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PCT/ US96/ 12770 SMOKELESS TWO- CYCLE
ENG NE_ LUBRI CANTS BENEFI T OF EARLI ER FI LI-NG DATE UNDER 35

U S C 119(e This application clains the benefit of earlier
filed and copewdi91msarr provi si onal application serial nupbensesnizrro

60/ 002, 655, filed on August 22, 1995. BACKGROUND
OF THE I NVENTION 5 1. Field of the Invgntion The

present invention relates to two-cycle gasoline engine |ubricant
conpositions and to ester base stocks which are conponents thereof. The

t wo- cycl e gasoline engine lubricants according to the invention
produce | ower anounts of observabl e snoke in the exhaust emtted as
a result of conmbustion 10 in a two-cycle gasoline engine,-require no

m sci bility-enhancing solvents and are optional |l y bi odegradabl e.
2. = Description of the Related Art The two-cycle (two
stroke) gasoline engi ne has gai ned consi derabl e popul arity as a
power %source for such devices as outboard notors, snow 15 nobi | es,

not orcycl es, nopeds and a variety of |andscaping equipnent, e.g., |awn

nowers, chain saws, string trinmmers and bl owers. The w despread use of two-
cycle gasoline engines is due primarily to their sinple design and

| i ght wei ght construction, their ability to provide high power output
wWith quick starts at | ow tenperature and their relatively |ow cost.
20 Two- cycl e gasoline engines are operated using a m xture of

gasol i ne and
SMOKELESS TWO-CYCLE ENGINE LUBRICANTS

BENEFIT OF EARLIER FILING D 51.8.C. §119(e
This application claims the benefit of earlier filed and copending
provisional application serial number 60/002,655, filed on August 22, 1995.
BACKGROUND OF THE NTION
5 1. Field of the Invention
The present invention relates to two-cycle gasoline engine lubricant
compositions and to ester base stocks which are components thereof. The two-
cycie gasoline engine lubricants according to the invention produce lower
amounts of observable smoke in the exhaust emitted as a result of combustion
10 in a two-cycle gasoline engine, require no miscibility-enhancing solvents and are
optionally biodegradable.
2.  Description of the Related Art
The two-cycle (two stroke) gascline engine has gained considerabie.
popularity as a power source for such devices as outboard motors, snow
15 mobiles, motorcycles, mopeds and a variety of iandscaping equipment, e.g., lawn
mowers, chain saws, string trimmers and blowers. The widespread use of two-
cycle gasoline engines is due primarily to their simple design and lightweight
construction, their ability to provide high power output with quick starts at low
temperature and their relatively low cost.
20 Two-cycle gasoline engines are operated using a mixture of gasofine and
a lubricant in prescribed propottions. Because the fuel contains a gasoline-



a lubricant in prescribed proportions. Because the fuel contains a
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2 . lubricant m xture, |arge amunts of snoke are generated and
emtted in the exhaust. The lubricant nust provide satisfactory

per formance chayeeimsissti cs under severe operating coeotiusisar®o
Lubricants for two-cycle gasoline engines are _ general ly conposed of
a mneral oil or synthetic base fluid, perfo&nance 5 additive(s) and a

solvent, ordinarily a relatively |ow boiling petroleumdistillate, to

enhance gasol i ne/ |M9ﬁ¢dh§mlxtm'§%@b|dnttdunts of smoke are 8ené?&f‘edt Eﬁﬁ‘?mﬂ% int e
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the exhaust stroke, thdDBigghno redueincRdayshemissonsdrala st
ports, and a freshogodjeiesdar Bha trubldgasdlihe engines havetrfoi‘ﬂéét‘?ﬁ&@sifﬁm& ﬁed%a”k

case to the space above the piston. Because the exhaust “por open
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wi th the exhaust. sequent Iy, ocar bon em ssi ons ar “excee

of eni ssi orly Qﬁlsdﬂmmwm@ﬁgml e engine.
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Lo wat or pol 1 ut1 o wnahe SaroEsBaH B he ¥ ohftetubite SE besiliiofthe

EE“' pped with air gasolrmcerlgm @mcmcglgsgﬂ!epowa?st?:a ofammwa?gﬁwgézaﬁ
ose a serl o Q on_probl em X i i
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exacerbat ed by th&harge occurs, as much as 20% of the fresh charge will be discharged unburnt
20 with the exhaust. Consequently, hydrocarbon emissions far excéed the level of
emissions from a comparable four-cycle engine.

Water-cooled outboard motors exhaust directly into the water, giving rise
fo water pollution, whereas the other devices mentioned above, which are
equipped with air-cooled two-cycle gasoline engines, produce emissions that

25 pose a serious air pollution problem. For exampie, the California Air Research
Board has determined that many two-cycle gasoline engines produce up to fifty
times the pollution of truck engines per horsepower hour.,

Visible smoke emissions in the exhaust from two-cycle gasoline engines
has also recently éome under increased scrutiny and regulation. In addition,

30 smoky emissions from two-cycle gasoline engines are also becoming a problem
from an aesthetic stand point.

The above-noted pollution and smoke problems are exacerbated by the



3 presence of volatile organic solvents in the |ubricant.

Mor eover, sone of the sol vents used as mscibility enhancers, such
as Stoddard sol vent, have relatively | ow flash points, thus
creating a potential fire risk, which is of particular concern in

connecti on W t¥olohgs®$ or age and transportati on of such produgé&Efusesaz?re
Thus, a need has existed for a two-cycle gasoline engine |ubricant
conposition which is forrmulated so as to pregent pol I ut.ion by protecting -
agai nst em ssion of harnful hydrocarbons into the environnment, and
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free of conventi oand detergenay,partidulariylon pistbs ringe, isaperior antiseizag properties gnd he
pol I uti on t | two-cycl e.gasol lne en | cat ed
therewith, but thgﬁﬁé’%ﬁ]‘}ﬁ“ nce, and providiig apimym ’%‘gﬁ“gﬁh"fﬂ@?ﬂ Phand, fuel
formul ati ons. 25 overthe apphcalih&ahg@oﬁbpéﬁh@&@idnﬂ&sengl ne | ubricant
conpositions of the invention are onposed_of the ester base stocks

as described herein and any of tt‘ﬂJMMARYOFpBﬁEW“ﬁNEP'ﬂddltlve packages
known in thggart, suc S |
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20 the invention are useful in both water-cooled and air-cooled two-cycle gasoline
engines. The lubricant compaositions of the invention can be formulated to be
free of conventional solvents, thereby substantially reducing not only the pollution
potential of two-cycle gasoline engines lubricated therewith, but the hazard risk
inherent in solvent-containing formulations.

25 The two-cycle gasoline engine lubricant compositions of the invention are
composed of the ester base stocks as described herein and any of the
performance additive packages known in the art, such as detergent/dispersant

* additives, extreme pressure additives, anti-foaming agents, pour point
depressants, rust or corrosion prevention agents and, oxidation inhibitors. The

30 ester base stocks according to the invention typically have a flash point of at
least about 100°C as determined under ASTM D-82, a kinematic viscosity in the
range of from 3.0 ¢St to 20.0 cSt at 100°C. as determined under ASTM D-445,



4 and a pour point of |ess than about OC as determ ned under ASTM

D-97. The base stocks according to the invention wll exhibit
excellent..mscibility with . gasoline, in fuel/ubricant volume ratios
between 10:1 to 300:1. Sone of the base: stocks according to the

i nvention are whegeddypdegradabl e as determned by Co- 5 ) g\ (55 i)
Eur opean Counsel standard test nethod L-33-A-94 (Biodegradability
of Two- Stroke Cycle Qutboard Gasoline enging G ls in water, abbreviated

C.EC L-33-A-94), the nost commonly used biodegradability test for
two-cycl e engine andapour;!»diﬁrdf‘l"és%ttﬁan about 0°C as deterrﬁfﬁ&i GSdSASM D-92.OHES
according to the rnvention will also be useful 10 next generation
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any given tine. Fgpricants. €xanple, nore lubricant will be introduced into
a cold engine at start-up whereas a relatively | ower amunt of

lubricant will be fed The esterdwagestocks actondingto thiegmentionwill alssis usefulgn the

hrount o of - Moke a6k opnerEicn ot WoichABlenbiner, ibiaRE, J:58 i bldgdnt dhy tH-5RE
claims and in Eﬂgi’e“@r LS, RRpLes, or et e o othorw Se it cat ed
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condi tions used f&é@d'bré\ﬁ@:dly) bb@a&ﬂ&ﬁéﬁé!@dnﬁﬁws@ééédhﬁd—fdbhcﬁhﬂ mixfuré a8 by
the - term "about"” I's understood that sone of t

carbon chain | eng®HAQuUH$ of $meoke.ang OIRAr pellutants are generaied apd emitied inthe eeYh%'(’,ﬁtos ed
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to example, more lubricant will be mtreduced into a cold engme at start=-up whereas
a relatively lower amount of lubricant will be fed to an engine running at higher
20 operating temperatures. Overall, less lubricant will be used resulting in reduced
amounts of smoke and pollutants emitted into the atmosphere.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

Other than in the claims and in the operating examples, or where

otherwise indicated, all numbers expressing quantities of ingredients or reaction
25 conditions used herein are to be understood as modified in all instances by the
term "about".

It is understood that some of the carbon chain tengths of the carboxylic
acids and/or esters disclosed herein are average numbers. This reflects the fact
that some of the carboxylic acids and/or esters are derived from naturaliy

30 - occurring materials and therefore contain a mixture of compounds the major
| component of which is the stated compound. For example, a carboxylic having
12 carbon atoms derived from eoconut oil is composed primarily of from 45% to



5 55% by weight of a (Jerr] carboxylic acid, from15%to 23% by

weight a (Jerr] carboxylic acid, from8%to 11% by wei ght of a
Clerr], carboxylic acid, from1%to 10% by weight of a Cerr]
carboxylic acid, from1%to 14% by wei ght of a conmbi nation of C[err]
and C [err] ca%cp%&x; acids, and from 1%to 8% by wei ght of pgrm§esr12770
Cerr], carboxyli1c acid. The term snokel ess as used herein
refers to a snoke index rating of at east 75 in the JASO M 342-92
test, the published test procedure of which i ncor porated herein

by reference. T r oy

certain types of gg? P¥ vger'%htltge %:ﬁgé'?a)fﬁgs%ase st‘bosc %féoé?}3 L gg{n?s Yhat
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ester the resulting m xtur VI Scosi t
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of at least 75 asp‘%tpeq' Pq.%ré] M}gf g&%@ M 342-92 test; (2) one or

nore conpl ex este itS group consisting of: (a) linear
ol i goesters 20 havi Tige aunpnslagdlsaova\phmbemi meﬂhﬂajertamtypes bf%ers(dr;a a
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non- hi ndered pol yaﬁééﬁiamﬁ‘%hﬁiké dsheerae it wbtombustion iﬁﬁfﬁ&ﬂf@ab gasoline engme
non- hi nder ed pol yol f% | east
co

CH ;o d X s
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25 components b&e@oﬁé&‘%‘%@é%)ﬂ)ﬁnﬁﬂu%ﬁM@éﬁféwmﬁmm’téﬁsﬁéﬁérﬁQﬂa
m xt ures t her €of Te ester m xture whlchlstheflrst

type of ester bas¥isgeeitn2 6Ster lesngt 10p°C aﬂashtmhaﬂpeﬁtqrdeﬁﬁz(&}\ew%
nbi d
conbi nation gf at cbﬁg%[thmr%w&réammo /2t thE s8EoriPester has %%?@ﬁ%ehze

as one or nore este aving a Vi scosit
a flash point 200fhatmhenct isimixed (rmémaﬂlahelstepme reawliing miduthasra viseesity of
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second ester is chaohke imiexz:édt least 75 as determined by the JASO M 342-92 test; (2) one or
more complex esters selected from the group consisting of: (a) linear oligoesters
20 having a molecular weight of 3000 Daltons or less; (b) a complex, non-hindered
polyester wherein the polyol component is a molecule having one or more beta
hydrogen atoms; (c) a complex, non-hindered polyesier wherein the poiyol
component is a non-hindered polyol having at least 3 OH groups; (d) an ester
wherein the polyol component is a hindered polyo! and the carboxylic acid
25 components is a mono-carboxylic acid or a polycarboxylic acid and mixtures
thereof.

