2005L002 - 1 LOWASH OR ASHLESS TWO CYCLE LUBRI CATING OL WTH
REDUCED SMOKE GENERATION 5 FI ELD OF THE | NVENTI ON Thi s invention
relates to a lubricant conposition useful as a two-cycle oil. More
partlcularly t he |nvent|on relates to two-cycle oil characterized in
that it is eitP8L0%shl ess or contains a-fel atively | ow amount of
nmetal detergent, but provides an oil 10 which conplies with certain
snoke generation test standards and V|sc05|t¥ reqHBrenents for |l and
equi pnent, gasoline H | e

engi nes, noped engi nes, SNQYFP, R gRgi nes and
the Iike. 15 BACKGROUND OF \ \ ' e gasoline
engi nes now range fromsmall, |ess than 50 cc engines, to higher
per f or mance_ engj Qﬁgec The devel opment of such high
per f or mance’ engie need for new two-cycl e oi

st andards and 20 test procedures. Traditional two-cycle engines are

| ubricated by m xing the fuel and Iubrlcant and al | ow q t he niXﬁg .
conposi tion to passithiwaren i dubricerterrmPRR ey, Mpeful angitesyrapil
i nvol ve the usl@[ agﬁcfu‘?aﬁ'{)y tf‘né’ﬁ'&lver'ltmn‘?glﬁfeﬂb - Jy@l@%ﬂ%h%%t@ﬁi&ﬂﬁ tha't it is either
ei ther 25 case, e ol |l passes through the engine and i s burned
Various types mlqs;wgz cyrtdins mrblgtlvcl)ctm*pamptb‘:t@f\mtﬂ detrspent hoif PTRGEes an ol

descri bed I [ t

addi 11 ve. cbmoBits P PaEft; Sendhcthe' Befalll e aRLIHE Mg wiposic
tests to per mehuinSgent fdmbandy eigpaeg) rge&lznswuﬁempnwmyde gheimend sdobir as
fuel econony and eanronnentaI éleanllness r%ﬁﬁrred rranufacturers(i
of two-cycle offPYrYYGensines HEPREASMAYFS SE%‘V/’EP TSy e ngower engines an
viscosity and ggmke production. In many cases, these new standards
are conventionally satisfied by enploying ever-greater quantities of
expensi ve starting 2005L002 -2- materials to manufacture new and

i mproved tyo- cyglkOROUNITRRSPRIIRVBNTION e e

Two-stroke-cycle gasoline engines now range from small, less than 50 cc
engines, to higher performance engines exceeding 500 cc. The development of such
high performance engines has created the need for new two-cycle oil standards and

20 test procedures.

Traditional two-cycle engines are lubricated by mixing the fuel and lubricant
and allowing the mixed composition to pass through the engine. Newer two-cycle
engines may involve the use of direct fuel injection to reduce emissions. In either

25  case, the oil passes through the engine and is burned. Various types of two-cycle oils,
compatible with fuel, have been described in the art, Typically, such oils contain a
variety of additive components in order for the oil to pass industry standard tests to

permit use in two-cycle engines.

30 A worldwide demand for fuel economy and environmental cleanliness has
spurred manufacturers of two-cycle oils to meet increasingly severe standards for
viscosity and smoke production. In many cases, these new standards are

conventionally satisfied by employing ever-greater quantities of expensive starting



exists for alternative starting materials which neet the new
standards for fuel econony and environnental cleanliness. 5 SUMARY
OF THE I NVENTI ON The present invention is based on the discovery that
the use of highly reactive polyisobutylene polyner, solvent and

| ubricating oi POBH8&st ock in certain propd-tions wth appropriate
anmounts of two cycle lubricating oil additive packages can provide a
10 | ow ash or &wierelssotmgnuiastire nevginddmaidvedtwagyelalsile \Goseeguently, a need

properties whi I

Organi zat i on) %Eigx@ﬁo%%gmlaé&e ftﬁgt ﬁn‘léﬁh gh‘ﬁfﬂ&?g%éttl ‘38%%&%@%@ ut f?re;lue‘31
pol ynmer, al so kevowmyasd tfRifnmenwhtledntisessore term nal vinyl i dene

doubl e bonds and is manufactured by a different manufacturing

process, as conpared to conventional polyisobutylene, which is known
as PIB. Twos 15SUMVMARY OF THRUNVENTIONR- PI B are a useful and

efficient alternative to conventional two-cycle oils. In one aspect,
the invention is a |l ow ash two-cycle lubricating oil conposition
having a kinematic hegoshl voiontis bRa% by e RBRES il HolusBbr KRG ARk ve
a JASO M342 20 Snoke 1ndex of | east 85. The conposition

conprises: (a) pqler@wtﬂsn%@ymms@mm ohd Aapricdtiog ol Immt@ckun@arttm atapdrtions
polymer sel ec u n ut en

pol yi sobut yl engévetgra p%lrg%lét?%ﬂgﬁnq% & t%rkg&]? thﬁbg% gﬁ& cggééﬁbt \S?I B (C)lf)aﬁf: 3 faan fovide a
whi ch has &0 nurdne:rsha)vesflﬂge tm@bﬁﬂmbragmew&i oftsiritabdd vyﬁﬂﬁity Propefies anhd:ha:xceeds

term nal V|nyI| tent of ..l eas nol. % ba taI

number of doubl"§ Ms‘ Eipﬁ“t?’l%toma%HI$ﬁ\%ﬂ“&m&)orﬁﬁ“%aéw%bi&/?%ygmp‘“gﬁ’c‘ et €8
normal Iy Iiqui Etxgm/)drr&@@fdogazygbbutﬁi@nwpm@ﬁ@} Aéd kBOY QBTHRWIB CBofi@fis #ore
viscosity of 1 to 5 cP. at U% 1 to 5% by weight of an additive

package for twsmeel wnylidege dmdﬂ@ bo @EQOQWBUfe%F)IWQ ¥ }eiffgrenp manufacturing
synthetic oil, ;8.8 Melfphied {5 tion¥i BB isoBAS 1eRe, which is known as PIB. Two-

15 cycle oils containing HR-PIB are a useful and efficient alternative to conventional

two-cycle oils.

