpl es £8PM Specification D-439-73). Such fuels can also contain non-

hydrocarbonaceous materials such as alcohols, ethers, organo-nitro compounds
and the like (e.g., methanol, ethanol, diethyl ether, methyl ethyl ether,
nitromethane). Also within the scope of this invention are liquid fuels derived
from vegetable or mineral sources such as corn, alfalfa, shale and coal.
Examples of such fuel mixtures are combinations of gasoline and ethanol, diesel
fuels, diesel fuels and ether, gasoline and nitromethane, etc. Particularly
preferred is gasoline, that is, a mixture of hydrocarbons having as ASTM boiling
point of 60°C. at the 10% distillation point to about 205°C. at the 90%

distillation point.

EXAMPLES

The invention will be further illustrated by following examples, which set forth
particularly advantageous method embodiments. While the Examples are
provided to illustrate the present invention, they are not intended to limit it.

in the following examples, a reference formulation (Comparative Example C)
having a phenate/sulfonate was modified by replacing the phenate/sulfonate
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mol y bdenuwrsechtapeomparethe dvarall petformancenofitheedil.4. 75% succi ni mi de
EXAMPLE |

The formulation contained 7mM of unsulfurized alkaline earth alkylsalicylate and
0.25% Molyvan® 855. The formulation contained 4.75% succinimide dispersants.

EXAMPLE Il

The formulation contained 7mM of unsulfurized alkaline earth alkylsalicylate and
0.25% molybdenum oxydisulfide. The formulation contained 4.75%succinimide
dispersants. '

EXAMPLE Il

The formulation contained 7mM of .unsul‘furized alkaline earth alkylsalicylate but
no molybdenum compound. The formulation contained 4.75% succinimide
dispersants. '



di spersants. 16 COVPARATI VE
"EXAMPLE A The fornul ati on contai ned 0.25% Ml yvan[err] 855, but no
unsul furized al kaline earth al kylsalicylate. The formul ati on contai ned
4. 75% succi ni m de di spersants. COVPARSTI VE EXAMPLE B The fornul ation
cont ai nedCOMPARATIVEUEXAMPICE Aal kal i ne earth al kyl salicylate nor

nol ybdenum conpound. This was the reference formulation, with 5. 85%
succi ni m de di spersants and 12nmM phenat e/ sul f onat e. ] .

Tabl e | Exasfbdrenulation contained 0.25% M_olyvan"’ 855, but ng unsulfurized alkaline B
Di spersan % ; % b ¥iccinimnide & ' ate
T "Gatth alkylsfigy1ate. The forftiGtion é?}t?)é(@)ergngr? §p Yuccinimido Hiepers s
- 0. 25% - Detergency | ndex 154 143 141 135
126 ppm SCOMPARATIVE EXAMBRE B 1300 1220 1210 1730 Notice
that the above exanples show that the conbination of the al kyl salicylate
and nol ybdenum-conpound gave hi gher detergency than either conponent al one.
Al so not i The fomhulation evatgihed nelther thsulfurized alkaline tartie alidylaaticylate nor

combi nati Qn W I e | : at a | ower
sul fur 1 catidetn Satfetie- THE GRE R fitatiite iURoHCith S8k

phenat e/ ssu¢ainimide disparsantstand p2mbbphenatelsulfopatehas been described with
reference to specific enbodinents, this application is intended to cover

t hose vari ous changes and substitutiops thiat may be made by those skilled
in-the art without departing fromthe ablerli 1 ang cope of the appended

claims. |Example - | I I A B
Dispersant 475% | 4.75% | 4.75% | 4.75% | 5.85%
Salicylate 7mM 7mM 7mM - -
Mo Compound 0.25% 0.25%. - 0.25% -
Detergency Index 154 "~ 143 141 135 126
ppm S 1210 1300 | 1220 1210 1730

Notice that the above examples show that the combination of the alkylsalicylate
and molybdenum compound gave higher detergency than either component
alone. Also notice that the examples show that alkylsalicylate alone or in
combination with the molybdenum compound gave higher detergency at a lower
sulfur level than conventional formulations having conventional
phenate/sulfonates.

While the present invention has been described with reference to specific
embodiménts, this application is intended to cover those various changes and
substitutions that may be made by those skilled in the art without departing from
the spirit and scope of the appended claims. '



17 Vhat is clainmed is: 1. A detergency additive suitabl e'figﬁwmmm(s BEEN
| ubri cant conpositions used in “air-cool ed two-stroke cy enBEFoRE
conprising an unsul furized al kali ne earth al kyI salicylate and a

nol ybdenum conpound. 2. A detergency additive according to Crarm 1

wherein said unsul furized al kal i pg earth a cal CI um

al kyl sal IWlJIé’attlgclalr?\Ed 'é detergency additive acc')fm'ﬁ m}{:@.‘iﬂ

further cohprising al kyl phenol and al kal i ne*ea¢ ate, and
wherein the nole ratio of single aromatic-ring al kylsalicylate to

doubl e ar ‘P”ﬁtA‘He'té rgenay addise S‘dﬂa%l@fdr'low sulfuf Ribfiicansebhpbsitiods askalihne
earth al kyl sal | A.l.ubricant f‘:mn'gasl ti.on suitable

