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Due to oxidation problems with natural tniglycerides, most commercial lubricants
are formulated from petroleum distillates which have lower amounts of unsaturation
making them resistant to oxidation. Petroleum distillates require additives to reduce wear
and oxidation, lower the pour point and modify the viscosity index (to adjust either the

725 high or low temperature viscosity) etc. The petroleum distillates are resistant™to
biodegradation and the additives used to adjust certain characteristics (often containing
metals and reactive compounds) further detract from the biodegradability of the spent
lubricant.

Synthetic ester lubricants having little or no unsaturation in the carbon to carbon

30  bonds are used in premium quality motor oils due to their desirable properties. However
the acids and alcohols used to make synthetic esters usually are derived from petroleum
distillates and are thus not from a renewable source. Synthetic lubricants are also more

costly and less biodegradable than natural triglycerides.
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index of less than about 12; high temperature TEOST (thermo-oxidative engine oil

simulation) of total deposits of 45 mg maximum; remain homogeneous and miscible
when mixed with SAE reference mineral oils; low volatility; phosphorous level of 0.1%
maximum; and has to pass foam, filterability and ball rust test. -

25 Therefore, there is a need for a vegetable oil-based lubricant that can be used as
internal combustion engine oils of varying SAE viscosities that meet the current GF-
3/API SL specifications and are at least about 60% biodegradable.

SUMMARY OF THE INVENTION
The above need is met by various embodiments of the invention. In some

30 embodiments, an environmentally f{riendly lubricant comprises a transesterified
triglyéeride oil and a synthetic ester different from the triglycende 'oil, the lubricant
having a gelation index less than about 12 and being at least 60% biodegradable. The

lubricant can be used as an automobile engine oil and may further include viscosity



i ndex inprovers and/or detergent inhibitor (D) packages. The aufldndlth 108
engi ne @wid os/0rmMzal so i nclude other additives, such as a peufusp9tis;
depressant, antioxidant, friction npdifier, rust inhibitor, corrosion

i nhibitor and anti-foam ng agent. Additional enbodinents are explained

e P ol ity o 0D roris s pLPane SRk 81 €
Pho i mventTon st i bebraPlis Ve s po KPR O SRkl AP R i i
of the invasdifie) RASOVirhehitd, efdyiosRAMERliBitdey andi andifyarhisgr iagedtt Additidfaluse

under a variety of operating conditions in autonobiles, trucks, vans,
buses, andnafddiméritsyaneeoxpladmad in itreoiedlowing desemptiafonst r uct i on equi prent .

ASTM 09964 95 and meet s BRETPESGAAPHIONRY THEPBANEAS 157 de accoraing.
| 05864 REoPErbr 17 St dnd or di
Inst i tute (apn) BN B A R R AT Rk RO PR ARl S ooty

Approval  R&diGandIn: foe vAriduSAGDricantsi raddedin e mbodianguey ¢ff thel idvwentief.er ence
herein in their enti rEtéi In the follow n descrigti on, all nunbers

di scl osed herei n arRESGRIBROMOE EMBORIMENEY ST HESNHENREINt he wor d
"about" or "approximte" i.s used j.n connection. therewth. Th may, vary
oy 1 per cent -+ rasediEs of Tyt FEER{ch BRVRECHLET b MERB1Y Piand T Y 1
Wienevegr 61.159'15%&1 £ HMrici#0P6 é’i‘aﬁﬁg BoldMRIs ih laliomobileVaRttkavAABPsLsed, iall loff- RU,
is 20 disclosed, any nunberr) falTing wthin the range is specifically

di scl osed.higliwgarfdring ihdustridl hend tohdtmeiiog equipinens \Bir¢farably, tbe walngeataleast

specifically di socl osed: R=RL+k*( Ru- RL% wherein_ k i.s a variable rafntgli ng
from 1 perident 6% boteersdablerccoiding @ ASEM Paped-Phand messts ong ormore.of; ey

percent, 2 percent ercen ent ety . . Sk er .0l
bor cont | S3PERCTdds RELRGEE 1o O SOAETor RuBRILETP Frejneor (SN BGfKrican |
99 per centpe@leuhPihsARIE EAPL) 248 (MO LIROVEliona® MYbAtHTR Stalardianion aafAgpavdy
two R nunbers as defined in the above is also specifically disclosed.

The f di5l ovEaorgmittee (A CHmdpdr ark éncorphshted by irefarenambiereasin thalr prddstyused in
the descriptign and (ﬁéangl es that foI“I ow. V\Orﬁ(I).SI 027 1.12 PCT/ USO2/ 302?13 4
15 JUN 2005 TdB| te1folipad ¥ Absqi 000 aRtmber niREPEd) Bcapert iaBroRaEe
Vet hod  BidRar AL WhAREMLESGGA - B0anT NGBt Akhlce! i bd A TohiechiSTM
D5133 Col anki ng Stinulator (CCS) ASTM D5293 Cel ation | ndex ASTM
D5133- 99 thekaithorThegrpey aanyrigy APEMeDE 23Rr&t, 5 percent, or, sometimes, 10 to 20
percent. Whenever a numerical range with a lower limit, R%and an upper limit, RY, is
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following numbers within the range are specifically disclosed: R=RM+k*(RU-RD),
wherein k is a variable ranging from 1 percent to 100 percent with a 1 percent increment,
i.e., kis | percent, 2 percent, 3 percent, 4 percent, 5 percent,..., 50 percent, 51 percent, 52
percent,..., 95 percent, 96 percent, 97 percent, 98 percent, 99 percent, or 190 percent.
25 Moreover, any numerical range defined by two R numbers as defined in the above is also
speciﬁcaliy disclosed.