In one aspect, the invention is a low ash two-cycle lubricating oil composition
having a kinematic viscosity of at least 6.5 mm?*/s (cSt) at 100°C and a JASO M342

20 Smoke Index of at Jeast 85. The composition comprises:

(a) 15 to 35 % by weight of an olefinically unsaturated polymer
sclected from the group consisting of polybutene,
polyisobutylene or a mixture of polybutene and

25 polyisobutylene, which has a number average molecular weight
of 400 to 2200 and a terminal vinylidene content of at least 60
mol % based on the total number of double bonds in the
polymer;

(b) 20 to 30 % by weight of a normally liquid hydrocarbon or

30 mineral oil solvent, which has a viscosity of 1 to 5 ¢P. at 25°C;

(c) 1 to 5% by weight of an additive package for two cycle oils;

and



viscosity of 4 tol5 m2/s (cSt) at 100C. In another aspect, the
invention is an ashless two-cycle lubricating oil 5 conposition
haviing a kinematic viscosity of at least 6.5 m2/s (cSt) at 100C and
a JASO MB42 %@%Eﬁglndex of at |east 85. The conposition conprises:
(a) 6 to 12 % i ght of a reactive polybutene polyner being a

pol ybut ene, pol yi sobutlene or a m xture of pagl ybutenes and .10, .

pol yi sobut yl enes havi ng%@ nuﬁﬁ%‘?créﬁgtr SELeHB 0 cﬁf ﬁrm\?\‘/&rﬁﬁ eTeR Wht§higs 2
2200 and having at |east 60 0Riosiy doMR16 rhRdesa e toerail nal

vinylidene; (b) 18 to 30 % by weight of a normally liquid hydrocarbon

or mneral oil solvent having a viscosity of 1 to 5 cP. at 25C 15

(c) 14 to 25% by i tal-{ addi L1\ C f : .
cycle oils; and (\(;\3% ?%gthgglag%%g gl%n%nﬁgﬁlgﬁ grgdsyaﬁ}fzﬁﬁt thgg ﬁflco '%%Mé““g oil
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20 DESCRI PTI ON PREFE D EMBQDI NT THE | NVENTI ON Hi ghl
reactive pol yﬂ@génlg?’ﬁ%ﬁggg? Is“%ﬁ%"’é&%&‘f@eﬁ? 8?"8quét?”tc8“’é’§’S®SHR9 Pl é")

useful in this invention include polybutylenes, polyisobutylenes, or
m xtures thereof, of M 400 to 2200, preferably about 800 to 1500,
such as about 1000, whi &h habdoal2% thgrweigkll of R righqtiye neol Yoang npol yhergpeing a

| east 60 mol 9% Dbased on the 5]9[5@&1: mg%w%ma%&g& abg'é}?ﬁrrn%-rrgle polybutenes and

term nal vinylidene content P preq‘e’er y at ast 7
preferabl yilat |east 80% nopdlyipoletdergblhgviag al rmader 8&¥ogeThelefwinl weigitgpf 400

i ssued patents are incorporat b ference in. their, entire and .
specifically for their teach%ngg]roeééd; E?Vr%g 4 eﬁﬁf%imi%ggoﬁb%cé%gs fa§ pterminal

hi ghly reactive polyisobutyl engidebk;S. Pat. Nos. 4,152,499; 30
5,962, 604, 6,562,913, 6,683,138 and 6,710,140, HR-PIB is comrercially
available under the trtde nbhéd 38 PINopsiRIRP! #iosRriBaGaYiddphgrocarbon or

U travis[R] (from BP- AT0CO) , i RRRBA sOll M hasifh'h G88usitd P PIIDRe -afasec,

! ftf%Pf
Sol vents useful in the present Invention are normalTy [iquid natural
or 15 (c) 14 to 25% by weight of a metal-free additive package for two

cycle oils; and
(d) the balance a mineral or synthetic oil, or a mixture thereof,

having a viscosity of 4 to15 mm?/s (cSt) at 100°C.
20 DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

Highly reactive polybutene polymers (hereinafter referred to as “HR-PIB™)

useful in this invention include polybutylenes, polyisobutylenes, or mixtures thereof,

of Mn 400 to 2200, preferably about 800 to 1500, such as about 1000, which have a

25  terminal vinylidene content of at least 60 mol %, based on the total mols of double
bonds. The terminal vinylidene content is preferably at least 70%, more preferably at

least 80%, most preferably at least 85%. The following issued patents are
incorporated by reference in their entirety and specifically for their teaching regarding
manufacturing process for highly reactive polyisobutylene: U.S. Pat. Nos. 4,152,499;

30 5,962,604, 6,562,913, 6,683,138 and 6,710,140. HR-PIB is commercially available
under the trade names Glissopal[R] (from BASF) and Ultravis[R] (from BP-Amoco),

among other sources.