The ester mixture which is the first type of ester base stock according o
the invention can be any combination of at least two esters. The first ester is
characterized as one or more esters having a viscosity of 2 ¢St or less at 100°C;

30 a flash point 200°C or less (Cleveland Open Cup); and 20 or fewer carbon
atoms. Examples of such esters include but are not limited to isodecyl nonanoate

and methyl octadecenoate (methyl oleate). The second ester is characterized as



6 one or nore esters having a viscosity such that when it is m xed

with the first ester the resulting m xture has a viscosity of from
3.0 cSt.to 20.0 cSt at 100[err]C as determ ned under ASTM D445 .
and a snoke index of at least 75 as determ ned by the JASO M 342-92

test. The secorgybygpssof ester can be any 5 ester that Wgdrrised %

m xture having a viscosity of from3.0 ¢St to 20.0 cSt at

100[err]C. and a snoke index of at |east -75 descri bed above. Such esters
can be sinple esters or conplex esters. Sinple esters are esters of

Tonool s and - ond B ViefASdESHaigS dSodt) o SREH LRSS 6

pol yol esters such as . penta tetra octadecenoate
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20 esters. This group is comprised of one or more of: (a) linear oligoesters having
a molecular weight of 3000 Daltons or less; (b) complex, non-hindered polyesters
wherein the polyol co}nponent is a molecule having onhe or more beta hydrogen

atoms; (c) complex, non-hindered polyester according to the invention are those
-containing a non-hindered polyot having at least 3 OH groups; (d) eéters wherein

25 the polyol component is a hindered polyol and the carboxylic acid component is
a mono-carboxylic acid or a polycarboxylic acid and.mixtures of (a) through (d).

The first type of complex ester includes linear oligoesters having a

molecular weight of 3000 Daltons or less. The oligomers according to the
invention can be comprised of any combination of difunctional alcohols and

30 dicarboxylic acids and also containing either a monool or 2 monoccarboxylic acid
as a chain stopper. Such oligomers can be made by the classical condensation

or step-growth polymerization methods well known to those skilled in the art and



described, for exanple, in pages 69-105 of The Principles of Polyner

Chem stry, P. J. Flory, Cornell University Press, 1953. Preferred
ol i goners include the ol i goester conprised of dipropyl ene
gl ycol ~-azel ai ¢ aci d-i sononanoi ¢ aci d; the ol i goester conprised of
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t he ot her hand, hthe oligogster compnsgdrgfcﬂlejgylanaglyml-azaimc agtdmonanmorqcide«noie
non- hi nder e oly to the invention are those

cont ai ni ng gmgon %?;o?el}lég—g%%%'ggﬂhavi ng at least 3 OH groups, a

pol ycar boxylic aC| d ha17li:ang;eabnd vt o complexx gbteg rinclpdesa oomplexp mon-hindered

car boxylic acid. onI/o |c ac nmol e ratio is.equal to .from
Zbout o 1/ ROgeRtgre HanP bR paliakiers afe Ppai ek Inscpaal SHBanatt e
wi th nono- 25 amdmmé h@wﬁgbﬂbomhb@beﬁé Qydgen atoriSi A betathyBRRjen atom is

Preferred conpl ex, chBOI yesters of th Is type are those
cont ai ning gl ycer?ﬁyﬂ@gﬁﬂ@t%ﬁ?onded toa AR &t Whighis adiazent 1y agarben giom o4

groups, adi pisc achgnded 118 fAREHERAS Qﬁéb" IrPthe case oiaﬁ 'p@lg}&ﬂ\ﬁ B&aaiydrsgéﬁ is’a
car boxyl groups and heptanoi c acid as the nono-car boxyl 30

The third type of hydfRgen gtasm bendedita m@@o@oafgmhlchdﬁwaﬁam‘ért@a carbon atom

Bg: zglst ers. Non- Npafdth B aldohof fuhclitrality) B¢ exdnble 6 & pS%Pﬁgﬁﬁ& W Bota
conponent whi ch i bydrogematetsrie d,3oprbpanedinl\VGlygerat islanaxamplesef g polypkhaving a

pol ycar boxyl i ¢ aci g GORRAAE hyllBh G atoms2 TAYHSAINEENE, Bn 8% SnBAWARO AL no

| east 2
' 20 beta hydrogen atoms. One type of complex, non-hindered polyester according

to the invention are those containing a non-hindered polyol having at least 3 OH

groups, a polycarboxylic acid having at least 2 carboxyl groups and a mono-

’ carboxylic acid. The polyol/polycarboxylic acid mole ratio is equal to from about

" 0.1/1.0 to about 4/1.2 and the polymer chains are terminated with mono-

25 carboxylic acids which are used as chain stoppers. Preferred complex, non-

hindered polyesters of this type are those containing glycerin as the non-

hindered polyo! having at least 3 OH groups, adipic acid as the polycarboxylic

) acid having at least 2 carboxyl groups and heptanoic acid as the mono-carboxylic
acid.

30 . The third type of complex ester includes complex, non-hindered
polyesters. Non-hindered polyesters are those which are comprised of a polyol



car boxyl groups, a nonocarboxylic acid conponent and a nonool conponent.
The pol yol / pol ycarboxylic acid nole ratio is equal to fromabout 0.1/1.0 to
about . 5 1/1 and the pol yner chains are term nated with nonool s
and nono- carboxylic acids whi ch are used as chai n stoppers.
Preferred conpygyesngep- hi ndered pol yesters - of this typPgussméose
containing glycerin as the non-hindered polyol having at | east 3 OH
groups, adipic acid as the polycarboxylic ac%d having at |least 2 10

car boxyl groups and nonanoic acid and octanol as the nono-carboxylic acid

and ”D”OO'cpoéhEntt %tehnﬁt Rén%-hm@ﬁfeﬁ%élﬁé\ R&ind iR deds8 O3 RS %@buﬁsa% ng

at least 3 OH ﬂ%@ are those having from3 to 10 carbo t'ons
Preferred pol ycar polypa XY“O acid coragmr@erﬁwhiqhgs atpolysaoxylicagich baving gt leapt2 ar e

t hose having from e
acid chain st oppercg@r%gylﬁc"gﬁr %3’3’.“&8"“ °%E@W“%“W capﬁﬁgg@ﬁw
Préferred nonool &'halpnlysvmmrbo)qﬁeamdhm tadiv isgnuat torfrdin Bbout 0.1/1.0 toZbout

carbon atons._Part |,éul arly preferred conpl ex, non-hindered polyesters
i ncl ude such i gaé ters those corrpri sed of gl ycerine-adipic acid-nonanoic

aci d/octanol (ol gng#id éri¢ saéiétéﬂrﬁfﬂédﬂ% FONBLIS aRE IntbridrRinsolgiicacid
aci d/ hexanol (no ]Sblﬂmr atio-1/2/1/2 The fourth t pe. s

conpl ex ester i ncMiichareysed §Sﬁh@P§FQPPeTSth%F%P°mP'ex nommﬁ%ﬁéﬁp?kgteﬁ
hi ndered pol yol a'&fitﬁ@@ & Hr ode &ﬁhlﬁﬁ&%ﬁﬂhé r?hlﬁﬂgi%dfpotlyﬁll !ga\{lryl%gt

carboxylic acid or a p ycarboxyllc ac erred esters o
i ncl ude -di jaast 3OV groups, adipicacih &s She palyoatboxylicdacid having at least 2

i1 scearare 157" SaRiolEe Mg iofalk fe aps ool ind Pibvblcahdie sidaRg "
si ngl e est elr asht hmmse?am tenr']nmabuscﬁréfmed hen- hlmkjerwapu' Iyol having at legst ® QHhe
invention. In the case of .such a.si gne ste e ester
will have a snoke r‘?‘r{!?éffﬁ# HAVING F&@% %1%ﬁ?rb ;g? rgm?%ﬁ\?é’rgévc@ M@?ty
bel ow 2 cS{ a}g 10§Eﬁrﬁdl\ﬁ?ag meebt Z%HEXrH@Ryllfg?blﬁwf éﬂé&hﬁ%@ ﬁ?ﬁng from 2 to 54 carbon
requirements for cl e "engi nes a such ester on

i sgnonanoat e, di nﬁ% Prsfe ?B"W% %S*epp?ﬁﬁ{sizﬂssgs@y

such 5 0! poRaon! atbinsOPkeTaired MoRbS! chaiCstbypers atdfosd ﬁﬁﬂﬁ@%ﬁw 2 to
Vari ous detergent/di spersant additive packages may be conmbined wth
9 above- @8sedrber Btemse Pagicua tM@f@ifﬁdnc‘P’BPﬁm apn-hipderrd Pﬂb%'&ﬂﬁ e

oi | conpositions mclu(?e sucH ﬁﬁé&skﬂqmé&&mm&a%g@&eﬁrﬂ‘aﬁﬁietaﬂd‘haﬂﬂmc

additives nmay be used for

ashl ess addi ti ves agidioctanel (pmlgfmpd&ﬂla) gredglvwa@amm apidshepiangieacid/hexanol
(mole ratso—11211 12).

20 The fourth type of complex ester includes esters wherein the polyol
component is a hindered polyol and the carboxylic acid component is a mono-
carboxylic acid or a polycarboxylic acid. Preferred esters of this type include
dipentaerythritol ester of pentanoic acid, trimethylolpropane-isotridecanol-adipic
acid, and trimethyloipropane tristearate.

25 It is also within the present invention to use a single ester as the base
stock for the lubricants according to the invention. In the case of such a single
component system, the ester will have a smoke index of greater than 75 but may
have a viscosity below 2 cSt at 100°C. which may be below the viscosity
requirements for 2-cycle engines. Examples of such esters are isononyi

30 isononanoate, dimethyl azelate and polyol esters of monocarboxylic acids such
as glyceryl triisostearate and glyceryl trioctadecenoate.

Various detergent/dispersant additive packages may be combined with the



5 aci d-nodi fi ed al kenyl succi ni m des, phenolic am nes and succinate
derivatives or conbi nations of any two or nore of such additives.
Pol yam de detergent/di spersant additives, such as the comonly used
tetraet hyl enepentam ne i sostearate, may be prepared by the reaction of

fatty wbisslodel pol yal kyl ene pol yam nes, as descri bedpéfysdszrsfat ent
3,169,980, the 10 entire disclosure of which is incorporated by
reference in this specification, as if set forth herein in full.
These pol yam des nay contain neasurabl e armu%ts of cyclic

I m dazol i nes for lsRfisdd@dte I : i )

upon conti nued hggétt?\}%dég'? ﬁ% evat’g%ég g%%é@ﬁ)@plaﬁ%ﬁ%&%@gS’F%@mgggﬁ%s
pol'yan de addi ti vefsthesinpentis: eAslilessrop asiaiokidining additiyesimaysbeinded for this
Cerr]-Cerr] Koc§hri,§ acids, according to the procedure of R Hartle et
al ., JACCS, 57 (SYYPEER. 59 (1980) . :

Al kenyl succi ni m des arSuitablenastildsy additiveypinelude pbliyariis, aikenhylsidbififhides, boric

ol efin, such_as pol.ybut MV 1200). (s reacted with mal el c anhydride to
yield’ 5 a p%‘f"ngHlﬂdgn |a§'g%nx%wﬁ'%m§ﬂ$yam c gavnesandgHeeinate defivatives or

reacted with an a@gnisinatidhs of ahy%we offhoré bYSEdH ARitkles? POl Y- amine, to form
the desired product. Phenolic am nes are prepared by the

vel | - known Manni ch r edtQlyaspidedetergent/dispapsantiagditives) such asdbe semmonihused

phonol . for mal Gers aotnPeteine BpRearate, may BB pléedrtl 8 %né bl iy,

derivatives are pacikhandpolyplkyleperelaniines, @s describexf inrl).SePgtent 35169,980, the

Coctinic - 169" e Bubiendy of ik Fickehelés by ielehed i ebefbtiantt o

pol yol, e.g., set forthetrareiariny fuill iThelse polyagiides by contain mdasurabieGmounts of

Sui t abl e ash-cont aj pi ng. detergent/dj sper.sant addi tives |nclude al kaline
earth netal (e. gwckgﬁ'gg?ﬂmegggm%ﬁf 'Q}ﬁmaﬁjﬁ?{‘ %’ﬁ?f'?fh&% e lingas pohamides or
30 Phenates orugubbntiiiedWedling aitVelbVite tefPeratile. S WABIRF Uisbii ass of
The foregoi ng detergent/dispersant additives may be incorporated in the

| ubri cant conposiRQ¥snide additivesds PrRpascfrem palvalkiviena rolyaminesang:C.i-C.oKethvut