The following are test properties, definitions and test methods used in the

description and examples that follow:
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gel at eds st ruct Upg,deBrdda6ili®) s Aim&RIQF a lubricants biodegradability. ASTM D 5864
determines lubricant biodegradation. The test determines the rate and extent of aerobic
aquatic biodegradation of lubricants when exposed to an moculum under laboratory
conditions. The degree of biodegradability is measured by calculating the rate of
conversion of the lubricant to CO;. A lubricant is classified as readily biodegradable
10 when 60 percent or more of the test material carbon is converted to CO; in 28 days, as
determincd using this test method. In some embodiments, the lubricants have a
biodegradability of at least 65%, 70%, 75%, 80%, 85%, 90%, or 95%.
BROOKFIELD VISCOSITY is viscosity, in centipoises, as determ‘i-ned on the
Brookfield viscometer. The operating principle for the Brookfield vi;cometer is the
|5  torque resistance on a spindle rotating in the fluid being tested. Although Brookfield
viscosities are most frequently associated with low temperature properties of gear oils
and transmission fluids, they are in fact determined for many other types of lubricants.
COLD Cranking STIMULATOR (CCS) is an intermediate shear rate viscometer
and measures the resistance of an oil to engine cranking at low temperatures. CCS is
20 controlled largely by the additives in the oil and the viscosity index of the base oil.
GELATION INDEX is defined as the largest rate of change of viscosity increase

when slowly cooled from -5°C to the lowest test temperature. The gelation index 1s a
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20 engine oil is held at 80°C in a mini-rotary viscometer and slowly cooled at a
programmed cooling rate to a final test temperature, a low torque is applied to the rotor
shaft to measure yield stress, then a higher torque is applied to determine the apparent
viscosity of the sample.

POISE is the CGS unit of absolute viscosity. This is the shear stress (in dynes per

:25 square centimeter) required to move one layer of fluid along another over a total layer
thickness of one centimeter at a shear rate of one centimeter per second. Dimensions are
dyne-sec/cm?. The centipoise (cP) is 1/100 of a poise and is the unit of absolute viscostty
most commonly used. Whereas ordinary viscosity measurements depend on the force of
gravity on the fluid to supply the shear stress and are thus subject to distortion by

30 differences in fluid density, absolute viscosity measurements are indcpe_ndent of density
and are directly related to resistance to flow.

POUR POINT is a widely used low-temperature flow indicator defined as the

lowest temperature at which an oil or distillate fuel is observed to flow when cooled
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volatility weight loss (NOACK).
Generally, the environmentally friendly lubricant in accordance with
embodiments of the invention is a mixture of transesterified vegetable oil and esters.
The lubricant has a gelation index of less than about 12. In some embodiments, the
25  gelation index is less than about 10, less than about 8, less than about 6, less than about
4, or less than about 2. Preferably, the lubricant meets one or more of the current
standards of the Society of Automotive Engineers (SAE), American Petroleum Institute
(API) and the International Lubricant Standardization and Approval Committee (ILSAC)
and is at least about 60% biodegradable according to the ASTM D 5864 test which
30  defines the lubricant as readily biodegradable. Various typeé of vegetable oils may be
present in the lubricant. For example, the transesterified vegetable oil may be a mixture
of transesterified corn, rapeseced, soybean, and sunflower oil. The transesterified

vegetable oil is mixed with esters that lower the gelation index and improve viscosity.
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oi | conpri ﬁl?tﬁeé agll Xl%ﬁﬁoéopgf}]nye?ltypc viscosity index improver,is optionally added in an

amount from about 0.1 to about 6.0%, more preferred from about | to about 5%, most

preferred from about 2 to

about 4%.

The environmental lubricant further optionally

includes a dispersant/inhibitor package in an amount from about 8 to about 14%, more

preferred from about 10 to about 12%; and other additives, such as a pour point

depressant, antioxidant, friction modifier, rust inhibitor, corrosion inhibitor, and anti-

foaming agent, in the amount from about 0.1 to about 5%, more preferred from about 0

The environmentally friendly lubricant is formulated to have a gelation

index of less than about 12 and is at least about 60% biodegradable in the ASTM D-

The environmentaily friendly lubricant also meets all

In other embodiments, transesterified vegetable oils in the environmentally

friendly lubricant are in the amount from about 30 to about 85 wit%, more preferably

from about 35 to about 75 wt%, and most preferred from about 40 to about 65 wt%.

15
to about 2%.
20  5864-95 biodegradability test.
1LSAC GF-3/API SL bench tests.
25

-Suitable transesterified vegetable oils include, but are not limited to those described in
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ester Ragigngze following formula, as disclosed in U SPCPASEHIZAL.
6,278,006: 50 | | CH2-OC R 0 B Il CH-OCGR2O0 11 15 CH2¢ @HIR3005
wherein Rl, R2, and R3 are aliphatic hydrocarbyl groups having from about

4 to about 24 carbon_atons i nclusj.v: 1 &Sherein€nAheiRentirB®;: and “
R3 have atk& lP’aYt”é?dB' 8l Ff)tl‘?ﬁisiVé%'ﬁkﬁlg?eo@g?%ﬁ%?o%féfeﬂﬁgvi negr lab(r:l)utm4 toraglbout