synt heti c hydrocarbon or mneral oil solvents having a viscosity of 1
to 5, preferably 1.2 to 2 cP. at 25C. The solvent should have a
flash point in the range of about 60- 120C such that the flash point
of the two- cycle oil of this invention is greater than 5 70C. Typi cal
exanpl es incl ut?®9% affinic, isoparaffiniréd-and naphthenic aliphatic
hydr ocar bon or mneral oil sol vents. The sol vent may contain
functional groups oYMt LpedW & o Rress waﬁ@gewepﬁ@ma&édh@u@;wamml or

groups do not Qeliers ﬁi/dfo@dcrﬁcﬁ\cér r{?i‘ﬁEIfaP&MGt%ts PJVergEheVIEé’&ltﬁﬁf: Y S breferably

Preferred are mneral " oils sold as "Exxsol Exxo
Chemi cal Conpah{ taRdP: Sr?éPCEsEFhe By eent siohudd baye Shiddsh p@hn&m malrmgeb(ﬂ alde 60-

i nvention may tion C rise a third onent 1-5%for |ow
ash oils and 1]32%2{%[9”?}1) a%léﬁ fg‘g}g Pt %fa?‘ﬁé‘ffﬂ Clﬁ}e\ﬂlj ngti”s Iyfention 5%%?%“?”5“
package whigh 7geent ‘ﬁ*%ﬂéal@lﬁmﬁl‘és IRl CORMBRE] 88 atfgﬁﬁl £ h&phthenic | fliphatic

| ubricating oil additives d these may be t1ve ‘normal
included in sdmlrdcaﬂlon@ammgal@l |sglvEuts. 'ﬁhqamhtentmhﬁcorpmn;ﬁmeonal kfupoother

theashlessp thr wi || e y t addi
Convent | onal " a0a firbet AR eesh ol BR I mBleie e Mitshhahy St prreince
invention i nodfubietvﬁﬂwctl&babnPIBfe:hthBﬁeQﬁmeraDoﬁlstatd BM'BxR{Y] WB0ObY ExxonMobil
friction nodifjers, djspersant, N ents, antiwear

agents, pour p eﬁ‘fmdglﬁ §’§%1?ﬂds§hﬁ15f’g}{)7@ E;rbd%rhﬂg Chefqalsso i nhi bitors,
lubricity mgents, and the like. Al percentages are by weight on an
active ingredient basis. A preferred |ow ash additive package
conprises (i) pol yikedutcangr mayrddigonallysoopripy o &gl serponent 1Mo Je0lpw

succl ni m de or,.aaal BRY 19bkasel As RSB BF wellht @9BNaBR. SANLAL NG

| ubri cating oi I spersant present in't
preferably 1-3oweaimongdios p@r@wentwnaihyolaydmhdatcmm ai hddmeks( arid)thése may

net al phenate,_ sulf te ar gal ¢ te o sol ubl e, det e

nad ti ve. hi oty RORNE emy St el ulh e S R Pt aaRpse.
met al det arSgerflor dfe afkies|pabiage, thereell b2EGertially 86 metallicegidivet.n t he
anount of 0.1-2 w.% preferably 0.2-1 wt.% netal detergent
additive in the lubricating oil. The 30 netal is preferably cal cium

barium or nagnesi UonNaldbhal adgived wt}%aiddﬁ%g}aa&g@rcempeﬁ&t 8f FedindBflion
may be present in amounts of about 0.5 to wt. % in the lubricating
oil. include corrosion inhibitors, oxidation inhibitors, friction modifiers, dispersants,
antifoamning agents, antiwear agents, pour point depressants, metal detergents, rust

20  inhibitors, lubricity agents, and the like. All percentages are by weight on an active

ingredient basis.

A preferred low ash additive package comprises (i) polyisobutenyl (Mn 400-

2500, preferably about Mn 950) succinimide or another oil soluble, acylated, nitrogen

25  containing lubricating oil dispersant present in the amount of 0.2-5 wt.%, preferably
1-3 wt.%. dispersant in the lubricating oil and (ii) a metal phenate, sulfonate or
salicylate oil soluble detergent additive. This detergent is a neutral metal detergent or
overbased metal detergent of Total Base Number 200 or less, present in the amount of

0.1-2 wt.%, preferably 0.2-1 wt.%. metal detergent additive in the lubricating oil. The

30  metal is preferably calcium, barium or magnesium. Neutral calcium salicylates are
preferred and may be present in amounts of about 0.5 to 1.5 wt.% in the lubricating

oil.



2005L002 -5 A preferred ashl ess additive package conprises an ashl ess
| ubricating oil dispersant in the oil, in the range of about 5.5 to
17 wt. % preferably 9 to 15 w.% and one or nore of the ashless

di spersants as_di %I osed bel ow may be used. 5 Dispersants useful in
the present i r‘?\%sﬁﬁq on include nitrogen-cohtaining, ashless

di spersants known t,o be effective far reducing formation,of deposits.
ipoh use 1 gasol Pr@EIeEPgFOLSt S aRkEeh AR BN e, o
oi I's. These asiypesgnt iflitp@r, satcSrah@ve aBButdd.5 1607 whl B, pefeyimey beo 19RY.%,
chai n backbone having functional groups capable of associating with
particles to Headanspapeed! theyrshlesyidispersayiy %?éESCH}W‘iHBe"N AYASHSE: or

am de polar noieties are attached to the polyner backbone, often via

a bridging group. bl esfy SRR MBYerl®n {RludeXABbEcontaini
sel ected frgomthe E}%SE)S consﬁsti;nng 0 &g‘ﬁt sol u@fle sal ts, egtecrog,tmnmg’
am no- est ers, asnewelispersatslkgovent wxlzaiviedesreddcing ogatednadfndeposits upon use