o | ea
for air-cool el F&B@Mé‘a‘e Sl@r?g‘j\gl'fé%s comp"ilﬂﬂﬁr\ 'é"% alaline, ™y or
amount of at éatistl mymem | of lubricating viscosity having _
| ess than 0.2% sulfur (b) a mnor armunt of a detergency additive
according to Claiml, 2 or 3; (c) optionally, at |east
one of th&. foNdaﬁsenggncy additive acqorging thi@tm 4fedher edmprisigg-air omat i ¢

sol vent ; dehéim ,ﬁgagg damount of a polyisobutene; and (3)
a m nor armunt Tb an as | spersant ; wherein the | ubricant

conposition has less than 0.2% sulfur. 5. A.nethod of producing a
| ubri cati 8g OAIdet@ng@mytad@mlmmﬂm ftorClaim 1@ wherein saldansilfurigedcycl e

2 ) or E?ro”ﬁ%%i‘ﬁa%ﬁ&a@@ﬂa#‘&é%%é%%10“8? BRI vi scosi ty having
| ess than 0.2% sul fury _ )
4. A detergency additive according to Claim 1, 2, or 3 further comprising
alkylphenol and alkaline earth alkylphenate, and wherein the mole ratio of
single aromatic-ring alkylsalicylate to double aromatic-ring alkylsalicylate in
said unsulfurized alkaline earth alkylsalicylate is at least 8:1.

5. A lubricant composition suitable for air-cooled two-stroke cycle engines

comprising:

(a) a major amount of at least one base oil of lubricating viscosity having
less than 0.2% sulfur; |

(b) a minor amount of a detergency additive according to Claim 1, 2, 3, or
4; and

(c) optionally, at least one of the following:
(1) aminor amount of a non-aromatic solvent;
(2) a minor amount of a polyisobutene; and
(3) a minor amount of an ashless dispersant;

wherein the lubricant composition has less than 0.2% sulfur.

6. A method of producing a lubricating oil composition suitable for air-cooled
two-stroke cycle engines comprising blending the following components
together: '

(a) a major amount of at least one base oil of lubricating viscosity having
less than 0.2% suilfur;
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18 . (b) a mnor rgency additive accordi ng{ tTHICSHERT-UAS
or 3; and‘\m“n““m“LWHﬁmlly at |l east one of the foll ommACED'%EEﬂ
(1) a minor ampunt of atnon-drorfatic sol vent; (2) a m nor amourrt
of a pol yi sobut ene; and (3) a mpor amount of an ashl ess
di spersant; (Bheaahimor aendunitiof aadstergeney Edditve aecordingtotClaimd, 293, or
sul fur. 6 A lubri cat4l gﬁ oil conposition suitable for air-cool ed two-stroke
cycle engi nes pro ged by the nmethod according to daim5. 7. A
met hod of | ubri c4c) ngptianally, at ieast onevaftbe felkawibgcl e engi ne, conpri sing
suppl yi ng the | ubri cg 8 HHIPOP Bt 8F & HoH-BdMAICEcend or 6 to the

|

crankcase of said engLne and operating said engine, . A nethod of
| ubricating an air-cé® e mwe@m%mogﬁcﬂ%wé 77B€: @d%pri si ng
supplying the lubricg®y aaeninosaiiount of anradhiasstdispdsant;4 or 6 to the fuel

of sai d engi ne and.ope | Ld. L.ne. , LLEye concentrate
suitable for ai rvgb%%ghﬂ}%[@%?@%@?%'@&ghagﬁ%%s ?‘R“Abé%dﬁ'&%slu fur

appl i cations conpri si ng: (a) from20 to 80% of an organic diluent,

(b) the detergen kil a(%ﬂ)é a0 L [ ; _ (c)
optionally, a-'g I gg@%ﬁghg? IIt e %u@wéﬁté:ﬂlé f&‘.élr-c%oﬂz?l oagfr?ng‘ﬁ%ﬁ:ycg?munt of
a non-aromatic sd@ngings produced by theame O%iﬁﬂﬂor@ﬁﬁdﬂﬂ 8. pol yi sobut ene;
and (3) a mnor amount of an ashl ess di spersant.

e e—

8. _ A method of lubricating an air-cooled two-stroke cycle engine, comprising
supplying the lubricant composition according to Claim 5 or 7 to the
crankcase of said engine and operating said engine.

9. A method of lubricating an air-cooled two-stroke cycle engine, comprising
supplying the lubricant composition according to Claim 5 or 7 to the fuel of
said engine and operating said engine. -

10. A additive concentrate suitable for air-cooled two-stroke cycle engines in
low-sulfur applications comprising:
(a) from 20 to 80% of an organic diluent,
(b) the detergency additive according to Claim 1, 2, 3, or 4, and
(c) optionally, at least one of the following:
(1) a minor amount of a non-aromatic solvent;
(2) a minor amount of a polyisobutene; and
(3) a minor amount of an ashless dispersant.

—

—_—

—_—
This Sheet Hag Been Replac

LT

I



