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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

20' problems associated with two-stroke cycle engines is piston lubricity, scuffing
or scoring. This condition is generally controlled by adding relatively high
viscosity oils (greater than or equal to 100 centistokes (cSt) at 40°C) or bright
stock. The higher viscosity oils and bright stock act to increase viscosity and
prevent piston seizure. A problem associated with the use of these materials

25 s deposit or varnish formation in the combustion chamber, which may lead to
preignition. High molecular weight polymers may be used to replace some or

‘___all—of bnght stock in two-stroke cycle engines. The polymer acts to increase

two-stroke cycle engines has led to the recognition by those skilled in the art
35 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.
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" an additive usefullas a lubricity agent. The additive comprises an esterified

polyalcohol, and an amine-phosphate.

Preferably, the esterified polyalcohol is an esterified glycerol. More
15 preferably, it is glycerol monooleate.

Preferably, the amine-phosphate is an aliphatic aromatic amine-
phosphate. More preferably, it is an acid aliphatic aromatic amine-phosphate
having a phosphorus/oxygen atom ratio of from 4.0:1 to 4.5:1, and having at

20 least 1.2 equivalents of acid to 1.0 equivalents of base.

Preferably, the additive also has a sulfur-containing organic inhibitor,
such as sodium sulfonate.

25 Inone embodlment the lubricant composition also has a polyalkyl amide;
ana polylsobutylene and a functionalized polyisobutylene.

The lubricant composition can be used in a method of lubricating a direct
fuel injected, crankcase scavenged two-stroke cycle engine, comprlsmg
30 supplying the lubricant composition to the crankcase of the engine and
operating the engine.

DETAILED DESCRIPTION OF THE INVENTION

35 Inits broadest aspect, the present invention involves a lubricant

composition suitable for direct fuel injected, crankcase-scavenged two-stroke
cycle engines



- Preferably, the am ne-phosphate is an aliphatic aromatic am ne-
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sufficient to control piston ring sticking, reduce rust formation, and promote
general engine cleanliness. '

The lubricating compositions and methods of this invention employ an oil
15 of lubricating viscosity, including natural or synthetic lubricating oils and
mixtures thereof. Natural oils include animal oils, vegetable oils, mineral
lubricating oils, solvent or acid treated mineral oils, and oils derived from coal
or shale. Synthetic lubricating oils include hydrocarbon oils, halo substituted
hydrocarbon oils, alkylene oxide polymers, esters of dicarboxylic acids and
20 Ppolyols, esters of phosphorus containing acids, polymeric tetrahydrofurans
and silicon based oils. '

ESTERIFIED POLYALCOHOL

25 The polyhydric alcohols from which the esters may be derived preferably
contain up to about 40 aliphatic carbon atoms, preferably from 2 to 20, more
preferably 2 to 10. Polyhydric alcohols include ethylene glycols, including
di-, tri- and tetraethylene glycols; propylene glycols, including di-, tri-, and
tetrapropylene glycols; glycerol; butane diol; hexane diol; sorbitol; arabitol;

30 Mmannitol; sucrose; fructose; glucose; cyclohexane diol; erythritol; and
pentaerythritols, including di- and tripentaerythritol; preferably, diethylene
glycol, triethylene glycol, glycerol, sorbitol, pentaerythritol and

. dipentaerythritol.

35 The polyhydric alcohols are esterified with monocarboxylic acids having
from 2 to 30 carbon atoms, preferably about 8 to about 18, provided that at
least one hydroxyl group remains unesterified. Examples of monocarboxylic
acids include acetic, propionic, butyric and fatty carboxylic acids. The fatty
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20 _ SULFUR-CONTAINING ORGANIC INHIBITOR

- Sulfur-containing organic inhibitors can also be present. These are
present in quantities enabling a synergistic effect when used in conjunction
with the aromatic amine phosphate. It is also present in an amount sufficient

25 toreduce degradation of the oil upon exposure to oxygen or to oxides of
nitrogen. Sulfur-containing organic inhibitors include a variety of materials
such as organic sulfides, organic poly-sulfides, sulfurized alkylphenols, and
dithiocarbamates. Preferably, the sulfonate used in the is a sodium
sulfonate.

30

One embodiment of a mixture of a sulfonate and an acid aliphatic

- aromatic amine-phosphate is Vanlube® 719, sold commercially by the R.T.
Vanderbilt Company, Inc.