hydr ocar bon- subst i t ut ed no- and pol ycar ylic . acids or a dri
Chereor. thi ochraseslt et e BreBo vt RO e TG, Bllir DI s
chai n al i phat idgspdisariy daac ai NS lltay ipslgmpat Yaiy cieinbahdibons hatihgdhetonal

directly thereto; and Manni ch  condensati on product ornmed by ,

condensi ng a |E5HHS ETP&PW Ogﬁﬁé’fl?'t”lﬁ‘éﬂh PHEAB Eoﬁeﬂﬁperﬁﬁfiré?%%‘ﬁyﬁ%aﬁ&m“e'
pol yal kyl gpe RRLYANGBnidPpblk SR hRNBr BRI FENE phlyaler BaYKkHRRe, &lfith Ay £ 4
for maki ng di spersants are 20 generally based on a hydrocarbon chain

of from about badging grogp0dhaashiess slispaeanh guy bef lor examlpgelected from the group
pol yi sobut yl egg s?srtiﬁ Qﬁ"gll'sSh)Sle%Q?%stegpﬁﬁha%%}syLuﬁ{@i@s,(fﬁlﬂieg(?l iloxazoiines of
%yé g (e.g. chlo g,termary

functionali ze |'ogenatin rinatin
reacting via tling ¢haer hdrocatieamesubstéated innmo- end ppylytarbexyliadicodsl organdifdrideg

using a catalyst (for exanmnle,, per.oxi s. described pel ow. 25 The

Functi onari sedforsy SiogiBrEaE s BB Sbne SRain BEROHLERE, REs iy 2nhe

be derivasi z@gdretdrborRyklvingy polgamine nelsiesesC Bit@Redrdiredilyd tHeget@nghd Mannich

pol yhydric al cohols, or wth ar %gati C cor,rpouqu such as phenal s and
dripEredaby

napht hol s. Pr EPXIEPEHODEFSFYG GRS R | DREe Tk Y RSHBIG Bheaplswith
whi ch the al kydgagieh @l mabolam @h@ﬁol?arnqm_z to 8 30 carbon atons.

Q her useful polyhydric alcdéhols include glycerol, nono-ol eate of
Polyisobutylene polymers that may be employed for making dispersants are
20  generally based on a hydrocarbon chain of from about 400 to 3000 daltons. Methods
for making polyisobutylene are publicly known.  Polyisobutylene can be
functionalized by halogenating (e.g. chlorinating), thermally reacting via the thermal
“ene" reaction, or by free radical grafting using a catalyst (for example, peroxide), as
described below.
25
The functionalized, oil-soluble polymeric hydrocarbon backbones may also be
derivatized with hydroxy compounds such as monohydric and polyhydric alcohols, or
with aromatic compounds such as phenols and naphthols. Preferred polyhydric
alcohols include alkylene glycols in which the alkylene radical contains from 2 to 8
30  carbon atoms. Other useful polyhydric alcohols include glycerol, mono-oleate of
glycerol, monostearate of glycerol, monomethyl ether of glycerol, pentaerythritol,
dipentaerythritol, and mixtures thereof. An ester dispersant may also be derived from

unsaturated alcohols, such as allyl alcohol, cinnamyl alcohol, propargyl alcohol, 1-



gl ycerol, nonostearate of glycerol, nononethyl ether of glycerol
pentaerythritol, dipentaerythritol, and m xtures thereof. An ester

di spersant may al so be derived from unsaturated al cohols, such as

al Iyl al cohol, cinnamnyl alcohol, propargyl alcohol, 1 2005L002 - 6
cycl ohexane- 3-#P5L0&nd ol eyl al cohol. Stilé6-other classes of al cohols
capable of yielding ashless di spersants include ether-al cohols,

i ncl udi ng oxy-atkhtene3aid amk)pleyaraimbaie STiHestbere theses a:lfcaih@iots nmﬂblc of

i ncorporate up yzal kyl ene r ._whi,ch K
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ma%/ bef di OIest edrflefd. thés_élddﬂha?—a&@hds iy 1asmrpbretsltu|;f ®, l?ucatyf @Byga&r tadmblsyin
esterified succinic acids esterifje _

pol yhydric al c8eh g‘ecﬁlkyﬁ‘ﬁ@rfé‘i?ga] CQEFéPi'S gré’gbg g ag{’ﬂ‘é\? fony- f%é5§r gisRespants
or phenol i ¢ hyﬂﬁpﬁé/mﬂ&%@@f &ccﬁﬂ: Rk 168HSBRES 8ith azepanmﬂF e@t‘éﬁﬁé’d a@cﬂme
any one of several known nethods as described, for exa in

Pat ent No. 3, %msoaszwelicas@amaé!wﬁﬁe@ae%mléwny ai¢ohaiSs@fem@aﬂ1@ssuch a's esters

th
of W 400- 2200 V58 AL PRI or gl Seror AL S ARCHI BN e

prepared by r eaeparaugbya ampobye sbknybmhyhomunmtmds aadh\%cdbu:dde”oxacvchrrmin in U.S.