10 carbon 5 h¥€5 2@NGHRQ 2 e¥78i 6,228,006627 1SS, ehd RBB5 3. and R3
have an alﬁﬁzﬁaﬁrb@’%ﬁ%g’gﬁ%yl' moi ety having from about 12t ab?ut 2/}
carbon atons i ek esimple, Shesecht ringestedficdivegesabie lloMmpBISes Rebet y

of plants or their seeds and are co nly.refegr able oils.
Rl, R2 amdtcRBa\dng/thbefoﬂOWf@rf@ﬁFmPrtﬂsgﬁocé%%g|’" {Jhé E%ﬁ&et%ncgi%éw.’ thin the
triglyceride formula are i phatic hydrocarbyl groups having at |east 25
60 peréent nnnounsaturate§%character and contai ning fromabout 6 to about
24 carbon atons. The term "hydrocarbyl group" as used herein denotes a
radi cal having a cé&ithon O &omMidirectly attached to the renai nder of the
nol ecul e. The aliphatic hydrocarbyl groups include the follow ng: (1)

Al'i phatic hydrocarbon gro@ps; that is, alkyl groups such as heptyl, nonyl,
30 undgcyl, tridecyli, hepyadecyl; al kenyl groups containing a single
doubl e "bond such a%“4h§Q5Fﬂpr nonenyl, undecenyl, tridecenyl,

hept adecenyl, heneicpsenyl’; al'kenyl groups containing 2 or 3 double bonds
such as 8, 11- hept ade adieE¥I and 8, 11, 14- heptadecatrienyl. Al isoners of
t hese are included, put straight chain groups are preferred. 35 (2)
Substituted aliphati hydﬂbcarbon groups; that is groups containing non-
hydr oqar bon subst i tGnt-OWhi-dke do not alter the predom nantly hydrocarbon
character of the group. Those skilled in the art will be aware of

sui tabl e subst i {HeRkSR, RAER RS aed sliphafic hijitozats| gwope3aong oo about 4 to

PCT/ US02/ 30233 9 hydroxy, carbal koxy (especially_l r rbal koxy nd
al koxy (esg@at 24 kyrbboamms mclisig) whamgia atdgast ong 85\5#%%%?? ﬁaveggts)“u%?l&

S?QLSL n:,mn?@lrp;)%g%n%( o}qg&ghémg&% O%n%;%f%lﬁil 4gl]%i)ap aE iqgoca%d?luﬁ)t%instih@lhsiivé,, and
20  wherein at least one of Ry, Rz, and R; have an aliphatic hydrocarbyl moiety having from
about 12 to about 24 carbon atoms inclusive. These triglycerides are available from a
variety of plants or their seeds and are commonly referred to as vegetable oils. Ry, R
and Ry may be different moieties or the same moiety. +
Within the triglyceride formula are aliphatic hydrocarbyl groups having at least
25 60 percent monounsaturated character and containing from about 6 to about 24 carbon
atoms. The term "hydrocarbyl group" as used herein denotes a radical having a carbon
atom directly attached to the remainder of the molecule. The aliphatic hydrocarbyl
groups include the following: -
(1) Aliphatic hydrocarbon groups; that is, alkyl groups such as heptyl, nonyl,
30  undecyl, tridecy!, heptadecyl; alkenyl groups containing a single double bond such as
heptenyl, nonenyl, undecenyl, tridecenyl, heptadecenyl, heneicosenyl, alkenyl groups
containing 2 or 3 double bonds such as 8&,11-heptadecadienyl and 8,11,i4-
heptadecatrienyl. All isomers of these are included, but straight chain groups are
preferred. | N
35 (2) Substituted aliphatic hydrocarbon groups; that is groups containing non-
hydrocarbon substituents which do not alter the predominantly hydrocarbon character of

the group. Those skilled in the art will be aware of suitable substituents; examples are




hydrocarbon character contain atons other than carbon present in a tdbN 2005

or ringwdoizigeW se conposed of aliphatic carbon atons. ppuiti@Blgihet ero
atoms will be apparent to those skijled in the art and include, for

exanpl e, oxygen, nitrogen and sulfur. Naturally occurring triglycerides
are vegetable oil tri gl yceri des. Transesterjfied tri]%I yced'?iﬁ?es 'ma){ be
formed by hydeoxyeararbakorr (espsciaby elogrer grajbakenydniand elkpky (sopesillys tower

fatty acid.or mxture of, fatty agids_or .he ¢ i it i of a
ot a1y 8P e i visb Bt Bt Brohs SYpliPBed N e Ll ekt
triglyceride oihy fpRd afhdis, RS WaTchakile Hab; défRahtly alipeci de
has a nobnounsat ?ate rcﬁltzgtrug%ter 8?Eﬂaaftuﬁl east abcljut lt?ghpg)ﬂtgrcent, ypref erably
at | east dbdudcatdnpeliaantr acdaimostonpr ether alplny carboh gastenabout cBéin perioent .
The transesterified tri(gl é(j_eri de may al so have a nonounsat uﬁ ted
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char acfer asherwage qogapgse tphgle caghon gongis Syyablsheseroraipmg ayill be apparent to

transesterjified. etabl e ojls, have rel atiLv i i i stability
and good th%ﬁf/ s?g}ffﬁgpilmrgaqﬁ 1§81(1)1§F,tt§r f)’?ao el!r:,to?(géqn&&ﬁ?ia\gg%gqﬂgbi lity is
related to the. dagr8§ SlurdHpsSaigWatiionatenvegbabRi dil anglycailebeTamas wididd
e.g., wth an Oxidatrve Stability Index instrunent, Omion, Inc.,

Rockl and, thgbseridesanaylba fprined A@EE: Gfatiiai af onemhisdof@lydeed wigle threetiodes df
1993). xidative stabi|ity is often expressed in terng. of ."AON haurs.