25% 15 acids, according to the procedure of R. Hartl 0 : _gyd
nore preferably from about 3%to aﬁoout 5%% baseac?%_reltta"e','%%?% E_v(\éls)gﬂtsso
t he conposition. (1880). Various other additives may be incor porated

el ) ) oMMt sl ™ S Rl i

pol yi sobutyl ene, alefin; §ud1 ps pelybistenan(MVVt 1200) is reactedasith maleic anhydride to yield
O o " oPho SRSl e A O R BT RS SR, o2
or corrosi o20 e.g., an alkylamine or a poly- amine, to form the desired product. :
Phenolic amines are prepared by the well-known Mannich reaction (C.
Mannich and W. Krosche, Arch. Pham., 250: 674 (1812)), involving a
polyalkylene-substituted phenol, formaidehyde and a polyalkylene polyamine. -
Succinate derivatives are prepared by the reaction of an olefin (e.g.,
25 polybutene (eg., polybutene) and maleic anhydride to yield a polybutenyl succinic
anhydride adduct, which undergoes further reaction with a polyol, e.g.,
pentaerythritol, to give the desired product.
Suitable ash-containing detergent/dispersant additives include alkaline
earth metal (e.g., magnesium, calcium, barium), sulfonates, phosphonates or
30 phenates or combinations of any two or more of such additives.
The foregoing detergent/dispersant additives may be incorporated in the
lubricant compositions described herein in an amount from about 1 to about 25%,



prevention agents, such as triazole derivatives, propyl.gallate or alkali
net al phenol ates or sul fonates, oxidation inhibitors, such as
substjtuted diarylamnes, 10 . phenot hi azi nes, hindered phenols, or the
li ke.. Cértain of these add| tives may be mul ti functional,. such as
pol yrret hacryl 3§ enebsCh My serve as an anti-foam ng pCR@es127AS wWel |
as a pour poi nt %i’iepressant Vol atil e, conbustible solvent such as

kerosene or Stoddard sol vent can al so be us as additives. Stoddard

sol vent is defined according to ASTM D-484-52 as a petroleum
distillate havin on
range of 50% ove%%ﬁg?oferrr?w/gmsm ob\?gjfrtzg‘}%gsel@]&grqéé M‘Phﬁw
bel ow 450[ err] F dthe campasiiongni ti on tenperature of 450[ err] F.

o bring the smoke. | nyeyorsciney SRS silfiindipdited i Bonézal Simb ™

t gzsjt and/ gfithe invenonpas dﬁmmdc Ginpad mluumsmckaﬁsmpressxbu lagents ysuch r-].-:ist her
additives ang to 2 rove the te aturecaracterl.stlcssc as
oS! Ty and godstivhuene 8Y pamechiyiens. exrems “présiir” adgties.c wup

avai |l abl e two- Cy(‘dlﬂk}l&wwﬂﬂﬁbh&%dd%Bﬁé&t@ﬂeéntﬂﬁ‘énhﬁq]agents suéfﬁé’éjsmdbne
conbination with esters according to the invention suc for exanp|e

LUBRI ZOL[err] 40ceil grayq meint depreseamts3sush (asheelvaiethaaryiples Fusll ef cpresion. 25

LLER 2t e} o0 by RS o a2

above- descri bed sphenplatessorasifonases, oxisafion sahbdomnsuqmeas substitutad dianylammines,

or ot or abl y 0o deAptzss: gk enefed o heRE, Gebia of e sadtves mpv e, 5

| ubri cant conposimultifunclional, seich as polymetivdcyyiate cwhichinheey seree as anantiveamingr om
1% to 50% Thg anmpunt sel ectg@ W thin th‘ﬁatﬁé)emfle !rani e sho | d be
such as not agent AN 3SA 9°Lgﬂ° Pe?rﬁﬁs%s\( &0551“15 RapEeEn pﬁ“& &ties

of the | ubricant.kefdsne or Stoddard solvent can also be used as additives. Stoddard solvent

11 effects uced by suc itives can be readi det erm ned by
routine testing. 1sde '“eg a°°°rd"¥91' 54 8508 Redrolaym r?'égé'f atshaving 2
conposi tiongsof thpiGMIRRh point of 100"F‘\éﬁdl§ﬁl@ﬂoﬁ\%ﬂgé &%o@,aroweﬁatlssokv 804t ed,
when m xed with an appropriate fuel, perating outboard notors,

snow nobi | es, not@eE kB3 mpend pomhmomﬁﬁ@r E, and5an autgignitiondamperature; ofg
trimrers and the jggeg. Yo!atlie oombusttble sméntg ﬂlldrfﬁ@ ékﬂie@f@gﬁi{ fDe ¥ Est8Pif 'Urddr0

illustrate but not to

EXAMPLE 1 1o banR@AmemwommM@mmhqum@a@t
and/or to improve the compatibility and/or solubility of other additives and to

20 improve the low temperature characteristics such as viscosity and gasoline
miscibility.

Commercially available two-cycle lubricant additive packages niay be
used in combination with esters according to the invention such as, for example,
LUBRIZOL® 400, ORONITE® OLOA 340A (Chevron), LUBRIZOL® 6827,

25 LUBRIZOL® 6830, LUBRIZOL® 600, LUBRIZOL® 606, ORONITE® OLOA 9333
(Chevron), and ORONITE® OLOA 8357 (Chevron).

Most of the above-described additives may be incorporated in the
jubricant composition in an amount from about .01% to about 15%, and
preferably from about .01% to about 6%, based on the total weight of the

30 lubricant compasition. In the case of polybutene, the amount may vary from 1%
to 50%. The amount selected within the specified range should be such as not
to adversely effect the desirable performance properties of the lubricant. The



10 691 grans (5.16 noles) of tinethyl ol propane, 2809 grans
(17.78 nol es) of isononanoic acid were conbined in the reactor and
heated _to about 230[err]Cto . carry-out the esterification of the

i ngr edi efit's. After the water of reaction which is continually
removed began Yo at 230[err] C about 26" of vacuum was apgfifisosnzre O
assist in the dehy atlon of the ester. After four and a half hours of
reaction 15 ti me had passed, the tenpera%are was about 235[err]C and the
anal ysis of the ester was an Acid Val'de (AV) of 48.4 and Hydroxyl

analysi s of the. r ieett BRI Whibaditygs ouf be Fi) béllhi e oy Blatfsgiy,

OH-= 5.14. After six lithe twetycle gasoline ehgmetlhmﬂht:mpesiﬁmsaof the present

stripped and then. filtered ) e est roduct o\%uct
was 20 caust i cMYELoR é’@"'ﬂ‘i\ﬁ 'CH{?@V P&WB@W%PW?@F&?‘E@
{/l Im shed eskg_v Wi é;iibfrﬁi’iﬁg outboard rﬁ&bdg%d%ﬂw@bﬂ&@iﬁdtﬁﬁyclel_siy énopedls, l\a/wln moWwers,
al ue, nys gmof s roxyl Val ue, ngs
KOH gm of saPRpl e "153"””1") string trimmers apddhe ike-y at 40[er]C, centi st okes
sflzszgs?tSy | ndex v Tollokird} eXBipRs" are n'feggﬁ i fe but no}:l? ﬁm[bm nt,
[err]F invention. 450 Fire Point, [err]F
525 Cloud Point, [err]F cl ear at
pour point 30 Pour Poi nt, [errﬁMPLE" ~ -35
EXAMPLE 2 PREPRREH’WDWMETRYMB’LFMWR#BGWHMME
The preparatjon of tri £E$Mett¢m?? te vvas r|ed gL}t é)l%e
reacting 1808 grams (X 8 Pfepa%? 9?%1 gfinples)

(1.035 35 eqUImémahosehcﬁrwembbh‘lbﬁieﬂﬁﬁMactEhﬁ@hdﬂéd€béﬁdtﬂm‘so@ﬁ‘f@ss
of the polyol used

12
to drive this redHTVFRHttR sstedficatiop oithe ingrediants, Aferthewaterpfrerctiongyhich
mol ecul ar lS‘&Bhﬁl’anllﬂé?ﬁd\Ieﬁ btghf t@¥!o¥ﬁéi‘230$@hbb;&@6“9f ﬁ; ni was htgéy

vessel was equi pped as descCri bed and reacti on was
successful |y car ripassistin the dghygiration of the egtgycAﬁwifoyr aod arlwéfdtqmomction

compl ot on. 1ng. i HHdbHRE A8 SrhBerBfnd i a6 23906 anl % Ll ffind Beter

val ue of |ess thawasian Atikd/alue(dY)cf4dd andé-lydafxyﬁéalum@hh)g)fﬂ«meﬂhraix hours

Car dura E wer e adtf3gecitn e asld drnietfc ShpiciihRiuad R84l dd el

hours. The excesshe€i\adad.8mndQH = 5.14. Aftert six pqmd ofitea2id fime e domtertbovete 1
hour. The pr OdUCtstnppecf r% ﬁ’n a‘tﬂtc-:'re {ot |(s3cralgge the crude ester product. The product was
20 caustic refined (NaOH), and dried and filtered to yield the finished ester with the
following properties:

Acid Value, mgs KOH/gm of sample 0.05

Hydroxyl Value, mgs KOH/gm of sample 2.15

Viscosity at 40°C, centistokes 52.79
25 Viscosity at 100°C, centistokes 7.13

Viscosity index 91

Flash Point, °F 450

Fire Point, °F 525

Cloud Point, °F clear at pour point
30 Pour Point, °F -35

EXAMPLE 2

PREPARATION OF TRIMETHYLOLPROPANE TRISTEARATE
The preparation of trimethylolpropane tristearate was carried out by
reacting 1800 grams (1 .00 equivalents) of stearic acid with 300 grams (1.035
35 equivalents) of trimethylolpropane. There was a slight excess of the polyol used



10 final ester properties were as foll ows:

Tri met hyl ol propane tristearate Aci d Val ue .
0.085 . Hydroxyl Value 9.92 . Viscosity at
100[err] C, ‘cst. 11. 67 15 Pour Point, [err]F

solid at room keyPRgssUr € Fl ash Point, [err]F pctussenzro 600
Fire Point, [err]F 645 Col or % Transm ssi on

440/ 550 nm 76/ 96 EXAMPLE 3 20

PREPARATI ON COF DI - | SOTRI DECYLTRI METHYLADI PAT

Di -i sotridecyl tri ngtdve ik RBaQioNFecBLEP Bf £ dmcmaame% F{oiec%%
equi val ents) of tri metlééadl pic acid wwth 2414 granms (1.1 equ al ent of

i sotridecyl al cohdveightfdegricsacid MQC@WQP'NQOTh%EﬁacpﬁféVEQﬂ%W?S equippethas.