35 ' OTHER ADDITIVES

Other additives that are particularly useful in the present invention are
imidazolines, such as 2-methylimidazoline, and polyalkyl amines, such as



'aCldS I ncl ude acetlc propionic, butyric and fatty carboxylic acids. The
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SULFUR- CONTAI mlmom@mc:acmbmnme lubricity and&ntismufbacﬁwﬁymfnbeor gani c
|nh|b|tors Caflni Rﬁbe present. These are present in quantities

enabl i ng é’synergls ic effect when used in conjunction with the
aromati c am ne phosphate. It is also present in an anount sufficient

The compositions of the present invention may also optionally contain up
to 10% by weight of a functionalized polyisdbutylene having a number
average molecular weight from 400 to 2500, preferably about 1300. The

15 functional 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

20 polyisobutylene provides superior detergency performance in two-stroke
cycle engines.

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

Auxiliary extreme pressure agents and corrosion and oxidation inhibiting
3p agents, which may be included in the lubricants of this invention, are
' exemplified by chlorinated aliphatic hydrocarbons such as chlorinated wax
and chlorinated aromatic compounds; organic sulfides and pblysulﬁdes;
sulfurized alkylphenol; phosphosulfurized hydrocarbons; phosphorus esters;

including principally dihydrocarbon and trihydrocarbon phosphites, and metal
a5 thiocarbamates. |
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Examples of useful pour point depressants are polymethacrylates;

polyacrylates; polyacrylamides; condensation products of haloparaffin waxes

~and aromatic compounds; vinyl carboxylate polymers; and terpolymers of

15 dialkylfumarates, vinyl esters of fatty acids and alkyl vinyl ethers. Pour point

depressants useful for the purposes of this invention, techniques for their
preparation and their uses are described in U.S. Patents 2,387,501;
2,015,748; 2,655,479; 1,815,022; 2,191,498; 2,666,746; 2,721,877;
2,721,878; and 3,250,715.

20

Anti foam agents are used to reduce or prevent the formation of stable
foam. Typical anti foam agents include silicones or organic polymers.
Additional anti foam compositions are described in *Foam Control Agents,”
by Henty T. Kerner (Noyes Data Corporation, 1976), pages 125-162.

25 . '

EXAMPLES

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

EXAMPLE 1

35 The lubricity agent performance evaluation was conducted by the Original
Engine Manufacturer (OEM). The test facility included an OEM proprietary
direct fuel injected engine, and, running in a 500 hour OEM proprietary
engine test cycle. In this test, the lubricating oil was supplied to the OEM by
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and of the OEM are detailed below: .

15 When the lubricity agent was added, there was a reduction in wear of the
anodized coating on the piston inlet skirt. Prior to using the lubricity agent,
large areas of the coating had worn through revealing bare metal. Also, the
piston rings were heavily worn-in after 400 hours, with 100% face contact of
the top ring and about 80% face contact on the second ring. An attempt was

20 made to determine the actual reduction in ring wear by weighing the rings
before and after the test, but the differences were less than the accuracy of
the measuring equipment.

Bore wear was determined by the amount of bore polishing. Without the
25 lubricity agent both oil formulations showed excessive wear at top ring
reversal, especialy on the inlet side (thrust) and areas above the exhaust
port. The hone marks wre very light and irregular indicating a high degree of
wear. With the lubricity agent, only a small amount of bore polishing was
evident on the inlet side at top ring’s top reversal. The hone marks on the
30 remainder of the bore surfaces were still relatively fresh.

EXAMPLE 2:

The OEM conducted a 40 hour engine test to screen lubricants for the
a5 direct fuel injected two-stroke, crankcase scavenged engine. In this test, the
complete lubricant formulation was used to evaluate its performance
effectiveness. A merit rating is provided on a scale of 1-10, with 10 indicating
clean engine parts and hence excellent lubricant performance.



- corrosion oxidation inhibitors also serve as antiwear agents. Zinc
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Addi tion anti _foam conpositions are described in oam Control Agents,"

by Henty T. KenBkitdRdyaustpata Corporation?7.3976), p&és 125-162. 25

EXAMPLES Sklrt.p’mti'nvent ion will be fggther illgugtrated by foll ow ng
exanpl es, which ﬁ forth particul ar advant aqgﬁous met hod
enbodi ment s. 'Et"taﬁﬁ Exanples 30 are pr |ded to | ustrate the present
i nventi on, theyCmvaand intended to linmt 4.1 - EXAMPLE 1
15 Ringland: . 40 - 6.6
DEPOSITS:
Piston Crown: _ | 8.5 8.5
Piston Undercrown: 46 6.7
20 '
BIA RING STICK:
Top: | 9.5 8.0
Bottom: 10.0 9.0
25 - As per the OEM'’s evaluation of the lubricant fbrmulation, based on the

above mentioned engine test, the oil was judged to be providing superior
lubrication to the OEM engine. :

Although the esterified polyalcohol and amine-phosphate additive of the
30 present invention is especially useful for use in a lubricant composition
suitable for direct fuel injected, crankcase-scavenged two-stroke cycle
engines, this additive might also be useful in other lubricant compositions
and in various fuel compositions.