For 20 ex e, acsh il iRy (0o By e EeriFaln GOt RaiPhiss gt PR Rw
hours ,,0 abqut. 12 u f 3 - ; AQOM
hour s.leheoc? P%‘ﬁge‘%ﬁgéﬂg Qg kv%%é{cg ﬁg} %P%?chsgdﬁ?rﬂigg@réﬁ%é (ljgtiftlﬁg%]t{}é gﬂgtve

excel | ent hewiécimanat tae thel eighekiide hay DpRhbiesturAed cigdrectevdBatdsist ybdurdex
val ue indicates that the viscosity of the oil changes  |less with a change
i n t enper dlupacentnpesférablyvasrierst abdis 1 pareenttand ey dwefcrably atidsast ghout 88
greater the resistance of t l.ubricant tao,thicken at | t r.at

and thin deeat _ﬁfr&htrarp%g?c;[t&gg/scyn %g&s{ogi'ﬁv? iaerﬂor\lloeué]%%{)al%g)ma ¢ JEOZd
in certai n, eROMHMERS Hohaves , pour  point fromabout 0 Cto about -30 C
The vegetable oils are [iquid at roomtenperature and have a nelting

poi nt 16f about Kefered tiaessteriTied veggatlabllehaid rslatmgly héglyenidativsaitabylity and

nodi fied such that they contain a higher. .30 than.nor.nmal, olei¢ acid
content. HGH I@Wéf—rap%é& RISF Q810 iPrQPeEise é?ﬂg%ﬂ“q SEAhiY i Bl e Go e dfeges of
acid. These high. ol ei g ol (o) i i S oy : ful |y
saturat ed ung%}f“gantognlg 5 d(:lir érs‘@g%{figgemgésu ow(%faéé’npwgpa%rﬁr@ggﬁ%grgnygqlﬁh@ﬁﬁﬂegmr

oi | has anngh&hént20mdions bitl, Ruckbind 25130 apsirdianto ABCS Exfifitiaklethpd i@l Ityi ng
the seeds of sunflowers, a sunflower WO 03/027212 PCT/USQ2/ 30233 10 15
JUN 2005 9 (reosed b¥930bPuidadve sipkiliel it affra expesseedaid tgrmapat enPM shaurgfor

No. 4 BaaSeel oXhialar Aephuy PhoRScan e Tl ol 8 PR hhalts MR a20Te
e, B AR AN RIS g OO R Mg,
ol ei ¢ saf fYagamblcobils ubedyin csbmieoerbmdiumomtts,harv'r:gmccllent low temperature viscosity
properties. A higher viscosity index value indicates that the viscosity of the oil changes
less with a change in temperature. In other words, the higher the viscosity_index, the
:25 greater the resistance of the lubricant to thicken at low temperatures and thin out at high
temperatures. Transesterified vegetable oils used in certain embodiments have a pour-
point from about 0 °C 1o about -30 °C. The vegetable oils are liquid at room temperature
and have a melting point of about 6 °C or less.
The vegetable oils may be genetically modified such that they contain a higher
30  than normal oleic acid content. High oleic vegetable oils contain at least about 60%
oleic acid. These high oleic oils have lower oxidative stability, whereas fully saturated

oils tend to crystallize at low temperatures. Normal sunflower oil has an oleic acid

content of 25-30 percent. By genetically modifying the seeds of sunflowers, a sunflower




ol ei c rauesr@d2nil, high oleic sunflower oil, high ol ei c MSYyBERAEIBIS
high oleic cottonseed oil, high olelic | esquerella oil, high oleic 15 JUN 2005
meadowf oam oi | and high oleic palmolein. A preferred oil is the

AGRI - PURE 560TM whj ch i,s tr t.erl.5i ' ' ' I [

wth shortoLatuPaoRamey it e SR ERGY e Bl ShEyY Bercitle Roue

10 pol yol eg§ ﬁércgﬁg Basepakhis Wo. GA53G o2 M Noeaped 482 afdNjereihlifcorporated by

speci ficatiohs according to the manufacturer for AGRI-PURE 560Tm are:

Table 3: AGRrefidRior SheiFMiBrlopee tty thgrhrepauation5e0 highs pleik shalloweri it ¢t ¥5 at
40C 28.76 cSt ASTM D445 Viscosity at 100C 6.47 cSt ASTM D445 Viscosity
| ndex 189 methiodf arasurigabk Vet 3 FPRIGNI3. 5 05 ASTM D6375- 99A  Speci fi ¢

Gavity, 0.924 g/, ASTM D12 Density. 7. 39 | ' 1 kEkash
Poi nt 247C ASTnj{t%‘fﬁe@ﬁe&SﬂaB@eo‘gte‘%ﬁ:bk%‘%gz}’ I sBigh sEYRRAIEE RoeoiL Fig
ESOC 38 m chﬁ% é@%d\/b@% BoRic sBimPRIbAJRR loldiy soy¥eatol, Kk oled8 ctdibeed