Th t {

of er eact i onr e%eh%%gm&ﬁré*%ggfa m&héﬁ%ééﬁgﬁig&%@dw@%bgg%%ft he

applied to help ccﬁﬁDPﬁuWateleof react:on waswho\md arl raghmudm/wésmsdfto h@lp?jnlviihe
h u

Tacaum of abogt -2 e eattes B uikio it crudeiester had & 5cki vallie GER 1 8n fydromland

hydroxyl val ue of v oﬂ&s%tﬁémw vﬁé@fudéee%térm refiked Usuhgéldaéﬁucal treatmeHid
filtered to yield the fol Low ng. finished ester ro erties:

di -i sotridecyl tri PECA{HUR EM'@”‘ is a glycidyhgstgr. Gbouei2 9"3’“3 of Cardura E were added
0.016 dr
Vi scosity at 2'56[ e?érﬂllﬂg Mﬁbé‘%ster 8t 239°C and held for.2 hours. The exc%sg ?daédl{ra E yas

100[err] C, cst. stripped at 239 C forsatgmit 3thour. The pradiuct was desled and ﬂtered The

104 Posr P -50
13 Ffl)g <h &hQF?stéreﬂrBé:??es were as follows: 465 Fire
Point, [err]F Trimethiidfpropane trisielrite% Tr ansni ssi on at
440/ 550 nm 5/ 4%cid Value 0.085 EXAMPLE 4 5
PREPARATI ON OF | SEyadhdsyl FERIENANOCATE 9.92
Viscosity at 100°C, cst. 11.67
15 Pour Point, °F "~ solid at room temperature
Flash Point, °F 600
Fire Point, °F 645
Color % Transmission 440/550 nm. 76/96
. EXAMPLE 3
20 PREPARATION OF DIHISOTRIDECYLTRIMETHYLADIPATE

Di-isotridecyitrimethyladipate was prepared by reacting 986 grams (1.00
equivalents) of trimethyladipic acid with 2414 grams (1.15 equivalents) of
isotridecyl aicohol. The vessel was similar to that previously described. The
reaction was carried out at 225-230°C while removing water of reaction. When

25 the rate of water of removal slowed, low vacuum the applied to help continue the
reaction to an acid value of 10.9. The ester was then slowly stripped of excess
alcohol by applying full vacuum of about 2 Torr. The crude ester had an acid
value of 8.2 and hydroxyl value of 2.0. The crude ester was then alkali refined
and filtered to yield the following finished ester properties:

30 - didisotridecyltrimethyladipate
Acid Value 0.016
Hydroxyl Value 5.21
Viscosity at 40°C, cst. 36.96
Viscosity at 100°C, cst. 5.95

35 Viscosity Index 104

Pour Point, °F : -50



The preparation of isononylisononanoate was carried out by charging

1660 granms (1.00 equival ents) isononanoic acid and 1740 grans (1.15
equi val ents) of isononyl alcohol into a 5-liter 4-neck glass reaction
vessel . The vessel is equipped with agitation and a colum to
condense and kgyPy@¥eater 10 of reaction while returni ng gEchaISes L%

al cohol back to the reaction vessel. The reaction was carried out at
about 230[err]C until the acid val ue of the1§reparation was a 5.0
and then the ester was stripped of excess alcohol until the hydroxyl

val ue was 0. 7. Tkﬁég{pgﬁt'eﬁi er at this point had ggggcid value of 1.5. The

crude est %ré/pggﬁl; ali refined with NaCH t ogggnove the trace amounts
s a5 fol lons: — Colot W Trenbiididiterddbsghft |11 SlodaC O[O TE, VSN YS! S
Acid Val ue 0) Hydr oxyl Val ue

! . ExAMPLEY .
0.84 | scosity at 4 4 cosity at
100[err] C, céft ) _ %ﬁEﬁR&A@QN OF 'SONP'QXB@’&'/&&NQ%HH r]C, cst.
221 Pour Poi nt THeeprephration of lsononylisononancate was carf&d oyt by chittgiry
Point, [err]F 31 Fire Point

. ) CFir [erT]F
340 25 Col or 94680, g8ams (1410 gauivalentsy Jsepanancicoecidognd 1740 grams (1.15
EXAMPLE 5

A5 liter, 4 neceT B REOAOR AN s Hhr oDl arion Jelsey The

A ! ssel equl pped wi th agitation
col um to condensesselds equipped with agitalionanga calumnip icondenserandirgmave veaters s

wth 100 2 10 72O gpBtbRSyigRekiy EkEssE Bpfback 1R ot Bk, TR O

aci d (3.48 nvol es)reatfitth Was carried ogt alhabout 2p8tGuugtiiithe aeili vailuglofibe prépesationnd,
452.7 granms of octyl _alcoh 4. 00 nol es)... The contents of the f]ask
were heated to Zﬁ%?%@agcﬂhl%tpgps%yaﬁmf gf excess ﬂ’ﬁ{'}?‘ﬁ %ﬁ'éﬂﬁaygfw er
reached 7.3 and tvadudwas 0.7y IThewniue esterat tigipdinthadldreacid value of 1.5. The crude

14 react |s?n \Br oductF%ﬁs @“Sa i -refined tq%edecr ease the acid nupber
to 0.31. The findsterwas alkareiingd R Femove-tng tracRaaountssal agigity and, |
number - 10486: Mhés filteratthrotigh @'fitbfaid. The final analysis is as follows:

isononylisononanoate
Acid Value 0.008
Hydroxyl Value 0.84
Viscosity at 40°C, cst. 4.61
20 Viscosity at 100°C, cst. 1.64
Viscosity at -40°C, cst. 221
Pour Point, °F <-85
Flash Point, °F 310
Fire Point, °F 340
25 Color % Transmission at 440/5650 nm. : 1007100
EXAMPLE 5

PREPARATION OF A COMPLEX, NON-HINDERED POLYESTER

A 5-liter, 4-neck glass reaction vessel equipped with agitation and a

column to condense and remove water of reaction while returning the excess

30 alcohol back to the reaction vessel and a nitrogen inlet were charged with 160.2
grams of glycerine (1.74 moles), 508.5 grams of adipic acid (3.48 moles), 278.6

grams of pelargonic acid (1.76 moles) and, 452.7 grams of octyl alcohol (4.00
moles). The contents of the flask were heated to 230°C and water was removed

until the acid number reached 7.3 and the hydroxyl number reached 7.1. The



52.56 cSt, visc. [err] 100[er]C - 10.26 cSt; Viscosity Index - 187; Flash

Poi nt- 210[err]C, Fire Point - 224[err]C, Pour Point - -21 [err]C
5 . : . EXAMPLEG B '

PREPARATI ON OF A LI NEAR QLI GOESTER A 5-liter, 4-neck gl ass
reaction vesselyoQepipped Wth agitation and a col umMmpdRuPeIRnSse
and renmove water of reaction while returning the excess al cohol
back to the reaction vessel and a nitrogen ify et were charged with 480 10

grans of dipropyl ene glycol (3.58 noles), 344.6 grans of azelaic acid (1.83
ol es) . The Conte?éa%f;&ﬁﬂ&amfmkmaéﬁnéz%w@&essé%%ﬁmdn%éwowmem

r enoved unt i e aci d nunber reached and the hydroxyl nunber

reached 59.2 at product spggs were:aeid muabes 0315 hydrexyl pumbego. Gﬁ.aﬂ,ﬂcd@ 40°Gr-

nt i1 at: o nunber SPRRSREASS5G 10076 D 26 REURGHR ek TR ¥ o RE "G

Excess acid and wétrePoint-224e0QpReur Roint--21tC: aci d nunber reached
7.2 and the droxyl nunber reached 6.7. Esiwlgaét i on pr oduct was
al kali-refin to decrease the acid nunb 0. The final product

specs were: acid nunber - 0. memmomnmémwéoesm ferr]

40[err]C - 41.28 cSt; visc. [err] 100 errgjgql cSt; Viscosity
| ndex - 173; Flash Poi At5-htezaﬂepe¢k pless ppaetiopovesse wnped ms[@ta}torcanﬂcmr
Point - -54[err]C 5
Tabl e 1 column ?°c§°{'gre??e and remove pater pf reagior while fpiming the oess.
Point[err] Snok alcohdiebeck ito the reationivesseband a nitrogen ifipbweeCharged(Withy 4§0C)
gg% é 11%6 grams g:ggipropylene gl%@ (3.58 moles), %%.6 grams of ageggic agid (1.83

2873/ 2911(33/67) moles). The contshts of the flasklw8re heated to 22520 and water wasG@moved
2301 1.7

2873/ 2301( 34/ 66) untl'éhé ]-a%ld Q@'ﬁber rela%ﬁed f@ and the g)?drcm number ?gESChed 5% g'é

12. 4 -23 which i 660.8 grams ofJSelargonic acid @Y moles) were added and the
2898/ 2911( 79/ 21) 8 237 2 fee 139 05 00

2898/ 2301( 80/ 20) heating and watgaremoval werecoptinued until aciggiumber reached 28#3nd g
1.6 -7315  the hydfos@l number reachbd®.4. Excess acid and water were removed until the

acid number reached 7.2 and the hydroxyl number reached 6.7. The reaction

product was alkali-refined to decrease the acid number to 0.10. The final product

specs were: acid number - 0.10; hydroxyl number - 8.95; visc. @ 40°C - 41.28

cSt; visc. @ 100°C - 8.08 ¢St; Viscosity Index - 173; Flash Point - 262°C; Fire
20  Point-263°C; Pour Point - -54°C. |



2898-3528-8 8 -32 199 105 (79/21)

2983 223 -18 243 39 73 15
2983/ 2911(27/73) 8 -62 : 182 86 _ :
2983- 3528- 8 8 -62 157 - 180 (27/73)
2914 1. %o 9708277 - 7 149 181 mﬂﬁmm 70)
8 -5 146 209 20 35884 -43
218 86 3588-9 8. 45 -37 224
77 3588-13 7.4 - 15 243 91
3588- 19 9.2 -48 252 Table1 90 >95
3588- 33 10. 3 -21 210 108 3589- 1A
8 - -59 _ 165 | visc2 ilﬁour Point | Fiddi Point® | Smoke Index8Y- 1BiGlegs®
8 -23 188 8 (o '[&/)P- 05f 320 - 44.45
-34 v 332 _ Q2 ol© { QR’ZE 61 g 1
-54 252 2911 90 1.7 >0 171 3p28- 6 6. 995
65 . 252 7213 352‘5 /b 7. T -5
249 . 85 2873 _oc (%60 8 ops 0293 4 81 lag 60
254 5 54 | 2873/2911(33/67) 79 J{ 59 168 120 69
16 1- 2T SOdecy rongmoate 2 =7 MET gCT U ESTET
of diethyl ene glygol 2301 011- metéhyl bet alfecenchie 78 2%03 -
pentaerythritol t ebgmg{(m;q*nogt e} 5 23 352828 - | songpyl
| sononanoat e 2 AT e 28983—=jchmet
~acid ester of neopenty?&Bvcol jad®4plopy®ne o ycof2® 80 35844 ->95
ol i goester of di pfgngp@@wc ol 3aza;l ai c37aC| dri sofggnanoj ¢ a(yzd (rrtl e
rati o-2/1/2) 3588=—9——0otfgoestet ch EI opyt llc % ybUI =Tactpte
aci d- i sononattbi ¢ haPe2eAHIAR0) 4t | B- 241/ 273410 588-41 Bl i godst er_of
di et hyl ene gl ycol azel ggé‘s_aam d+ no,rban()l c afsl d (m)l e1g4at i of 2/ 1/1,}@)
- 3588- 19 = Ol I goes L \lbl I Ilb MHI \v2 (AL:I U IIUPL (J.IIUI \v2 (J.Lll U \ IIVI &
‘ratio-2/1/4) 239&3@5@8- 3 B olfi goe¥t er pf gh8kceriphe- adPpic
aci d-nonanoi ¢ aci g/ octapaj (ngl e rafio-1/2/1/p)
2983 223 -18 243 39 73
15 2883/2911(27/73) 8 -62 182 86
2983-3528-8 8 82 157 180
(27/73)
2814 1.2 -7 148 181
2983/2914(30/70) 8 -5 146 209
20 35884 23 -43 218 85
3588-8 85 -37 224 77
3588-13 74 -15 243 a1
3568-19 9.2 -48 252 80 >95
3588-33 10.3 -21 210 108
25 3580-1A 8 -58 185 113 o1
3588-1B 8 -23 188 88
TMP-05-320 445 -34 332 92 91
3528-61 8.1 -54 252 80 >05
3528-69 6.8 -65 252 72
30 3528-76 7.1 -851 248 85 >85
3528-79 74 -18 254 54




3589- 1A- TMP- 05- 3202911 (48152) 3589-1B - TMP- 05- 32012301 (49/51)
15 TMP- 05-320 - conpl ex ester trinethyl ol propane-di ner _

aci d- ct adecenoi ¢ aci d, 3528-61 - oligoester of dippropyl ene

gl ycol -azel ai ¢ aci d-nonanoic acid (nmole ratio-2/1/2) 3528-69 -
ol i goest er of ywhppgsepy! ene gl ycol - azel ai ¢ aci d- 2- et hyhexanolectmnsben277o

rati o-1/2/2) 3528-76 - oligoester of dippropylene glycol-adipic
aci d-nonanoic acid (nole ratio-2/1/2) 16 3528-79 - oligoester of

di ppropyl ene gl ycol -adi pi ¢ aci d-i sodecyl al cohol (nmole ratio-1/2/2) 20

2- ASTM D- 445 ( cSt1-2d1e* ispdedfd honticate) 3- ASTM D- 97 4- ASTM

D- 92 5- ‘]% Mllﬁér%gg?gter of diethylene@?cop E.CL-33-A-94

17 . What i s _clalne An ester base stock for a
snokel ess two cycl #02nfrid ogtadecancate, conprising: (a) a first ester
havi ng a vi scosi t y2898 - pentaetythfoldebia octleddcemateat 100[err] C, a fl ash

point 200[erg] C 0r3d2§-§$iscr%ﬂﬂ‘3&%5ﬁon atons or less; (b) a second ester
having 5 a Vi scosig%egﬁgﬁ}atégat when said second ester is mxed with

said first ester t#4- ulting ester base stock has a viscosity of
from about 3.0 cSt2a88- simengcidEste0of8pentyiglycol and priopyien@@ijcel r ] C. and a snoke