al kyl ene poI Y, S triethlyene tetram ne or tetraethyl ene
pent ani ne. %ﬁ%’fﬁ&y%&a@ of high nol ecul ar wei ght ashl ess

dispersantﬁ)conprlses Manni ch base condensati on products. Cenerally,
t hese products are prepared by caondensing about one nole of a | ong

chai n al kyl - subst i thPEFTRITECERY PAHPRFHITS KYMPERER HenBICrinipoes Ry fbe E‘gf“d
2.5 mol es of Cr@ééﬁ@@}%lyf%@ﬁﬁ?l’éﬁ%(oﬂwr(iﬁﬂzﬁéaﬁWegcnb%@ aﬁwenﬁ*h@!@émﬂﬁrsam@ are

par af or mal dehyde) anhd”abou 5 to 2 noles of polyalkyl ene
pol yam ne, as wipisylyoprepared by reacHndp @olyisebWemy] spegivintanNyirids, and anggiylene

Such Manni ch r@@%ﬁ&%@ﬁ@?% 'EnQEegrg gfe%r%)éeﬂh féhé‘ﬂ&tﬁmﬂ@' ynmer

product of a ocene yze ynerlza I'on Substi t uent
on t he beniene group, or nay be reacted with a conpound contalnlng

SHeh 3, POIVTET SUnsl Lt e P SHECHILE 2D, 5B Rl E s
Mannich base condensation products. Generally, these products are prepared by
condensing about one mole of a long chain alkyl-substituted mono- or polyhydroxy
benzene with about 1 to 2.5 moles of carbonyl compound(s) (for example,

20  formaldehyde and paraformaldehyde) and about 0.5 to 2 moles of polyalkylene
polyamine, as disclosed, for example, in U.S. Patent No. 3,442,808. Such Mannich
base condensation products may include a polymer product of a metallocene
catalyzed polymerization as a substituent on the benzene group, or may be reacted
with a compound containing such a polymer substituted on a succinic anhydride in a

25  manner similar to that described in U.S. Patent No. 3,442,808,

Corrosion inhibitors may be present in the oil in amounts of 0.01-3 wt.%,
preferably 0.01-1.5 wt.%, and are illustrated by phosphosulfurized hydrocarbons and
the products obtained by reacting a phosphosulfurized hydrocarbon with an alkaline

30  earth metal oxide or hydroxide.

Oxidation inhibitors may be present in the oil in amounts of 0.01-5 wt.%,

preferably 0.01-1.5 wt.%. Suitable oxidation inhibitors include alkaline earth metal



Corrosion inhibitors may be present in the oil in anounts of 0.01-3
w.% preferably 0.01-1.5 w.% and are illustrated by
phosphosul furi zed hydrocarbons and the products obtained by reacting
a phosphosulfurlzed hydrocarbon with an alkaline 30 earth netal

oxi de or hydrd@?%@o Cxldatlon i nhibitors- ﬁay be present in the oil in

anounts of 0.01-5 preferably 0,01-1, % _Sui table OX|dat|on
i nhibitors i ncﬂaﬁﬁié’faﬂlhé’él?hcﬁ%l WigestRrsHRAvine E’@E?S‘Lbébé:? 72 o Sidgr chain such as

al kyl phenol ”Ha%ﬁﬁ %@1&%\&@&1@&@5&&@@k%ct%hs}.o? sati ylanalod@ctﬁbﬁanmdﬁme@

as caIC|un1ngh{ phen , bariumt-octyl phenol sul e, and
di oct yl pheny| atispagcluded aig whepwh@dméﬂﬁzﬁlPr§@Pﬂ$P%ﬂ@ﬁﬂﬂth®@ﬂMbww and

Cuoh s copper Raratt pogh (eRoIE, sf LIOpATIEBPES) P EIPRLSIRe fary

such as copper sa (REH

Friction nddi facglss may be present in the oil in amunts of 0.01-3
w.% preferably 0.01-1.5 wt.% and include fatty acid esters and
am des, glycerol esters of dinerized fatty acids and succi nate

esters or netal salfrgtibheicfiers HhyPodlbrep&itth e RilemSs anbsnts f SO KHOWT,
as lube oil flow inprovers, may be .included in the oil in anounts of

0.01-2 wt. % mr@fpy@p 91 ~b. 50’11;.%_ :gldeclg,gc fggytaggpéterswgralrb@ﬁsnglycerol esters of
depressants ar Eﬁzeg fﬁtfé’m% afkd glll(,%lnlﬁbél estel R Ak thsQB{érc&CGt ate

copol yners, are preferred, polynmethacrylates and wax
napht hal eneé. 15 Foam control can al so be prOV|ded by an anti - f oamant

Of Lo pol ysi | oxangby B GRS bl 0BGa0K 1 AU BN, may e

sil oxane; acryl ate po re a 50 S hese are
oi | i n anount Sndbded. @1th oiitin %mopns fof rlel-3 vo. %llprdfcﬁbwto 04 - 120 WA i Smale

agents reduce wear of netal rt nd r p ative na erials are
20ne. i ol Kyt cie BbeARemend e -G g P BERRD LBt hh 6t fold Faer
i sobutyl ene. Jmﬁﬁﬁ'c?mﬁer% b plethfcra@s @md whinpApdRhe of 0.01-5 wt. %
Lubricity agents use inthis invention include a wide variety of

oil solubll® 25 materials. Generally, they are used in the oil in an
amount of 1-20 W . YBymRbREQAPANo fe provided by an anti-foamant of the polysiloxane type

such as silicone oil and polydimethyl siloxane; acrylate polymers are also suitable,

These are used in the oil in amounts of 0.01-5 wt.%, preferably 0.01-1.5 wt.%.

20 Anti-wear agents reduce wear of metal parts and representative materials are
zinc dialkyldithiophosphate, zinc diaryl diphosphate, and sulfurized isobutylene,

These may be used in the oil in amounts of 0.01-5 wt.%.