Bi odegradabi I tB > 0 % ASTM D5864- 95 Additional preferred TAG base oils

i IncI ude a bﬁll,gggl@b&nczleswn‘rbldn/\eﬂ, lgh olvaitcadrvefoamsoibunivhigbayleie pplranttia: Wi gh
ol ei c rapeseed oil_ available as RS-80TM both from SVO .15 ERPRI SE
(Easlt I glke, ?l@fﬁr@ﬁ oty iKethenAGIRIGPERE o¢1'¢ Whichuige? hti"ﬁﬁc%?réq}?fj glt\&‘f © raca l's
avail able fr DOW PONT, or. IL.nstituto a s}lg(,mpi Ql e -
oils fromSH eﬁﬂllp%%?&ﬁqtﬁiho G g%ﬁ%één%%' S r%gr?]TDUgciﬁﬁgt?%@
MNSAM?Q&N%?AG KRE @,ﬂqjyl@mccpm RN Epolanimay. gh ol ei ¢ peanut oils
from N"or the University of Florida. 20 Non-genetically nodified
veget ablje p: | s ahgs@aiﬁdaummacmbtdin§wnh¢ owenfaofurer fonARIRdIFURE 960 BLare: oi |
rapeseed oil, meadowfoamoil, lesquerella ofl ¢ r oil or oliv il
It is to be noted that olive ninﬂil"eﬁ‘hAﬁ J:PUBE,%&'QE n_ol eic—aci d.e '(')'I e
oleic acid ¢drpent of olive oil typicall AgrirPure 860 o hTeshMethodss + o aHout
85 percent. |Atigosweg@t®bl e 0il can be trankeRi6est fi ad STHO NI tionjof a
saturated egtvasosity #30p9Cef erably a short chéfhctatty acfdTMD4A nal yal
ester. This [addesiy e esults in random est®rificati ohASTMIRE’0short dhai n
fatty aci ds [Neadkhelagitycer ol backbone of t h&s¥eget abl e| 65TM DBIB-PBN 2005
WO 03/ 027217 P& dala) 30233 11 1 n gener al p.914ganisest ef ASTHANE®N can be
performed by RAG NG a short chain fatty a¢rgmgar t ol By conversion

Flash Peint 247°C ASTM D92
Oxidative Stability >1500 hrs ASTM D943 Dry
FDSC, 180°C 38 minatcs ASTM D6186-98
Biodegradability >95 % » | CECL33-A-94
Biodegradability >80 % ASTM D5864-95

Additional preferred TAG base oils include a high oleic sunflower oil available
as SUNYL 80™ and a high oleic rapeseed oil available as RS-80™, both from SVO

15  ENTERPRISES (Eastlake, Ohio). Other high oleic oils include high oleic sunflower oils
available from DOW, DUPONT, or Instituto de la Grasa, high oleic canola oils from
CARGILL or DUPONT, high oleic soybean oils from DUPONT or MONSANTO, high
oleic com oils from DUPONT, and high oleic peanut oils from MYCOGEN or the
University of Florida.

20 Non-genetically modified vegetable oils are sunflower oil, safflower oil, corn otl,
soybean oil, rapeseed oil, meadowfoam oil, lesquerella oil, castor oil or olive oil. Itisto
be noted that olive oil is naturally high in oleic acid. The oleic acid content of olive oil
typically ranges from about 65 to about 85 percent.

Any vegetable oil can be transesterified by the addition of a saturated ester,

25  preferably a short chain fatty acid or a polyol ester. This addition results in random

esterification of the short chain fatty acids to the glycerol backbone of the vegetable oil.



a vegetable oil in the presence of a suitable catalyst and heati nthShJéW 2005
m xt ur of short chain fatty acids include neth nd

pol yol eggfﬂe?’?og?ﬁﬁ/bt hyl esters can be,,produced, for exanp%ke::rﬁ%?/%(ﬁs?
esterification of fatty acids. 5 Polyol esters also can be used in the
transesterification of vegetable oils, As used herein, ",pc%I \é{ol ‘esters”
refers to legeaersl, preoshsteedicanomsandieyrsriprmed by pading arsporchib 3t ac 83T 9o
carbon atonms and fromtwo to six hydroxyl grnoups.,.Prefenab h | ol s
contai n t\bYEEst &%PRH%%RW“}?&O&% %“él.a@érc gag%sitagpilpg%rég Fh%nmé(?u rg. %%t?[;%oc?fo
ester wt v bl if@SH fethiyD cbleR SPpbIybRELYrs. MRl ehihabRDeof

t he pol yo%hgﬁﬁ?ﬁt?#%aa?gﬁéy aci d ghgi ns of Phg TAG rt:);ei ngﬁj?andom y

di stri but ggodisRagfopexdmplbebypesterificadonl ofifaytyecials. backbones. In one

enbodi nent, transesterified vegetabhle contain TAG havi nqtﬁ structure as
defi ned above, Roipelmstess alsemambs usedon hrolgasestedfieationafivagetahie ofly Adhfedg
structure:, 15 0,11 4 1, O -C -\ Il 20 oc - R : i and
R5 are ind’&ﬁ@ﬂd&ﬁll’é eéfeirfJh%\etf?r?qﬂfa?%scg?qg)lﬁedgFrSH]pBOIHgl&i %étaﬁ?lﬁg]%%% 412 to
about 24 caphpp LiDRK USidVBom WORY B Eix Ayt B33 taronR, PlefBAbRNtRpolyake a
25 satur atcag)gggllf)%?\dg%@c hydr ocar bn>}l noi ety gav(?%g 8a%t 4 to gboutglg
carbon at aymmtdinelasi foar hpdrdxylhmoieties. at | east one of R4 and R5 have an

al i phatic hydrocarbyl nmoiety having fromabout 12 to abqut. 24 clgbi)n
atoms i ncl usi velramsesaficatig gepplyabesterrwith 3 5p5table O RegisIn s phar 13y

pl ants.or theiy .seeds an |Ve f.ef . - j R6
Bnd R Oar derhebEnabars JouShguf SRTRReY kg £ Ehihe oFhe YRAFHPRE S R1M 35
havi ng oneyitiPiphiRd asBfiP BbIR @EBpolo6! tahe figtdronibagkanesullm: o2 ehbodinied?) "~ -
O C- Re 35 wherein-X1s an integer of about O to about 6, and wherein R8
i s an al i phadsesteri fraddvegesabiby contineTH Gaahaving # structuse 29 deBresbabeitco g8 oG
03/ 027212 PCT/ USOZGSCSZ 3 12 .15 Jlf_g t2ﬁ05' t hods to produce the above

t r ansest erfarrglycsrakpalyel csiephpung e IGQ¥IMSSIYMF U S, Patent No.
6,278,006, which is incorporated inits entirety herein. O her
triaglycerol oils that may be used are disclosed in U S. Patent Nos.