L\EdeX, of at dl ]g%f'ist t:?é%s-a - oligoester of a&p?opweneﬂaeouasé;ﬁaciaas%ﬁmtaﬁmﬁd%ore bab-2hi) -
ereln sal I rs er.1s.1S eC . .. N0 (0] . , e
et er base st ook otSRP apiaEet REHbERere gygorpripe PADERRNS s gt 212

oct adecenoafl8. 3588-13 - oligosster of Hiethyeneglycol-azalaicacidwrnangic add{male Taligl?8f2i n sai d

first ester is i S®588134- oligoester of gljcBMNaGiAipia @clE-Reptancic acid (mole rdtio-2/1/4] he est er base
stock of claim 1 vaere n5ahd 0P8Rk Sid-hshahdtSacHloBEiol (mole ratio-112/172)
3589-1A - TMP-05-320/2911 (48/52) '
3589-1B - TMP-05-320/2301 (48/51)
15 TMP-05-320 - complex ester timethylolpropane-dimer aéid-ociaﬂecenoic acid
3528-61 - oligoester of dippropylene glycol-azelaic acid-nonanoic acid (mole ratic-2/1/2)
3528-69 - oligoester of dippropylene giycol-azelaic acld-2-ethylhexanol (mole ratio-1/2/2)
3528-76 - oligdester of dippropylene glycol-adipic acid-nonanoic acid (mole ratio-2/1/2)
3528-79 - oligoester of dippropylene giycol-adipic acid-iscdecyl alcohol (mole ratio-1/2/2)
20 2-ASTM D-445 (cSt. @100°C) : '
3-ASTM D-97
4-ASTM D-92
5-JASO M-342-92
6- C.E.C L-33-A-94



15 acid ester of diethylene glycol. 6. The ester base stock
of claim 1 wherein said second ester is pentaerythritol tetra
octadecenoate. 7. The ﬂmmmmﬁ;mﬁﬂmk of claim 1 wherein said
second ester is a conpl ex. T“ t hyl ol pr opane- di nmer

aci d- oct adecengjcorgire- 20 8* ‘The dstér base stock of pergksgnirme
further conprising an additive sel ected fromthe group consisting of
extrene pressure additives, anti-foam ng ageq s, pour poi nt
depressants, rust or corrosion prevention agents, oxidation inhibitors,
detergent, di sper Y9ritds clalfé®IssUPPr essi on agents, hydrocarbon diluents.

9. An ester base stock for a snokel ess two cycle engine |ubricant
conpri si ng 1. An ester base stock for a smokeless two cycle engine ligbricant

ol goastar o e BomBhfg. e a HRALLAFnAAY A vBBdal S fBld oo @il 1l RO 5 ,
colrrpl ei( , Ron.- hi ndd@ashipoint 200°C golgss cand-20 Mml‘eétnmfw lgss] (pp& semmra\'liﬂg a

, t . .at : ;
non- hi‘nder ed o  @cgeepsip e fef pirep saippetons 3 if ek v bol il Boter dhe o
pol yol having at Irmﬁhfsfaﬂ bais® eteek hias'h visbositylof from about 3.0WE kS aBbuk B6.oR: Y O

conponent is a hi ndgée pol yol and, the carboxylic acid conponent is
10

a mono- car boxyl i c3h @ang 2,8moke index of aldeasti’®- or i xt ur es

t her eof . The ester base stock of claim9 where said conpl ex
ester is a linear 10 ol i goester having a nol ecul ar wei ght of 3000

Dal tons or less. 2.  The esier basghstogktafrclaims & wherein said dirsi ester ishispdecyl
sai d ol igoester igfaohdinafd i goester conpri sed of dipropyl ene '

gl ycol -azel ai ¢ acl dnonanoi ¢ acid. .

10 3. The ester base stock of claim 1 wherein said first ester is methyl
octadecenoate,

4. The ester base stock of claim 1 wherein said first ester is isonony!
isononanoate.

5. The ester base stock of claim 1 wherein said second ester is the dimer
15 acid ester of diethylene glycol. |

6. The ester base stock of claim 1 wherein said second ester is
pentaerythritol tetra octadecenoate.

7. The ester base stock of claim 1 wherein said second ester is a complex.
ester of trimethylolpropane-dimer acid-octadecenoic acid.

20 8. The ester base stock of claim 1 further comprising an additive selected
from the group consisting of extreme pressure additives, anti-foaming agents,
pour peint depressants, rust or comrosion prevention agents, oxidation inhibitors,
detergent, dispersants, smoke-suppression agents, hydrocarbon diiuents.

8. An ester base stock for a smokeless two cycle engine lubricant comprising



12. The ester base stock of clai m.Q_Me-r—ei—nvs—airel—eH--goester Is the

ol i goest er conprised of dipro -adi pi ¢ aci d- nonanoi ¢
acid. . 15 .13. The ester base sth MEH ﬂEerei n said oligoester
is the oligoester corrprl sed col -azel aic

aci d- nonanol ¢ @ /08277 . The ester base st ock of BCHUSéA2mMEr €i n
said oligoester is a diner aci d ester of diethylene glycol

15. The ester '‘base stock of claim9 furtherqgonprising an additive
sel ected 20 fromthe group consisting of extrenme pressure additives,

anti -foam ng agentohe or more esiefs delgttad frorians group TonsistingSif: @) adinehaosligdaster
prevention agents, oxidation inhibit

t t ;
smoke- suppr essi on N8 9@0%9@?0%9@&23@99@@#?@ orqgss(?? eanco"l X, Sa&é"@i’

base stock of cl aipg 3@3@%&9&%@ poRBREchipGiEnels d ﬁioibcﬁlé .one or moré beta
19 . non-hi n

red pol yester "wherein the % nent is
mol’ SCELSI an ngI grﬁﬂdmge" ame@F (ch#r eomplex, rmpnm&ﬁe 190|y9$teavﬂlﬁl‘9mathbcpgiyalg
therein sard ol y SomEengAL B n-hindered polioPHiking Belst PO FBUHEH B cffes

cSt to about 20. 0 whéreintthé Qifysl lcblﬁppnentplsw himglerdd pbiyblesmd tlﬁ carbbhy’lic adidut
O[err]C. and, a snmoke index of at é dester base

stock of clai m 16 SRAACEREAL B2 4N °@6’ﬁp%‘ﬂ%rﬁr 3 polycqy; ﬂxyllc acid or MXYES o g
pol yol having at keasebf. 3 OH groups and said pol ycarboxylic acid having

at | east 2 carboxyl groups and a nono-carboxylic acid. 18. The

ester base stock of claim 16 wherein the polyol/pol ycarboxylic acid

10. The ester base stock of claim 9 where said complex ester is a linear
10 oligoester having a molecular weight of 3000 Daltons or less.

11.  The ester base stock of claim 9 wherein said oligoester is the oligoester
comprised of dipropylene glycol-azelaic acid-nonanoic acid.

12. The ester base stock of claim 8 wherein said oligoester is the oligoester
comprised of dipropylene glycol-adipic acid-nonanoic acid.

15 13. The ester base stock of claim 9 wherein szid oligoester is the oligoester
comprised of diethylene glycol-azelaic acid-nonanoic acid.

14. The ester base stock of claim 9 wherein said oligoester is a dimer acid
ester of diethylene glycol

15. The ester base stock of claim 9 further comprising an additive selected
20 from the group consisting of extreme pressure additives, anti-foaming agents,
pour point depressants, rust or corrosion prevention agents, oxidation inhibitors,

" detergent, dispersants, smoke-suppression agents, hydrocarbon diluents.

16. The ester base stock of claim 9 where said complex ester is a complex,



10 nole ratio is equal to fromabout 0.1/1.0 to about 4/1. 19.
The ester base stock of cl id polyol is glycerin, said
pol ycarboxylic acid is adi ﬁumaﬂ"mm‘lwmﬁ nmonocar boxylic acid is.

hept anoi ¢ aci d. 20.° TFhe"ester* base stock of claim 16 further
conprising an ywgdihd¥e sel ected fromthe group consisdtwyensro
extrenme pressure additives, anti-foam ng agents, 15 pour poi nt

depressants, rust or corrosion prevention aggnts, oxidation inhibitors,
detergent, dispersants, snpke-suppression agents hydr ocar bon dil uents.

21.  The ester Dighihdgkd Bbiyebid) Fhrei i bold i sPmbRiouletaRirgBAY ©X:
non- hi nder ed pol yester ern t e polyol npon nt 1s a non- |n er
polyol - haari more:eta bydrogen atorgs, mycanbmlnyaadwmmai least @ dathaxyly at

sai d pol yost or * haoups ahl ¥ RitmolafBRRE AR bbbl S ndited ' Hndligy )"
about 20.0 cSt atviddd8ie of fréin,aboup8.0rcSt to about 200i 08t abfl 00%C: sa pbanpasihiofiless
Oferr]C and, a s ke, indgx of .at st /5. 22. The ester base
stock*of clafm 21t @P@'ir'}g) @@"ﬂoﬁ’%"%ﬁl'@fé&%@&!ﬁ??ﬁ%ci d nole ratio
Is equal to fromabout 0. 1/1.0 to about 1/1.

20 23. The ester base stock of claim21 wherein said
pol ycar boxyl i ¢ acl@ hdbegster base stock ghaeinp1Gwheysinsaidpelvel sompenentise poro 54

b t d 1§ i
carbon atons an és}tedc:@ ha@ﬁ%éﬂéﬁ&:’sOH roup@aﬁ:?sé’iﬁ %xﬁfc d having

24. The ester base m 21 V\,her I n sal X, non-
pol yester is a p(ﬂtmarcadimyl gioups nedadngmarcarbpwlnm 0| c acid/ oct anol in
a nole ratio of 1/2/1/2 respectively.

18. The ester base stock of claim 16 wherein the polyol/polycarboxylic acid
10 mole ratio is equal to from about 0.1/1.0 to about 4/1.

18. The ester base stock of claim 16 wherein said polyol is glycerin, said
polycarboxylic acid is adipic acid and said monocarboxylic acid is heptanoic acid.

20. The ester base stock of claim 16 further comprising an additive selected

from the group consisting of extreme pressure additives, anti-foaming agents,
15 pour point depressants, rust or corrosion prevention agents, oxidation inhibitors,

detergent, dispersants, smoke-suppression agents, hydrocarbon diluents.

21. - The ester base stock of claim 9 where said complex ester is a complex,
non-hindered polyester wherein the polyo! component is a non-hindered polyol
having at least 3 OH groups, a polycarboxylic acid having at least 2 carboxyl
20 groups, a mongcarboxylic acid, and a monool wherein said polyester has a
kinematic viscosity of from about 3.0 ¢St to about 20.0 ¢St at 100°C., a pour
. point of less than about 0°C. and, a smoke index of at least 75.

22. The ester base stock of claim 21 wherein the polyol/polycarboxylic acid
mole ratio is equal to from about 0.1/4.0 to about 1/1.



25. The ester base stock of claim 2l -wherein-sat-d—eonplex, non-hi ndered

pol yester is a polyester of glycerine-adigi ' oi ¢ aci d/ hexanol in
amle. . _ratio of 1/2/1/2 respecti !!m"m" EH "gﬂ
‘ e

S R The ester base
stock-"of .claim 21 further conprising an lktI've wselsecked fromthe

group consi sti o Sleset reme pressure additives, anti-foam ngrepesdsaz77o
pour point depressants, rust or corrosion prevention agents, oxidation
i nhi bitors, detergent, dispersants, gyoke-suppression agents,
hydr ocar bon di |l uents. 27. The ester base stock of claim?9

wherein said esteRsis JFheesterbadhstotk of tilith 2PwhereitP$al® bolySarBEX/AEE Beill had at

hi ndered pol yol and the car goxyl ic acid cogonent IS a .

mono- car boxyl i ¢, #35b¢ GRBPHEAPUPE and framc to o4 eaTkionateRg and aaid gronoot has from
28. The ester ba®agd)eakhdifatsh@dl M 27 wherein said ester is - :

di pentaerythritol ester of pentanoic acid. - 29. The ester
base stock of claim 27 wherein said ester is trinethyl ol propane 20

o aery 1 T papf Bis8 Stk A il 8 Bl Hoh el
ester base st®ck pbilyester isatbblydsterof glysennk-adipie acidhonancicpicitiootariot in Pmole

tri met hyl ol propane-di ner, | d- oct adecenoi ¢ aci d.
21 32. ﬁ?@‘g‘é{%ﬁ&d’%@e@'ﬁ’%'k of claim 27 wherein said ester is a

conpl ex ester of trimet hyl ol propane-i sotri decanol -adi pic acid

33. The ester base stock of claim27 further conprising an additive -
sel ect ed 25. The ester base stock of claim 21 wherein said complex, non-hindered

polyester is a polyester of glycerine-adipic acid-heptanoic acid/hexanol in a mole
ratio of 1/2/1/2 respectively.