35 While the present invention has been described with reference to specific
embodiments, 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.
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15 When the lubricity agent was added, there was a*reduction in wear of
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15 glycerol is glycerol monooleate.

4. A lubricant composition according to Claim 1 wherein said amine-
phosphate is an aliphatic aromatic amine-phosphate.

20 5. Alubricant composition according to Claim 4 wherein said aliphatic
aromatic amine-phosphate is an acid aliphatic aromatic amine-
phosphate having a phosphorus/oxygen atom ratio of from 4.0:1 to
4.5:1, and having at least 1.2 equivalents of acid to 1.0 equivalents of

base.
25
6. Alubricant composition according to Claim 1 wherein said additive
further comprises a sulfur-containing organic inhibitor.
7.  Alubricant composition according to Claim 6 wherein said sulfur-
30 containing organic inhibitor is a sodium sulfonate.

8. Alubricant composition suitable for direct fuel injected, crankcase-
scavenged two-stroke cycle engines comprising:
(a) amajor amount of at least one oil of lubricating viscosity;
35 (b) a minor amount of an additive comprising:
(1) glycerol monooleate;
(2) an acid aliphatic aromatic amine-phosphate having a
phosphorus/oxygen atom ratio of from 4.0:1 to 4.5:1, and

A



- the neasuring equi pnent. Bore wear was determ'—n«'a‘ai's < By _ ed
“of bore polishing. Wthout the 25 lubricity agent both oil}| t % an ‘
showed excessive wear at top ring reversal, especialy

side (thrust) and areas above the exhaust port The hone marks we
very light and irregular |nd|cat|ng a hr 9 degr ar. Wth the
lubricity agent, only a hawing atless ﬂ2(#‘]%!5@‘6“%0“%%‘ﬁ@"\&h@qua'em?eﬁ dent on
the inlet side at top ripgseSahgp reversal. The hone marks on the 30

remai nder of the borg . surfaces re still relatively fresh. EXAMPLE
2: The Gié) (ﬁﬂiﬁ\!’f‘ \ﬁe N3E- hour engine test to screen lubricants
for the 35 dire¢t) facplolyalﬁylméde'tvm stroke, crankcase scavenged engine. In
this test_ the @ﬁp‘ ubricant formul ation was used to eval uate
its perfo5nance (@) afi %?Pﬁyéness A nerit rating is provided on a scale
of 1-10, with 10(ehdapelyiseputylene; andan engi ne parts and hence excel | ent

| ubri cant performncg functionalized polyisobutylene. o - 8-
The engi ne used s a three-cylindér, direct fuel injected two-stroke,
crankcase-scavenged engine. In tw of the three cylinders the above

described | ulg.i c#mettardof labricatinga direct fuet thjected) erankcasescdvengeditworder

the 5 efifect ?52%ﬁ@ésﬁhfeh%@m%S%%vé%ﬁsﬁﬁﬂyméqéﬁﬂé@%%w § angi ne
per f or mance . Glaim 1 e the ctankecase of gaidengine and operating said engine.
Cylinder 1 Cylinder 2
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Pl STON VARNI SH 10 Skirt Inlet 9.8 9.8

- Skirt - Exhaust 7.3 8.2 Skirt-Front
9.8 9.7 Ski rt - Rear 7.3 9.2
Cr ownl and 4.1 4.8 15 Ri ngl and:
4.0 6.6 DEPCSI TS: PH;Lon Cr own: : 8.5
8.5 Pi st on Under cr own: 6.7 20 Bl A RI NG
STl CK T%p: y 5 9.0
Bot t om LUBRICANT COMPOSITIQN SUITABLEQFOR @Q',RECT ;@Epe,mgﬁg'rmw S
eval uati on of th€RANKOASE+SCAYVENGERN THO-STROKE QYCLE- ENGINESbove nenti oned
engi ne test, the oil was judged to be providing superior | ubrication
to the CEM engi ne. Al't houghﬂ%il fied pol yal cohol and
an ne- phosphat e additive of the 30 vention is especially useful
for use in a lubricant conposition suitable for direct fuel injected,