5, 990,1355 and 6, 281, 375, which TI)
OC - R4
0
Re=C —~ |
20 | OC-Rs
R7 *

wherein Ry and Rs are independently aliphatic hydrocarbyl groups having from

about 4 to about 24 carbon atoms inclusive, wherein at least one of R; and Rs have a

25  saturated aliphatic hydrocarbyl moiety having about 4 to about 10 carbon atoms
inclusive, and wherein at least one of Ry and Rs have an aliphatic hydrocarbyl moiety
having from about 12 to about 24 carbon atoms inclusive. These triglycerides -are
available from a variety of plants or their seeds and are commonly referred to as
vegetable oils. Rg and Ry are independently a hydrogen, an aliphatic hydrocarbyl moiety

30 having one to four carbon atoms, or the following formula:

)
il
(CH2)x — OC—-Rsg

35 wherein X is an integer of about 0 to about 6, and wherein Ry is an aliphatic

hydrocarbyl moiety having four to 24 carbon atoms.



are i ncqipen@abed by reference in their entirety. The transasvsnizbisd
vegetable oil may 5 include the glycearol polyol ester (shown abovt} ANGHS
or the non-glycerol polyol ester (shown above) alone, or a m xture of
bot h. Veget abl erl\g‘i%ths tend to crys
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resul ting § atrton 1'ndex tests. To neet 10 the gel ation
i ndex requjl€eimBNinapbe BESadchRRiRA W ULR. Batespigos. 5,999,055 drideb, 281, B15AMhiSL
bench test specification, a |ow gelation index saturated synthetic _ ester
(which is stefihesrpotated by mefereacey eydheabertiteiy ) The teansrsterifiegr veggtabln @il maYom
about 10 to about 30% of abfoiatur ed synt etli c_ester was blreFdeﬂ '!an tElhe
for mul a8 i omclude the 8I¥eLd HEbiod SR SHOPRAPOXTIFIRRS OF e PUFBIYSHP! PRYPAFPY
saturated gsters, | d : i i ndex significantly. 15 The

@5?\&1 aR%\{/eg\éngng, %rit {')r?m&ﬁlleat}f bth.

synt hetic asic ester such as adi pate, a sebacate ester,

a tribasic estgegsueih ofls tdnditgerRydlitle @ idvanengcTatie beaatsei thretringly bitnphopane
(TMP) ester, or a polyol ester, such as pentaerythritol ester.

Pr ef er abl ytent e bgeduitei mpulandedk sofjectHe mackisg. cEhiecausgeidhe Vissotifyeto abruptly

transesterified trjglyceride oil should he ss than .abo I n

about 8, oFCT9AE&E YORish IHPRAIFVES, Teﬁ‘t}lcﬁaﬁé“ gfﬁ)%ﬁ”?e gelaty ne]%%jle’_%g Sts_'egf(grn{ egged

tolo tg‘% O%?At%“ l?lHC)L %ﬁe@gnpf)f febeHaH bbb e a?@%ec?ﬁ&ﬁb?tth@@ﬂ-ﬁm gif
an t 5, such as a I b

| ess t out 4 or less, about or less, about 2 or
| ess, or abgith tést@pedif&dion D haspeation Mdidbasiterasdi syntstieestentvehitihe dffortatt s

froma Ca-C, 2 dicarboxylic acid such as succinic, glytaric acid,  adipic
aci d, and ﬁem&iecvwmﬁﬂ odHds iaﬁ@eq(mi ther 2xawples teqm Zéf-gbﬁ 9 g‘?ﬂ%lﬁ’.ﬁ’ @(}eap
exanple is _di(2-ethyl he adi The . di LEest

e “silaeF DA AL R, o FHOHhline 8

Di basi C €St &Rl EsterOfpaktiRalakigr sAthraied Cesters, | lbweted ReQelat(daHidex CupficAfily.
wherein R, ‘and R2 are a hydrocarbyl group having fromabout 1 to ahout 20

car boni5 at The sgmdetic egeramay rbeeyydibasie Gﬁﬁca_bmh ag a i_ﬁalﬁbééﬁb%m oxtely aftEPRYY
W th SebacFBeuRh Bynmedy FNFDOTS e G4BTI Rk ahs Ty 15 PBPhewn

T, SR N e, SRl B om0 fdccani

characteri g iHeStraSedteoied triglyichedé olllshwdlddetlassthammboutal (s dessshdruabout 8, or

less than about 6. In some embodiments, the first ester usedto lower the gelation index

20  of the lubricant has a gelation index of less than about 5, such as about 4 or less, about 3

or less, about 2 or less, or about 1 or less.

Dibasic or dibasic acid esters are the products from a C4-Cyy dicarboxylic acid

(such as succinic, glutaric acid, adipic acid, and sebacic acid) reacting with 2 moles of

C,-Ci7 alcohols. One example 1s di(2-ethylhexyl)adipate. The dibasic estershould have

25  a viscosity index of at least about 120 in order to function adequately. Dibasic esters are

of the formula:

O O
! H
R;{O~C~(CHz)s ~COR:
30
wherein R, and R; are a hydrocarbyl group having from about 1 to about 20 carbon

atoms and n is an integer from about 1 to about 20. A preferred dibasic ester 1s

EMKARATE 1130™ which is the diester of a Cyo alcohol with sebacic acid by



Property Value Flash Point, C 230 (closed cup) 260 (open cup) Ak o JUN 7005

lgnitigpohspeiature, *C 385 Density, /m 0.909 Pour PpifiysofzazdP
Kinematic Viscosity, cSt 20.2 @40 & 4.8 100 C5 Tribasic esters are the
products froma C4-Cl2 tricarboxylic acid reacting with 3 noles of