Lubricity agents useful in this invention include a wide variety of oil soluble

25 materials. Generally, they are used in the oil in an amount of 1-20 wt.%, preferably 1-
7% by weight. Lubricity agents include polyol ethers and polyol esters, such as
polyol esters of Cs-C s monocarboxylic acids, particularly pentaerythritol trimethylol
propane and neopentyl glycol synlube esters of these acids, wherein the ester has a
viscosity of at least 9 mm?%/s (cSt) at 100°C, natural oils such as bright stock, which is

30  preferred, and is the highly viscous mineral oil fraction derived from the distillation
residues formed as a result of the preparation of lubricating oil fractions from

petroleum.



7% by weight. Lubricity agents include polyol ethers and polyol
esters, such as polyol esters of C5-C, 5 nonocarboxylic acids,
particul.arly pentaerythritol trinmethylol propane and neopentyl

gl ycol synlube esters of these acids, wherein the ester has a
viscosity of #P%Fg8st 9 mP/s (cSt) at 10OC, natural oils such as
bright stock, which is 30 preferred, and is the highly viscous )
mneral oil fracti &ibdetingetPrinositorhef dihst invertiqromormasi dudader ap neill of
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normal |y i ncl U88°Gno pidvidsfa finithed ¢aticnge vil fedsg & KV trhtie rirge of 6.5-14 mm?/s
vi scosity of about}ﬁ-; , preferably 12-15 nmmR/s (cSt) at 100C, to
provi de a finilHe <cycle oil having a KV in the range of 6.5-14
m2/s (cSk) at 100C. 5 These oils of lubricating viscosity can be
natural or synthetic oils. Mxtures of such oils are also often
useful . Bl ends of dhtss oitapf Wibgenting vissesity sen borrgurakortshiathétiqeils. Mixtures of
viscosity of t e j - / s ' l..0j
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| ubricating oils of the paraffinic, naphthenic or m xed

par af fi ni c-naphthenic types. Qls of lubricating viscosity derived

from coal jgr shal enghfaabiBOintisgs Whink@sSRbALdSg AR, MMULNSE! Sreferred, such as
| ubricating oils include hydrocarbon oils such as polynerized and
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m xtures 20 tiseosityfdedved fronpradbr shaktdneslscuspil paseroilei | s. Met hods of
preparing these polyner oils are well known to those skilled in the
art, as is shown for exanple by U S. Patent Nos. 2,278, 445;

2,301, 052;152, 318, 7$Pnthetic3dBrichlidg ods Ithude Miroamor ofi2 qudkdad. pN kxR Qnd
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groups have ihe derivatives, analogs and homologs thereof,

Oils made by polymerizing olefins of less than 5 carbon atoms and mixtures

20  thereof are typical synthetic polymer oils. Methods of preparing these polymer oils

are well known to those skilled in the art, as is shown for example by U.S. Patent Nos.
2,278,445 2,301,052; 2,318,719, 2,329,714; 2,345,574; and 2,422,443,

Alkylene oxide polymers (such as, for example, homopolymers,

25  interpolymers, and derivatives thereof in which the terminal hydroxyl groups have
been modified by esterification, etherification, etc.) constitute a preferred class of
known synthetic lubricating oils for the purpose of this invention, especially for use in
combination with alkanol fuels. They are exemplified by the oils prepared through
polymerization of ethylene oxide or propylene oxide, the alkyl and aryl ethers of these

30 polyoxyalkylene polymers (e.g., methyl polypropylene glycol ether having an average
molecular weight of 1000, diphenyl ether of polyethylene glycol having a molecular
weight of 500-1000, diethyl ether of polypropylene glycol having a molecular weight

of 1000-1500, etc.) or mono- and polycarboxylic esters thereof, for example, the



been nodified by esterification, etherification, etc.) constitute a
preferred class of known synthetic lubricating oils for the purpose
of this-:invention, especially for use in conbination wth al kanol

fuels. They araﬁg&ﬁnpllfled by the oils pyepared through
polynerizatio 6t hyl ene oxi de or propyl ene oxide, the aIkyI and
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al cohol , 2 eth hexyl cohol | ene gl ycol, diethylene 10
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i ncl ude d' OCtchJcty"Fdéd?ﬁ’ét@ afe edyRky] sE@iéé[tE) %ﬁﬁ%i‘ﬁ!}efurﬂhrat@ Qﬁ‘dﬁf{)l'l sebacate,

fumarate, dioctyl” sebacate, diisooctyl azelate, diisod ecg azel at e,
di octyl pht halditeectyl pgrwig:| dlﬁﬁflfwal agedate, dil@tﬁd%yhaiat@ebé@at ef th@lw@ dieicosy]
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by reacting one les © etrae
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ot er s usdpul lesdy ARl &G PRLMY 45 Fed iy S Rk Ekls et
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neopentyl glycol, 20 trinmethylol propane, pentaerythritol,
dipentaerythritol tripentaerythritol, etc. Unrefined, refined and

rerefined oils, eifbher Rakral s ney ilehk I(aédwgJ Aade TS UEES Ctg
two or nore of any o%r ﬁgse ?ﬁiﬁe type &?éclogé Oh%ré}ﬁarove %a% &
monocarboxylic a01ds and polyols and polyol ethers such as neopentyl glycol,

20  trimethylol propane, pentaerythritol, dipentaerythritol, tripentaerythritol, etc.