10 26. The ester base stock of claim 21 further comprising an additive selected
from the group consisting of extreme pressure additives, anti-foaming agents,
pour point depressants, rust or corrosion prevention agents, oxidation inhibitors,
detergent, dispersants, smdke-suppression agents, hydrocarbon diluents.

27.  The ester base stock of claim 9 wherein said ester is an ester wherein the
15 polyol component is a hindered polyol and the carboxylic acid component is a
mono-carboxylic, a polycarboxylic acid or combinations thereof.

28. The ester base stock of claim 27 wherein said ester is dipéntaerythrito!
ester of pentanoic acid.

29. The ester base stock of claim 27 wherein said ester is trimethylolpropane
20 tristearate.

30. The ester base stock of claim 27 wherein said ester is pentaerythritol tetra
octadecenoate.

31.  The ester base stock of claim 27 wherein said ester is a complex éster of
trimethylolpropane-dimer acid-octadecenoic acid.



fromthe group consisting of exirene pressure additives, anti-foam ng

agents, 5 pour poi nt or corrosion prevention agents,
oxi dation inhibitors, mlm ﬂwmgmnjml spersants, snoke-suppression
agents, hydrocarbon d| | uentrs. thod for elimnating or

reduci ng obserwgBygrsoke in the exhaust em tted froparudoeeeycl e
gasol i ne engi ne which conprises bringing the conponents of said
engi ne which are to be lubricated into contggt with an 10 effective

anount of a |ubricant conprising: (a) a first ester having a viscosity of
about 2 cSt_or | ogs atTnbléabé stok bt At PP WbreiPShif eblerisd cdrfipiex o8i8flof 0
carbon atons | ess; ) second ester having a Viscosity suc

t hat when said setamethm::@pane-lsotndeoaaohaquawdth said first ester the
resulting ester base stock has a viscosity of from about 3.0 cSt to
about -20.0 cSt at 100[err]C. and a snoke index of at |east 75. 15 35.
The nethod of cl &@3n 34 hetesteribass stotk of claim E'Sfm'theirsomudag)ai'l auditivs ealeeted

36. Th thod qf claim3 ' d first este
oot adecenoat o Hror 38 Bhotip cSRSiafin!of Bisforia Pidiestil adeitibs, Bnthioeing pgents
ester is isoBonylpouspointaasressants, rust or corrosish preVértionRigents, exidatoni iffhibiors,

wherein said sec% ester Is the diner acid ester of diethyl ene
gl ycol . 20 roeft disPermants, SMokeSHPRESHAR AgPR!Ss Bmoﬁéﬁﬁé"@t%r i s
pentaerythritol tetra oct adecenoat e. 40. The net hod of

claim 34 wherein said second ester is a conplex ester of )
trinet hyl ol pr opar¥- di Aemethacfos elininatios or ing observable smoke in the exhaust

22 WiitdB ol 8 -8 Yhobitle %ﬁ@.neomidhs cBfhpRSed Bihhinkthe
sel ected fromthe group COI’ISI Ing o treme Ot A | VES,
anti-foam ng agereospqnents pbsad engine which are to be Iubncated into contact with an
10 effective amount of a lubricant comprising: (a) a first ester having a viscosity of
about 2 ¢St or less at 100°C, a flash point 200°C or less, and 20 carbon atoms
or less; (b) a second ester having a viscosity such that when said second ester
is mixed with said first ester the resulting ester base stock has a viscosity of from

about 3.0 ¢St to about 20.0 ¢St at 100°C. and a smoke index of at least 75.
15 35. The method of claim 34 wherein said first ester is isodecyl nonanoate.

36. The method of claim 34 wherein said first ester is methyl octadecenoate.

37. The method of claim 34 wherein said first ester is isononyl isononanoate.

38. The method of claim 34 wherein said second ester is the dimer acid ester
of diethylene glycol.

20 39. The method of claim 34 wherein said second ester is pentaerythritol tetra
octadecenoate.

40. The method of claim 34 wherein said second ester is a complex ester of
trimethylolpropane-dimer acid-octadecenoic acid.



depressants, rust or-corrosion prevention agents, oxidation inhibitors,
det er gent, di spersants, snoke-suppression agents, hydrocarbon

diluents. .. .5 42. A nmethod for elim ng observabl e :
snoke -i'n t-he ‘exhaust - emtted from[m I{xlﬂﬂ m"mﬁgﬂul i ne eng| ne which
conpri ses bri ngbagedzhe conponents of sal d engisne *whi GdrraddsaDIbe
| ubricated into contact -with an _ effective anount of a |ubricant
conprising one or nore esters sel ected fromgshe group consisting of:
(a) a linear oligoester having a nol ecul ar wel ght of 3000 10 Dal t ons or

l'ess; (b) a conpl @1, nPRe RiglsRy sFbidhnlMea IR dbhﬁl@hg dn'HRIdRRE ¥Blected from the
conponent is a nol ecul e hayi ngf one or nore beta h en at ons;
r

(c)
conpl ex, non- hi nd@Fa® ‘i%‘ﬁ e%@?eﬂ'?ﬁsﬁfﬁba%ﬂ\ﬁﬁﬁl a’@,tb WGﬁ@s ePOHbﬁmm

hi nder ed pol yol h cﬁng—é |
pol yol corrpa%tr)\ent |s a h| n erecggﬁo yomn ﬁgn'%é{;be)&ao?h@ﬁm ?@ arbc ent,
conponent is a nodispefsants, smkb:supﬂmssmagems lwdmtarbmbments c acid or

m xtures thereof. . The nmethod of claim42 where said conpl ex
ester is a linear oli goester havi ng a nol ecul ar wei ght of 3000 '
Dal tons or |ess. 42. A methéd forTélmﬁiﬂnl@Qﬁ @Buﬁh?bﬁ%&@a&@%ﬁﬁk@ iP ﬁ'léj?xhausf _
oligoester is the oligoester onpr.i sed | propyl ene azel ai c

aci d- nonanoi ¢ aci @mittecb from a dwo-cygle mqliag enging MWM@WS@ rbftf'alﬂﬂ the
[ i i h
ol I goester 1Is tcfgﬁhbgﬁéﬁk%f spid enqjﬂe rreémgfﬁi E#’Beqhﬂﬁ&ﬁ%d m@cgh%ﬁphtgdérp' ¢

aci d-nonanoi c a ) _ clarm erelrn sal
oligoester is t heeﬁﬁbﬁlgg@\mwntofalubrimqwnpﬁsing ofie di moteydsiers sglepted| fram ¢heni C

ol Gonorar®] S 3°,fhup caneing (o, A BedPbidiath ARl B GetET Sencel ooo
23 10 Daitons or less; (b) a complex, non-hindered polyester wherein the polyol
component is a molecule having one or more beta hydrogen atoms; (c) a
complex, non-hindered polyester wherein the polyol component is a non-
hindered polyol having at least 3 OH groups; (d} an ester wherein the polyol
component is a hindered polyol and the carboxylic acid component is a mono-

15 carboxy}ic acidora polyéarboxy!ic acid or mixtures thereof.

43. The method of claim 42 where said complex ester is a linear oligoester
having a molecular weight of 3000 Daltons or less.

44. The method of claim 42 wherein said oligoester is the oligoester
comprised of dipropylene glycoi-azelaic acid-nonanoic acid.

20 45. The method of claim 42 wherein said oligoester is the oligoester
comprised of dipropylene glycol-adipic acid-nonanoic acid.

48. The method of claim 42 wherein said oligoester is the oligoester
comprised of diethylene glycol-azelaic acid-nonanoic acid.

47. The method of claim 42 wherein said oligoester is a dimer acid ester of
25 diethylene glycol



48. The nethod of claim 42-furt hni conprising an additive selected from

t he group consi sti n ne pressure additives, anti-foam ng
agents, pour point HW”H or corrosion prevention
agents, oxidation inhibi tor di spersants,

snoke- suppr esy@pgaent s, hydrocar bon d| | uent s. 5 49.pcTiUsos/marhod of
claim42 where said conplex ester is a conplex, non- hi nder ed

pol yester wherein the polyol conponent is apgol ecul e having one or

nore beta hydrogen atons, a polycarboxylic acid having at |east 2 carboxyl

groups and a nongg;ar Wéﬂéﬁo@@&htm%eﬁﬁrﬁpﬁﬁﬂg’ﬁé@dm@&@m&%’iﬁ"fﬂec

viscosity of fromabout 3.0 cSt to about 20. pour poi nt of
less 10 than alsep epnsistipgof exfigmespressie adﬁ@&s.eﬂtlﬁamlaawem pour point

50. The net hod t: @feB$ ered
pol yor having athgast @@s@%ﬁ%ﬁgﬁé@gﬁ@ﬂﬁeﬁgﬁa |'cﬁ'gc&a an égﬂat

| east 2 clispersarits, mkpssupprbsslommyentah?mnbonwudwts

The met hod of cl|laim49 wherein the pol yol pol ycarboxylic acid nole rati o 15

S equal to fromabout 0.1/1.0 to about 4/1. 52. The met hod of
claim49 wherein said polyol is gl yceri n, said polycarboxylic acid

I's adi pic acid and said nonocarboxylic aC|d I s heptanoic acid. -
5. rhe mathod 0B o1 APRMENRR ol AEIM A2 PR S SRR SSter s AL FuEPIEN, PR

the gr oum.ﬁdm& pbiyastePivhréir &I ToHpBnaAtds b'm&écu:awavmtg% LY

agents, pour poi nt epressants, rust or COrrosion prevention agents,
oxi dati on i nhi bi tr6<P"§ bQiéth’(j’@ﬁt" atoms, a PO‘WM%EG@ haying|@!-lsagip? %Q%‘

agents, hydrocar bH@%t no-carnboxyhc acig- wh&E g:gﬂlegfeMa%' g

sai d conplex est |s a conpl ex pol yester ereln
t he pol yol corrpormmpsstysoéfrwmmbnutrﬁiacsutmoymzﬁ ﬁaaat agwo C., a pountpdintnfiess OH

ronocar boxyl ¢ s abod B St Sl hoRBTpRRETRCI Y Dhs Bl Remati .

50. The method of claim 49 wherein said polyol component is a non-hindered
polyol having at least 3 OH groups and said polycarboxylic acid having at least
2 carboxyl groups and a mono-carboxytlic acid.

51. The method of claim 49 wherein the polyol/polycarboxylic acid mole ratio
15 is equal to from about 0.1/1.0 to about 4/1.

52. The method of claim 48 wherein said polyol is giycerin, said polycarboxylic
acid is adipic acid and said monocarboxylic acid is heptanoic acid.

53. The method of claim 49 further comprising an additive selected from the
group consisting of extreme pressure additives, anti-foaming agents, pour point
- 20 depressants, rust or corrosion prevention agents, oxidation inhibitors, detergent,

dispersants, smoke-suppression agents, hydrocarbon diluents.

54. The method of claim 42 where said complex ester is a complex, non-

hindered polyester wherein the polyol component is a non-hindered polyol having

at least 3 OH groups, a polycarboxylic acid having at least 2 carboxyl groups, a
25 monocarboxylic acid, and a monool wherein said polyester has a kinematic .