Cl-C20 al cohols or _nmde by a fatt Ld condensjn i 1h ol yql

o REA BERFORY AT T AL S (S TabG. DB ekl Rey vt
about 120 jn order. o f i uately. Tribasic esters a f th
form o giferBiifticlid othe el moRRAy St ey TEIPaY B B et 1 "o
- OC R4 wherein Rl, R2, R3 and .R4, are a hydrocarpyl gr aving from
Zbout 1 16 anolibHe R SRtier Aaer I g5 B TalG B gl e nTe
1550T"" gg ?é’fuPNl QEMA 20 PERFORMANCE CHEM CALS (New Castle, DE). R1,
R2, R3 ag% 4 nay be different noieties or the sanme noieties. O her

synthetic esters have| ehgrty ol | owi ng fornul a: | W®©3/ 027212 |PCT/ US02/ 30233
14 15 JUN 2005 O 11 [ CHz-0-C R 0 5 11 R4-C - CH2- QC 0 11 CHz - CC
- R3 Flash Point, °C 230 (closed cup)
260 (open cup)
Auto Ignition Temperature, °C 385
Density, g/ml 0.509
Pour Point, °C -60
Kinematic Viscosity, ¢St 202 @40°C
4.8 @ 100 °C
5 Tribasic esters are the products from a Cq-C,; tricarboxylic acid reacting with 3

moles of C;-Cqp alcohols or made by a fatty acid condensing with a polyol (tn-ol). The

tribasic ester should have a viscosity index of at least about 120 in order to function

adequately. Tribasic esters are of the formula:

O
10 fl
CH,O0-C- R
| 0
Il
Ri—-C -CH;-0CR;
15 o
il
CH,-OCR4

wherein R;, Ry, R and R4 are a hydrocarbyl group having from about 1 to about 20
carbon atoms. A preferred tribasic ester is EMKARATE 1550™ made by UNIQEMA
20 PERFORMANCE CHEMICALS (New Castle, DE). RI1, R2, R3 and R4 may be

different moicties or the same moieties.

Other synthetic esters have the following formula:



10 wher &im0RR72R2, R3, and R4 are a hydrocarbyl group havk@tyUReéesbout 1
to about 20 carbon atons. Wien R4 i CH3, the resulting syntheti§5eRNdild
is atrimethylol ethane ester. Wien R4 is CH3CH2, the resulting
synthetic ester is a trinethylol propane ester O her suitable synthetic
esters include EMKARATE 1700TM which is a pentaerythritol ester of a

C5- C7 al cohol, PRI OLUBE 3960TM PRI OLUBE, 39 QTE PRI OLUBE 1831TM 15 whi ch
are polyners made froma dinmer acid w @ di-adTcohbl by UNI QEVA
PERFORMANCE CHEM CALS (New Castle, DE.) Rl} R2, R3 and R4 may be
different noieties or the same noieties. To incredde the viscosity at

hi gher 4 enperatures, viscosity index inprovers werdl added to the

fornul ation. General ly speaking, theregRare twoH,YP®E OR,Vi scosity
nodifier 20 (or viscosity index inprover), One is the relative polar

ester-type, such as LUBRI ZzOL 7671TM which|is adong chain ester of

mal ei ¢ anhydri de styrene copol yner (see al so, LI BRI ZOL 7764TH and

LUBRI ZOL 7783TM whi ch are pol ynet hacryl ate_copo mehg) . The other is the
non- pol ar hydrogenat ed ol efin copol yner (&ﬁi?"t e, "duch as LUBRI ZOL
7075THO (al so i wheneteR,;,&Rqe Reyahddyeara e dodecgbyhgrogpdasingdpun pheytsl toahent as
25 | NFI NEUM SV_200TM and .| NE| NEUM SV 150TM etc,)..whi ch. are. anpr.phous
hydr ocar bo#? p#bgpatans. Bcblf}}’?“(#‘ ’tg#ga&e the ESyung ﬁyWBéﬁ'? F%Frslsveeﬁgn?qggﬁ Q%I[Hflrr‘le
the formlati Y iS RICREN Rl Bin A Bh AR RALAE al iRRShWIbI MopsRSister.
nodi fier s,csgérwi eerrl ;kﬁdgé%%i glgos%t;in%?%des of r?ot or oil scha% Ee .

bl ended. FotHeRgnhitabMepnthbneersiindlndd BMISARATE 1 B00T80vkish es 8 peatapmytivitobi |

: A : iR Gt Tty aol ation i it oAt Lans.
and” ot her  sailia Gach elronnle ERLUBEEE Y, PRk BEcio 31 bER e 1By 1 A
friend i ne lubricant. A, pref | -t i i

o 118§ SHIcBar e bRTs T B LS 4 BR Bl TG i fPfestoby e UMQEMA
LUBRI ZOL( epER FORMANTEACPEMITA DReRYw Gils@e, YD R DRekRen&1d R3magrid diffsent

acts as a pour point depressant for vegetable oils. O her polar
est er - t ypembidhied tith238me nWetd3/ 027212 PCT/ US02/ 30233 15 viscosity

modi fiers include LUBRI ZOLTM 7764, .LUBRI ZOLTM 7776, LUBR ZQL:
LUBRI ZOLTM 7786T°fl?%fﬁ?sﬁtﬁ%er’§éﬂs'?\ﬁ‘é‘k¢ﬁ"f feé',’PeEi’Yl?)"%?"é%"sé e"‘g‘ex iHfhroVerd Were