Unrefined, refined and rerefined oils, either natural or synthetic (as well as
mixtures of two or more of any of these) of the type disclosed hereinabove can be
used in the lubricant compositions of the present invention. Unrefined oils are those

25  obtained directly from a natural or synthetic source without further purification
treatment. For example, a shale oil obtained directly from retorting operations, a
petroleum oil obtained directly from primary distillation or an ester oil obtained
directly from an esterification process and used without further treatment would be an
unrefined oil. Refined oils are similar to the unrefined oils except they have been

30  further treated in one or more purification steps to improve one or more properties,
Many such purification techniques are known to those of skill in the art such as
solvent extraction, secondary distillation, acid or base extraction, filtration,

percolation, etc. Rerefined oils are obtained by processes similar to those used to



used in the lubricant conpositions of the present invention.
Unrefined oils are those 25 obtained directly froma natural or
syntheti-c source without further purification treatnent. For
exanple, a sh%)og (gj'%l obtained directly frrlrﬁm retorting operations, a
petrol eum oi | {8 ned di rectly fromprimafy distillation or an ester

oi | obtai ned irectly, froman,esterifjcation, process and used .
O thout - F ur s nepi Bhipdb ol WhER SH S alriib Bf BLSERRS S e pits o
are simlar talsbhaownneticifedbt fpreRed oty dfaverdedhiti Gl widddaed by
treated in one or nore purification stggfﬁf_{to ir&;ﬁr,ove one or nore

properties. MeRyiausscirepad (5 eERY3l O sreg G andi bRAsR N PE 4R Ese of

skill in the art such as solvent extraction, secondary distillation,
acid or base extraction, filtration, percolation, etc. Rerefined
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Lead-free gasgdrifitariysprefeaed.i cul arly preferred.
20
The lubricants of this invention are used in admixture with fuels in amounts of
about 20 to 250 parts by weight of fuel per 1 part by weight of lubricating oil, more
typically about 30-100 parts by weight of fuel per 1 part by weight of oil.

25 The invention is further illustrated by the following examples which are
presented to better communicate the invention and not to limit the scope of the

invention in any way. Percentages are by weight.

Example

30
An oil of the invention containing reactive HR-PIB, designated “Invention™ in

the Table below, and a conventional oil containing conventional polyisobutylene,

designated “Conventional” in the Table below, were evaluated in accordance with



20 The lubricants of this invention are used in adm xture with fuels
in amounts of about 20 to 250 parts by weight of fuel per 1 part by
wei ght of lubricating oil, nore typically about 30-100 parts by
wei ght of fuel per 1 part by weight of oil. 25 The invention is
further iIIustzP(g{”@a by the follow ng exaﬁrbres which are presented to

better conmuni i nvention limt_ th cope of the |
i nvention in 43355955‘?56 @é‘rﬂf%??fiﬁrﬁééggﬁgé‘qg‘{?’ \E}@I‘% 34@%W3ed’%' 'glﬁfsﬁﬁr‘acﬁ"gme
of the inventiiQi &eBLH:AIHIAhE BBGEINE AlRoRbRie HRSh@RAbEHpal SAH) i tNtwo-
in the Table below, and a conventional oil containing conventional
pol yi sobut yl ef¥cle gawiing apgiar ollody eitlitbinhl 1994 notishgsed 4p rwotsesle ngings: e
evaluated in r e W 5 - Mot &S r
JASO MB40, I\/B%?[ﬁgl\llg% a‘ﬁ%%ﬂ%‘?‘%ﬁgﬁheﬁﬁ%ﬁgt ians S5 bnBLAeE Uy 8
by the Socbet yamh AtgroshokeiSvanderg Chganizitiof (JA&0an JAISARDlifhed thanASEyBKHE

| i i ils. As.of,July 1. 1994 . 0j in two-gycl
e e ar e BerdtnaiRucol el ul e iR, HECH Akt KL e
as announced lpy at Rether Jeqddicafoi ok | rbhilandso ds13@ gadiérgadcly ost( JAREIr)

JASO publ i shed the JASO M345 standards in April, 1994 and updated
them in 2004. Prasegyrodn ahibnids test ds g for & botee  This i3 4 mors,gingent standard

modi fi cation QfiodidierNHNcoghe irﬁé@a&&f&ﬂo?gahﬁ%@&%y skfirthrdizhtiBOU IFC was the

procedure in which the test 1s run for 3 hours. This is a nore

stri ngent 18t ahitghesd perieropneistandardsor (hehASGh VB A atandards popgiarthe bpdatn The
for Standardi I, 0N )rena EC wihe .Ni ghe r standard ., .
for the JASO lgtzg%g[r%tgx\%ﬁi%]? ?%sg{fﬁét%&lp aag%%ﬁil'goewd%@gt eﬁﬁsﬂgzogérﬂs
created an " FEtind as prebéntalt in oire, Tabiralebyous t o | SO EGD. Results of this
testing are presented in the Table below. TABLE 15 Mass % I nventi on
Conventional Low ash additive package 2.25 2.25

TABLE

15
Mass % Invention | Conventional
Low ash additive package 2.25 2.25
PIB (Polyisobutylene, Mn 950) 0 25.00
HR-PIB (Glissopal 1000, Mn 1000) 25.00 0
Aliphatic solvent (Shellsol D70) 25.00 25.00
Mineral oil (Shell HVI 160B) 47.50 47.50
Results
Kinematic viscosity @ 100°C, ¢St (JASQ > 6.5) 7.25 7.30
M342 Smoke Index (JASO FD/FC/ISO-EGD > 85) 89 88

Inspection of the data in Table reveals that the viscosity and smoke index
performance of a low ash two-cycle oil containing HR-PIB are practically identical to
those of a conventional low ash two-stroke oil containing a corresponding amount of

20  PIB. Accordingly, the data demonstrates that HR-PIB is a useful alternative to PIB

for formulating and manufacturing low ash two-stroke oils.