24 viscosity of fromabout 3.0 cSt to about 20.0 cSt at
100[err]C., a pour point of |ess than about QOferr]C. and, a snoke

i ndex of at |east 75. 55. T m42 wherein the
pol yol / pol ycar boxyl i c acid nol e ratio EI[‘E " H I% |HE E to from about
0.1/1.0 to abowogyggw., 5 m 42 WRer/psdsnsrod

pol ycar.boxyl i ¢ "acl as at Iéast 2 car boxyl groups and from2 to 54
carbon atons and said nonool has from2 to 20 carbon at ons.
57. The nethod of claim42 wherein said con%ﬁ ex, non-hindered pol yester is

o P05 ST o1 2 BB abod 6 oSPEARRE2ES o8 AR ol k1 B! ©

wher ei n sai d conpltean abmﬂO‘ICndnd ,asmokeyindex of atdeast 75. a polyester of
gl ycerine-adi pi ¢ aci d- heptanoi ¢ aci d/ hexanol in a nole ratio- of
1/ 2/ 1/ 2 respectively. 59. The nethod of claim42 further

conprising an addigs, ve The nfsthafoffdlm 42Wwhérein the poRbifpoheamoxylicHtidmokXiatio e
pressure additives, anti-foam ng a ents, Bour oi nt depressants,

rust orcorrosion pﬂ%@@‘#ﬁ‘l%ﬂ"ﬁ’g@ﬂu& 6&9@%? e ¥hhi bitors, detergent,
di spersants, snoke-suppression agents, hydrocarbon diluents. 60.
The nmethod of claim42 wherein said ester is an ester wherein the poly

conponent is & hi rﬁﬁeredThﬁ)m?ﬁlOd&flQHMéMQI@MyﬁﬂQ:P‘&W%h%@W@rﬁlas|a§ la;aStho-

20 car boxylic, ’tfbg‘li' fhﬁn I?&{T&b

61. The et hod ofcg i erel nigtal CHeag er ge%%&a@r%ﬁﬂ qsg[orrégttgr
of " pent an@0ccasissrdatoms. 62. The net hod of claim 54 wherein
said ester is trinethylol propane tristearat_e.

57. The method of claim 42 wherein said complex, non-hindered polyester is
a polyester of glycerine-adipic acid-nonanoic acid/octanol in a mole ratio of
10 1/2/1/2 respectively.

58. The method of claim 42 wherein said complex, non-hindered polyester is
a polyester of glycerine-adipic acid-heptanoic acid/hexano! in a mole ratio of
1/2/1/2 respectively.

- 59.  The method of claim 42 further comprising an additive selected from the
15 group consisting of extreme pressure additives, anti-foaming agents, pour point
depressants, rust or corrosion prevention agents, oxidation inhibitors, detergent,

dispersants, smoke-suppression agents, hydrocarbon diluents.

60. The method of claim 42 wherein said ester is an ester wherein the polyol
component is a hindered polyol and the carboxylic acid component is a mono-
20 carboxylic, a polycarboxylic acid or combinations thereof.

61. The method of claim 54 wherein said ester is dipentaerythritol ester of

pentanoic acid. '

62. The method of claim 54 wherein said ester is trimethylolpropane
tristearate.



25 63. The net hod—of—etaim 54 wherein said ester is
pentaerythritol tetra oct adecenoat e. 64. The nethod of

cl ai m 54 wherein said esteUMHM]ﬂH"M ter of

tri net hyl-oi propane-di mer a Imam d. 5 65. The net hod of
cl aim 54 V\/neremgmﬁ ester is a co I%x *est er of PCT/US96/12770
trimethyl ol propane-isotridecanol -adi pic acid 66. The nethod of
claimb54 further conprising an additive sel@cted fromthe group

consi sting of extreme pressure additives, anti-foam ng agents, pour point

depressants, rus@3or TRE AGthod ¢F MM LSL Wriddsin (shid @bt as! e’e}té&gir@ﬁ 1%etra

detergent, 10 dlspersants snoke- suppression agents,

di tuents. - octadggenoate, a two-cycl e internal combustion engine
conprising |ubricant, the I nprovenent wherein said |ubricant
conpricses: (a) a fi rst ester having a viscosity of about 2 cSt or

| ess at 1 00[err b€, aThe aséthpdioft claind (S wherein shits estearid £ ConmpidoBster G5

or Iess (b) as er. haying_a. viscosity. such that when said second
ester® ﬁﬂ!ﬁ%‘g‘xﬁﬁ"@e@‘ P'dé@%‘fec?ﬂé' CAGKY| ting ester base stock

has a vi scosMy of from about 3.0 cStto about 20.0 cSt at
100[err] C. m)k_g |nde§ q?f at | east 75. 68. The two-cycle
engi ne of cl®im 8 heimetbad ofr clan 4 woerein saigh gateyis a °°mP|e>h§§t§h&it e.

69. The two- cychﬁngﬂgb%&gnqu@haégnd;@gfpﬁ&,dsal d first ester is nethyl 20
oct adecenoat e he two-cycle engine of claim®67 wherein said

first ester is isononyl | sononanoat e.
66. The method of claim 54 further comprising an additive selected from the
group consisting of extreme pressure additives, anti-foaming agents, pour point
depressants, rust or corrosion prevention agents, oxidation inhibitors, detergent,

10 dispersants, smoke-suppression agents, hydrocarbon diluents.

67. In a two-cycle intemal combustion engine comprising lubricant, the
improvement wherein said lubricant comprises: (a) a first ester having a viscosity
of about 2 ¢St or less at 100°C, a flash point 200°C or less, and 20 carbon atoms
or less; (b) a second ester having a viscosity such that when said second ester
15 is mixed with said first ester the resulting ester base stock has a viscosity of from
about 3.0 cSt to about 20.0 cSt at 100°C. and a smoke index of at least 75.

68. The two-cycle engine of claim 67 wherein said first ester is isodecyl
nonanocate.

69. The two-cycle engine of claim 67 wherein said first ester is methyl
20 octadecenoate.

70.  The two-cycle engine of claim 67 wherein said first ester is isononyl
isononanoate.

71.  The two-cycle engine of claim 67 wherein said second ester is the dimer
acid ester of diethylene glycol.



71. The two-cycle engine of claim®67 wherei n said second ester is the

di mer acid ester of diethyl ene—ghycot

26 . 72.. The two-cycle engi.ne i n sal d second ester
S " .pentaerythritol tetra octad MEE[‘ EI m Ili The two-cycle
engi ne of cl ai RPF rein said secon Iex PCT/USSS e Of
tri met hyl ol propane-di ner aci d-oct adecenoi ¢ aci d. 74. The two-cycle
engi ne of claim®67 wherein said lubricant is éurt her conprised of ah
additive selected fromthe group consisting 0f extreme pressure

addi tives, anti-fagm ngn@@%@m&%ﬂg.r@'dﬂc@w@smn ééi&tsééon‘ao%fé?'@”

prevention agents, oxidation 1'nhibitors, detergent, dispersants, snoke-
suppr essi on agent spenwwmm ogtadesmpeate. 10 75. In a two-cycle

i nternal conbustion engine conprising lubricant, the F mpr ovenent
wherein said | ubricant conprises one or nore esters selected from

t heé group consi stiAdy offheMcyclé'engiasof)d:l'algo%waerehesa'ldlwnndmmmalcompleght

of 3000 Dalt a,.co hi.nder.ed pol yester
wherein the pol yoles °f9"m%f§ﬁ9t9@€" %ﬁ%‘écﬁ%‘?}?ﬁ done or more beta

hydrogen atoms; (c) a 15 conpl ex, non- hlndered polyester wherein the
pol yol conponent is a non- hi nder ed pol havi ng_ at | east 3 OH

groups; (d) & est’d wilbeciwe-ayele gpgipg| of clam 7cM§Eﬁ%rﬁa'q dubricant dwe feigher
pol yol and the car, 91}\4,5 dRRER JB8% %&{.gp,zé/ i d
or a pol ycarboxyl .‘% dggiraﬁm xture%t rfgog?ﬁ’l cons:stmgo? h -cy c?&s
engi ne of cl ai m 7®Rdgitves, sali-fbaming| agents;t pour poist Iden@ssalzb. rustopr gmrgslon

having a mol ecul an,uei a8 GhentO0 GxiddibA" nitolS Uetergent, dispersants, smoke-

suppression agents, hydrocarbon diluents.

10 75. In a two-cycle internal combustion engine comprising lubricant, the
improvement wherein said lubricant comprises one or more esters selected from
the group consisting of: (a) a linear oligoester having a molecular weight of 3000
Daltons or less; (b) 2 complex, non-hindered polyester wherein the polyol
component is a molecule having one or more bsta hydrogen atoms; (c) a

15 compiex, non-hindered polyester wherein the polyol component is a non-
hindered polyol having at least 3 OH groups; (d) an ester wherein the polyol
component is 2 hindered polyol and the carboxylic acid component is a mono-
carboxylic acid or a polycarboxylic acid or mixtures thereof.

76. The 2-cycle engine of claim 75 where said complex ester is a linear
20 oligoester having a molectlar weight of 3000 Daltons or less.

77. The 2-cycle engine of claim 75 wherein said oligoester is the oligoester
comprised of dipropylene glycol-azelaic acid-nonanoic acid.

78. The 2-cycle engine of claim 75 wherein said oligoester is the oligoester
comprised of dipropylene glycol-adipic acid-nonanoic acid.

25 78. The 2-cycle engine of claim 75 wherein said oligoester is the oligoester



77. The 2-cycle engine_of claim75 wherein said oligoester is the
ol i goest er conprised t of dipropyl-ene gl ycol -azel ai c aci d-nonanoi ¢

acid. 78. The ZU claim75 wherein said oligoester
is the oli. goest er m mam ﬂm opyl ene gl ycol -adi pic
aci d-nonanoi ¢ woisdmgs2r7 25 * I e engi ne of cl ai ne@Busdaaz?e n
said oligoester is the ollgoester

27 conpri sed of diethylene glycol-a#%elaic acid-nonanoic acid.

80. The 2-cycle engine of claim75 wherein said oligoester is a diner acid
ester of di et hyl eBempHhsetdf diethylene glyo@azeti@&ct&-ﬂﬁhﬁc%ﬁ!‘ ne of claim75

further conprising an additive sel ected fromthe group consisting of
extrenme pressure addi t [ ves ~ant | - f oam ng agent S, pour poi nt
depressants, rustggr E2in 78 SHerein RatdAildd

det er gent, di spersants srm e- pl‘eSSI on agents, cfp ‘cd Etelﬁ@déphnté%a?d

82. The 2-cycle Qstgrefedlelhylenalglucbs wher e said corrpl ex ester is a conplex,
non- hi ndered pol yester wherein the polyol conponent is a nolecul e having

one 10 or nore beta hydrogen atons, a polycarboxylic acid having at
Ie?st 2 car boxyl 81. The Ziyclpenging of otaim?ﬁ&urﬂwncbmpnsmgfémﬁtﬁﬁﬁﬁersm
pol yest er

fr (rEtIC Y Vi ?cosit of fromg. hbout 3.0 cSt to about
20.0 cSt at 0[ e e grpun GeNSiRting Of gKirerpg pressure ad ‘E'Y%%naa%- inp agents,
and, a snoke i ndegog dpoﬁit ldéﬂ%%&ar?é rust or corrosion Br"’eventﬂ?%g’en%’ %aﬁé}ghﬁﬁ ?’IE

cl ai m 82 wherein sal conponent is a non- i nder ed
havi ng at |east 3delergen ﬁwwt%aﬁ"epl@oﬁtgmmmwgeet%bva‘aﬁamong!ﬂuents at
| east 2 carboxyl groups and a nono-carboxylic acid.

82. The 2-cycle engine of claim 75 where said complex ester is a compilex,
non-hindered poiyester wherein the polyol component is a molecule having one
10 or more beta hydrogen atoms, a polycarboxyilic acid having at least 2 carboxyl
' groups and a mono-carboxylic acid wherein said polyester has a kinematic
viscosity of from about 3.0 ¢St to about 20.0 ¢St at 100°C., a pour point of less

than about 0°C. and, a smoke index of at least 75.

83. The 2-cycle engine of claim 82 wherein said polyo! component is a non-
15 hindered polyol having at least 3 OH groups and said polycarboxylic acid having
at least 2 carboxyl groups and a mono-carboxylic acid.

84. The 2-cycle engine of claim 82 wherein the polyol/polycarboxylic acid
mole ratio is equal to from about 0.1/1.0 to about 4/1.

85. The 2-cycie engine of claim 82 wherein said polyol is glycerin, said
20 polycarboxylic acid is adipic acid and said monocarboxylic acid is heptanoic acid.

86. The 2-cycle engine of claim 75 further comprising an additive selected
from the group consisting of extreme pressure additives, anti-foaming agents,
pour point depressants, rust or corrosion prevention agents, oxidation inhibitors,
detergent, dispersants, smoke-suppression agents, hydrocarbon diluents.