LR i T v o0
conposi t gongda - two- n W t
refer encg t hadP8 hdj bﬁamount Sﬁ‘é‘ﬂ@hﬁﬁaﬁé onltd?'h%ﬁét&idgc\ﬁ&é&ity, a rhﬁ‘io? ritO

fhose ski || &4 vy 20, aarelyalk e, e idazcline: PaspOMbIRNR.oCope
of the appenadiadunactionalized poly:sobutylene The lubricity additive contains glycerol
monooleate, an acid aliphatic aromatic amine-phosphate, and sodium
10 sulfonate. The acid aliphatic aromatic amine-phosphate has a
phosphorus/oxygen atom ratio of from 4.0:1 to 4.5:1, and at least 1.2
equivalents of acid to 1.0 equivalents of base.
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-9- .. What is clained is: . 1.. Alubricant conposition suitable

for direct -fuel. injected, crankcase- scavenged two-stroke cycle
engi nes conprising: 5 (a) a maj or anount of—at AR @ERT! of
| ubricating viscosity; (b) a m nor anmpunt ' | ‘

conpri sing: (1) an esterified pol yal
(2) an acid aliphatic aromati c am ne- phosphat e hayi.n
phosphorus/oxygen atomratio of from4.0:1 to 4.5:1, :
and having at | east 1.2 equivalents of add to 1.0 | b— f‘J—l '
equi val ents Se...: . A lubricant conpositiqgn according ta dim1
wher ei n sai qc‘élg'%gﬁql?'gbed i% pol yal cohol is an €sSterified glycerol.
iS Al ubr: cant conposition according to Caim2 wherein said esterified

gl ycerol is glycerol nonool eate. 4. | ubri cant conposition
according to U ai r dubyiesnt; gorapesition Guitable for direct fug‘f W?‘H@a' Efﬂfﬁﬁcgg%'s a
sul fur-containi ng LEA WDRIRt QT hCcant conposition
according to d ai #ﬁ%ﬂgé%wgssgjlohgnglﬁeﬂ&es C&nbﬁghgbont ai ni ng organic
i nhibitor §s a sod@aym sahfajoreamousilof . leastsnewdilt didubricatingpdstasityn sui t abl e

for direct fuel injected, .crankcasge- - scavenged two-stroked cycle
engi nes conpri si ngdb a minor ampyht of an additiye SOMPASING: "4t | east one oi | of

| ubricating viscosity: (1)  an esterifi@d polyaldBheRrargmount of an additive
conpri si ng:

(2) an acid aliphatic aromatic amine-phosphate having a
phosphorus/oxygen atom ratio of from 4.0:1 to 4.5:1,
10 and having at least 1.2 equivalents of acid to 1.0
equivalents of base. '
2. A lubricant composition according to Claim 1 wherein said esterified
polyalcohol is an esterified glycerol.

3. A lubricant composition according to Claim 2 wherein said esterified
15 glycerol is glycerol monooleate.
4. A lubricant composition according to Claim 1 wherein said additive

further comprises a sulfur-containing organic inhibitor.
5. A lubricant composition according to Claim 4 wherein said sulfur-
containing organic inhibitor is a sodium sulfonate.
20 6. A lubricant composition suitable for direct fuel injected, crankcase-
scavenged two-stroked cycle engines comprising:
(@) amajor amount of at least one oil of lubricating viscosity:
(b) a minor amount of an additive comprising:
(1)  dlycerol monooleate;
25 (2) an acid aliphatic aromatic amine-phosphate having a
phosphorous/oxygen atom ratio of from 4.0:1 to 4.5:1,
and having at least 1.2 equivalents of acid to 1.0
equivalents of base; and
(3) sodium sulfonate.
30 (c) apolyalkyl amide;
(d) animidazoline;

N O R Proo) € ot

valx-(a&



(1) *»glycerol nonool eate; 25 _ . - (2) an acid aliphatic

aromati ¢ am ne-phosphat e having a phosphor ous/ oxygen
atomratio of from4.0:1 to 4.5:1, and havi ng at

| east 1.2 equivalents of acid to 1.0 equi val ents of
base; and (3) sodi um sul fonate. 30 (c) a

pol yal kyl am de; (d) an i m dazoli ne; '

-10- (e) a pol yi sobutyl ene; and () a functionalized

pol yi sobut yl ene. 7. A method of | ubfiQati ng a direct fuel injected,

crankcase scavengqd a pol § é}*{ée cycle engine, conprising supplying
the | ubricant %) con%ogi:gtalbowo ’%ng m1l to the crankcase of said engine

and operating (f) saiaffupctiomalized polyisobutylene.

7. A method of lubricating a direct fuel injected, crankcase scavenged
5 two-stroked cycle engine, comprising supplying the lubricant
composition of Claim 1 to the crankcase of said engine and operating

said engine.
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