Pl E (Pol yi sobutyl ene, Wnh 950) 0 25.00 HR-PIB (dissopal 1000, M
1000) 25.00 0 Aliphatic solvent (Shellsol D70) 25.00 25.00 M neral
oil .(Shell HVI 160B) 47.50 47.50 Results Kinematic viscosity @ 100C,
cSt (JASO > 6.5) 7.25 7.30 M342 Snoke I ndex (JASO FD FC/ | SO EGD >
85) 89 88 Inspection of the data in Tablé-reveals that the viscosity
and snoke i ndex ;}erfor mance of a | ow ash two-cycle oil containing
HR-PI B are per y identical to those of a conventional |ow ash
two-stroke oil containing a correspondi ng anount of 20 PIB.

Accordi ngly, the data denonstrates that HR-PIB is a useful

al ternative té. Pl BA lfwrash dreraycde lubgcating offenompasition hawing awkingsiatic viscosity

conpost £1on. nauiERE68 MaAs o 1haGrfy ARSIRR Sofors i ey
at 100C and awdibQoMBdsdiiGmdamriseidex of at |east 85, which

conposition conprises: (a) 15 to 35 % by weight of an olefinically
unsat urated polyner selected fromthe group consisting of

pol ybut ene, pol yi sgbut ylpes g, & Fhightsan QbRediyaHtata AN lected
pol yi sobut yl ene, ?ch has a rfu%berléaver gge Irmlpgcul ar \E\/eirksg%h){m%fscfg%

to 2200 and a terminal fomyhd grevecaoistieno! prlybusene] palyisoB0ylens! orog mixture

based on the total nunb oubl e, honds.i.n, the | yner : 20 to
30 % by wei ght of a nor%a @&blﬁ?nqeu%d ﬁ%@r‘%gtétpl%ﬁ (V)VP {%ﬁi Kaesr al n%?b%er average
sol vent, which has a vimclesiliyyw@ghtldf @08 € P200adnd2b@ErminbiCyinllideae bomt&Y of

wei ght of an additive package fo cycle oils; ndog%am'neral
or synthetic oil, or a %ﬁ?&ggg‘%nﬁigé’%‘? %ﬁ’@ﬁoﬁgguﬁb% uble poggs ingthe
told mmZ/s (cSt) at 10Q%Glyer; An ashl ess two-cycle lubricating oil
conposi tion having a kinematic viscosity

(b) 20 to 30 % by weight of 'a normally liquid hydrocarbon or mineral oil

solvent, which has a viscosity of 1 to 5 cP. at 25°C
() 1 to 5% by weight of an additive package for two cycle oils; and
(d) a mineral or synthetic oil, or a mixture thereof, which has a viscosity of

4 to15 mm?s (cSt) at 100°C.

2. An ashless two-cycle lubricating oil composition having a kinematic viscosity
of at least 6.5 mm?¥s (cSt) at 100°C and a JASO M342 Smoke Index of at least 85,

which composition comprises:

(@)  6to 12% by weight of an olefinically unsaturated polymer selected from the
group consisting of polybutene, polyisobutylene or a mixture of polybutene
and polyisobutylene, which has a number average molecular weight of 400 to
2200 and a terminal vinylidene content of at least 60 mol %, based on the
total number of double bonds in the polymer;

(b) 18 to 30 % by weight of a normally liquid hydrocarbon or mineral oil
solvent, which has a viscosity of 1 to 5 cP. at 25°C ;

(c) 14 to 25% by weight of an metal-free additive package for two cycle
oils; and

(d) a mineral or synthetic oil, or a mixture thereof, which has a viscosity of

4 t015 mm?%s (cSt) at 100°C.



of at least 6.5 mR/s (cSt) at 100C and a JASO M342 Snoke I ndex of at
| east 85, which conposition conprises: (a) 6 to 12% by wei ght of an
ol efinically unsaturated polyner selected fromthe group consisting
of pol ybut ene, polyisobutylene or a m xture of polybutene and

pol yi sobutyl ene, which has a nunber average nol ecul ar wei ght of 400
to 2200 and a term nal vinylidene content of at |east 60 nol %
based on the total nunber of double bonds in the polyner; (b) 18 to
30 % by wei ghg. of Ehet@kdpkitiyn bf daind] ByZvB&aInRN et vBipBBbalen®hds an Mn of
solvent, which has _a viscosity of 1 to 5 cP. at 25C; (c) 14 to 25%
by wei ght of 80 ®ef8}--free additive. package for two cycle oils; and
(d) a mneral or synthetic oil, or a mxture thereof, which has a
viscosity of 4 tol5 m/s (cSt) at 100C. 13- 3. The conposition of
claim1 or 2 fher efhe aohwpositiar bf aldmpbdryhwheeio theawlent Ms aofisco860oft Io2 to 2
1500. 4. The ﬁpnpgﬁkgion of claim1l or 2 wherein the solvent has a

vi scosity of 210 cP. at 25C. 5. The conposition of claim1l or 2
wherein the mneral or synthetic oil or mxture thereof has a

viscosity of 12 tol5 m2/s (cSt) at 100C, _
5. The composition of claim 1 or 2 wherein the mineral or synthetic oil or

mixture thereof has a viscosity of 12 tol5 mm/s (cSt) at 100°C.