84. The 2-cycle engine of claim82 wherein the polyol/polycarboxylic acid
nole ratio is equal to fremabout-0-1/1.0- te about 4/ 1. 85. The

2-cycl e engine of claim 82 is glycerin, said 20
pol ycar boxyl ic acid is adi pﬁgﬁmmeﬂﬂ ﬂ m)nocar boxylic acid is
hept anoi ¢ aci dyg ey engi ne of cl ai m perfdidiieh
conprising an addi t | ve sel ected from the group consisting of

extrene pressure additives, anti-foam ng agesy s, pour poi nt
depressants, rust or corrosion prevention agents oxidation inhibitors

detergent, disper ts gqige ‘%@’%?e
28 87. ?;ﬁrg ZTE:'?/C en meéats)'t{?hIQ ere S d corrp ex g??eei‘ S
a conpl ex, nondiinderetipolyes grdwmmhe\pwpmmmnpisi a/non-bindpredepalyal s a

hi_nd d | |
Bl havi g ar 1 sdeving at Jeast 3X5H Bholbe, ' Bcaine e BHIRid ApHEL GBS0
Sbout 3.0 £S 1o %'E““ﬁspglomgmmb’f’ﬁi?g@ and K RO nefeirs 8 polyseter N o
abou c o apou c er
t han about O[er]%' e&’?ﬁ"?\’éﬁc&ﬁ&é’? £ 3}&9 SgtgéimngOOCStat 1%0° ©Gga poyhe
2-cycle engine of ﬂairﬁbmeﬁzmaiemutobbeaiiwiavghéi&qhae@émwmsam d

mole ratio is equal to fromabout 0.1/1.0 to about . 89. The
2-cycl e engine of claim87 wherein said polycar boxyl | c acid has at 10

rom o030 B CIB vl hgind 81 Vi gReid i AAoIRRNAMRANE adlf

cl ai m 87 wherei n dudle ratiorip egual ta domalbels0:1/1.0 to about Hél yester is a
pol yester of glycerine-adipic acid-nonanoic acid/octanol in a nole
ratio of 1/2/1/2 respectively.

89.  The 2-cycle engine of claim 87 wherein said polycarboxylic acid has at

10 least 2 carboxyl groups and from 2 to 54 carbon atoms and said monool has from
2 to 20 carbon atoms.

90. The 2-cycle engine of claim 87 wherein said complex, non-hindered
polyester is a polyester of glycerine-adipic acid-nonanoic acid/octanol in a mole
ratio of 1/2/1/2 respectively.

15 91. The 2-cycle engine of claim 87 wherein said complex, non-hindered
polyester is a polyester of glycerine-adipic acid-heptanoic acid/hexanol in a mole
ratio of 1/2/1/2 respectively.

92. The 2-cycle engine of claim 87 further comprising an additive selected

from the group consisting of extreme pressure additives, anti-foaming agents,

20 pour point depressants, rust or corrosion prevention agents, oxidation inhibitors,
_detergent, dispersants, smoke-suppression agents, hydrocarbon diluents.

83.  The 2-cycle engine of claim 75 wherein said ester is an ester wherein the
polyol cdmponent is a hindered polyol and the carboxylic acid component is a

mono-carboxylic, a polycarboxylic acid or combinations thereof,

25 84. The 2-cycle engine of claim 83 wherein said ester is dipentaerythritol



15 91. The 2-cycl e engima_gt cl-al-m-87-wherein sai d conpl ex,

non- hi nder ed yester is a po ester of ycerine-adipic

aci d- hept.anoi ¢ aci d/ hexanol ”mwnmﬂﬁ“l I&lm r at | o of 1/ 2/ 1/ 2
respectivel Y. ine of claim87 further
conpri si ng anygfigjekirye sel ect ed fromthe group consipefriusgs/1fro
extrene pressure additives, anti-foam ng agents, 20 pour poi nt

depressants, rust or corrosi on prevention agents, oxidation inhibitors,
detergent, dispersants, snoke-suppression agents, hydrocarbon diluents.

93. The 2-cycl eqgiddboPBemhngibaki 75 Wherein said ester is an ester wherein
t he pol yoﬁﬁgong?)nent ?s a hindered polyol and the carboxylic acid

cormponent is a nono- car boxylic, a polycarboxylic acid or

conbi nations theggof. e ?iycl? eﬁé‘ ine of "Waiffi 63 GhErefil Shid Bste istifleMylipidpahs' N

said ester is dlpentaery

29 ' est etristéarptent anoi ¢ aci d. 95. The 2-cycle engine of
claim 93 wherein said ester is trinethyl ol propane tristearate.

96. Yhe 2-cycle engine of claim93 wherein said ester is pentaerythritol

tetra 5  octagdgcenPpé 2-cycle engine of diaim 93WRerdin@éid &5tai8 Pemaafytmtas t8irl /
wherein said ester is a conplex ester of trimethyl ol propane- di ner

aci d- oct ade®enoi Sctadegenoate. 98. The 2-cycle engine of claim67
wherein said ester is a conplex ester of

tri met hyl ol propane-i sotri decanol - adi pi ¢ aci d.
97. The 2-cycle engine of claim 67 wherein said ester is a complex ester of

trimemyiolpropane-dlmer acid-octadecenoic acid.

88. The 2-cycle engine of claim 67 wherein said ester is a complex ester of
trimethylolpropane-isotridecanol-adipic acid.

10 89. The 2-cycle engine of claim 67 further comprising an additive selected
from the group consisting of extreme pressure additives, anti-foaming agents,
pour point depressants, rust or corrosion prevention agents, oxidation inhibitors,
detergent, dispersants, smoke-suppression agents, hydrocarbon diluents.

100. An ester base stock for 2 smokeless two cycle engine lubricant which is

15 the product of the process comprising mixing: (a) a first ester having a viscosity
of about 2 ¢St or less at 100°C, a flash point 200°C or less, and 20 carbon atoms
or less and; (b) a second ester having a viscosity such that said product has a
viscosity of from about 3.0 ¢St to about 20.0 ¢St at 100°C. and a smoke index
of at least 75.

20 101. The ester base stock of claim 100 wherein said first ester is isodecyl

nonanoate.

‘ 102. The ester base stock of claim 100 wherein said first ester is methyl
octadecenoate.



10 99. The 2-cycle engine of cl ai—m—@li—w_t-her_cgmisi ng an additive

sel ected fromthe group consi ext reme. pressure additi ves,
anti-foam ng agents, pour poi gl ;H’IH:'HH l“!llust or corrosion -
prevention agents,  oxidation inhibitor gent, dispersants,
smoke- Suppr esSyyyy, W hydr ocar bon di | uents. 10BcTréspeaztrer
base stock for a sno eless two cycle englne | ubricant which is 15 t he
product of the process conprising m Xxing: ga first ester having a

Vi scosity of about 2 cSt or |ess at OO[err]C a flash point
200[err] C or | ess,10andTRE efirtidetétof claim 100 Whetdif Satfirst 6bler 3 ROAGHA
ester having a viscosity such that said product has a vi scosity of

from about 3.0 cStsangnapeate. 20.0 cSt at 1 O[err]C. and a snoke i ndex
of at |east 75. 20 101. The ester base stock of claim 100 wherein said

first ester is isodecyl nonanoat e. 102. The ester base
stock of clai m 10004heThe estenbase stosk ofeclainy 100wherein ghid second ester is the dimer
oct adecenoat e. 30
103. The ester badsidegienofgiethylenegeel wherein said first ester is i sononyl
| sononanoat e. 104 The ester base stock of claim 100 wherein said
second ester is the di I d ester of diethy|ene, gl ycol 5
105. The est&? bas195st38R Qﬁteblbaﬁﬁﬁeﬁ‘ \Mﬁe?’%'ﬁh19g|‘ﬁh%'éﬂ'bﬁﬂ'de§ eand gster is

pentaerythritol t $lehfa §8 QiRlecenoate. 106. The ester base stock of
cl ai m 100 wherein’sai fmecop% ester 1s a conpl ex ester of

tri met hyl ol propane-di ner aci d-oct adecenoi ¢ aci d.
106. The ester base stock of claim 100 wherein said second ester is a complex
ester of trimethylolpropane-dimer acid-octadecenoic acid.

107. The ester base stock of claim 100 further comprising an additive selected
10 from the group consisting of extreme pressure additives, anti-foaming agents,

pour point depressants, rust or corrosion breventicn agents, oxidation inhibitors,

detergent, dispersants, smoke-suppression agents, hydrecarbon diluents.

108. An ester base stock for a smokeless two cycle engine lubricant which is
the product of the process comprising reacting a dicarboxylic acid and a diol in

15 the presence of a monocarboxylic acid or a dicarboxylic acid to form a linear
oligoester having a molecular weight of 3600 Daltons or iess.

109. The ester base stock of claim 108 wherein said ofigoester is the oligoester’
comprised of dipropylene glycol-azelaic acid-nonanoic acid.

110. The ester base stock of claim 108 wherein said oligoester is the oligoester
20 comprised of dipropylene glycol-adipic acid-nonanoic acid.

111. The ester base stock of claim 108 wherein said oligoester is the oligoester
comprised of diethylene giycol-azelaic acid-nonanoic acid.

112. - The ester base stock of claim 108 wherein said oligoester is a dimer acid
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hydrocar bon di ueﬁ'g}dsrégen atoms, a polycarboxylic acid having at least 2 carboxyl groups and a
mono-carboxylic acid wherein said polyester has a kinematic viscosity of from
10 about 3.0 ¢St to about 20.0 ¢St at 100°C., a pour point of less than about 0°C.

and, a smoke index of at least 75.

115. The ester base stock of claim 114 wherein said polyol component is a
non-hindered polyol having at least 3 OH groups and said polycarboxylic acid
having at least 2 carboxyl groups and a mono-carboxylic acid.

15 116. The ester base stock of claim 114 wherein the polyol/polycarboxylic acid
mole ratio is equal to from about 0.1/1.0 to about 4/1.

117. The ester base stock of claim 114 wherein said polyol is glycerin, said
polycarboxylic acid is adipic acid and said monocarboxylic acid is heptanoic acid.

118. The ester base stock of claim 114 further comprising an additive selected

20  from the group consisting of extreme pressure additives, anti-foaming agents,

. pour point depressants, rust or corrosion prevention agents, oxidation inhibitors,
detergent, dispersants, smoke-suppression agents, hydrocarbon diluents.

119. An ester base stock for a smokeless two cycle engine lubricant which is
the product of the process comprising reacting a non-hindered polyol having at
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10 122. The ester base stock of claim 119 wherein said complex, non-hindered
polyester is a polyester of glycerine-adipic acid-nonanoic acid/octanol in a mole
ratio of 1/2/1/2 respectively. '

123. The ester base stock of claim 119 wherein said complex, non-hindered
polyester is a polyaster of glycerine-adipic acid-heptanoic acid/hexano! in a mole
16 ratio of 1/2/1/2 respectively.

124. The ester base stock of claim 119 further comprising an additive selected
from the group consisting of extreme pressure additives, anti-foaming agents,
pour point depressants, rust or corrosion prevention agents, oxidation inhibitors,
detergent, dispersants, smoke-suppression agents, hydrocarbon diluents.

20 125. The method of claim 42 wherein said iubricant is comprised of an ester
wherein the polyol component is a hindered polyol and the carboxylic acid
component is a mono-carboxylic, a polycarboxylic acid or combinations thereof.

126. The method of claim 125 wherein said ester is dipentaerythritol ester of
pentanoic acid.
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130. The method of claim 125 wherein said ester is a complex ester of

trimethylolpropane-isotridecanol-adipic acid.

131. The method of claim 125 further comprising an additive selected from the
10 group consisting of extreme pressure additives, anti-foaming agents, pour point
depressants, rust or corrosion prevention agents, oxidation inhibitors, detergent,

dispersants, smoke-suppression agents, hydrocarbon diluents.
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{54) Title: SMOKELESS TWO-CYCLE ENGINE LUBRICANTS

(57) Abstract
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Ester base stocks for two-cycle gasoline engine lubricant compositions are disclosed which produce lower amounts of observable
smoke in the exhaust emitted 2s a result. of combastion in a two-cycle gasoline engine, require no miscibility-enhancing solvents, have a
viscosity of 3.0 ¢St to 20.0 ¢St at 100 °C ard a smoke index of at least 75, Some of the esters are biodegradable.