pol ymet hacy yl 346 (g0 [RionV I GG@&dyYpkdldRe thdFR e 81 type®bakisesdi§rmbdiper
Vi scosity ROl f1ers havi ng simlar p|poper ies as those in the g
fol | ovig tabligosite imlcs dmpswicr)l :OMalsube ritntopepdlyr EtastipRounl 2s EURRYZOL
7671™_ which is a long chain ester of maleic anhydride stS/rene copolymer (see also,
LUBRIZOL 7764™ and LUBRIZOL 7783™ which are polymethacrylate copolymers).
The other is the non-polar hydrogenated olefin copolymer (OCP) type, such as
LUBRIZOL 7075™, (also included are hydrogenated styrene-diene copolymers, such as
25 [NFINEUM SV 200™ and INFINEUM SV 150™, etc.) which are amorphous
hydrocarbon polymers.  Both of these viscosity modifiers were tested in the
formulations. |
By combining polar and non-polar types of viscosity modifiers, a wide range of
viscosity grades of motor oils can be blended. Further, when blended with the synthetic
30 esters, a motor oil is produced meeting the desired viscosity, gelation index
specifications, and other specifications needed to make a renewable, environmentally
friendly engine lubricant. )
A preferred polar ester-type viscosity modifier is LUBRIZOL™ 7671 made by
LUBRIZOL (Wickliffe, OH). LUBRIZOL™ 7671 is a polymethacrylate type thickener

35  and also acts as a pour point depressant for vegetable oils. Other polar ester-type




Specific Gravity 0.90 Viscosity, cSt 8500 @40 C 1500 100C A pr et &r b0

non- pol g AxeHegenat ed ol efin copol yner-type viscosity mpdirfuset/36283 the
LUBRI ZOL 7075TM Seri es nmade by LUBRRZOL (Wckliffe, OH). This series is

Lubri zol's next generation nondi spersant ol efin copolynmer (OCP) viscosity
modi fier. Hydrogenated ol efin copolyners e 1. del , yvhe
of Vi scosiviscopitylimedifiersoinclige B E™C aﬂg%{ubﬁi%%it“ﬂﬁ ﬁei\gﬁ@%@‘

di esel engine oils. op inthe m,ds , v dr ggen d in
copol yner s/ /8pf f M@Lu n%r edir %mnéﬁ%gﬁﬁgt i g&—gf &éﬁhyl Ehe
to propyl eng, 0 ef i ely iRbfyveisze viscosity variations
over typipgg)fmégﬁgl & oép?érgg{r?erl{g {Cgﬁ elr atur"gts). VThey are cost-effective and
are suitabl e farlarf edterdyst ivigosieamodifary hasing sinelaepgopretics ks thdse in the

pol ymers provide a cost-effective way 15 to neet the latest international
and or iSgi rfallowipgitpirte are atemeseddt ur er (CEM specifications for passenger

car and heavy-duty diesel '%ﬁér‘fy o s Nog;polar hydnogenat ed ol efin
copol ynmer-type viscosity 0L Bl pavi g dsiie Tor owi ng characteristics
may al so be useful in enbodi rreg?s:’ ropefty Flash Pgint, C 190 Specific

Gavity 0.87 Viscosity, CSlg82R Gy C CHBsY ZOL 7075DTM is a preferred
ol efin copol yner type visc 'iédsiﬁﬂg{” er{ sk @ 4om LUBRI ZOL (W ckliffe,
OH). Qher olefin copolyner; type viscositysopegidoicers | i nclude the

LUBRI ZOL 7070T ' ) ¥ i R40EM
SviasTM_ svzoohrCess i PREEs I Rt R S ang
PARATONETN,89QSBRETO € 70hy™( SHEMRGMCHY .LUBRIZGL aiWitlipfe, VOH.0sTiHiy series is
nodi fiers contribute to the Iowering of the gelation 25 index. Usi.
@,rtll%r

LUBRI ZOL TNLubF&l'suneltl giBRrazion( rendjsprpas, olchia qamglyiman GHefinYiseasity o&p

i it di f i | bl.e in the f . at,i i thowt . f.ai-Ling:
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JUN 2005 RR ster type viscosi'ty nodifier "alone, the viscosity grade of
the formul@ideskeaitedi slefin SARo¥thegy diféer onainbwer mdtseudar wyipht andclbsimijo of

nodi fiers having the follow ng characteristics may. al so bety use[.ul Ln
entbodi rent BRI jPIaPYRREud osh BARTBE; Sifectively gpitimize Viscosty VeRilions oVer

typical engine operating temperatures. They are cost-effective and are suitable for

formulating nearly any mainline engine oil. The polymers provide a cost-effective way

15 to meet the latest international and original equipmfnt manufacturer (OEM)
specifications for passenger car and heavy-duty diesel engine oils.

Non-polar hydrogenated olefin copolymer-type viscosity modifiers having the

following characteristics may also be useful in embodiments:

Property Value

Flash Point, °C 150

Specific Gravity 0.87 -
Viscosity, oSt 825 @ 100 °C ) .

LUBRIZOL 7075D™ is a preferred olefin copolymer type viscosity modiﬁer
20 from LUBRIZOL (Wickliffe, OH). Other olefin copolymer type viscosity modifiers
include the LUBRIZOL 7070™ series, 7077™ series, 7740™ senies; INFINEUM
SV140™, SV145™, SV200™, SV205™, SV300™, SV305™, (EXXONMOBIL, TX)

and PARATONE™ 8900 series by (CHEVRON,CA). ‘
The ester type viscosity modifiers contribute to the lowering of the gelation
25  index. Using LUBRIZOL™ 7764 and LUBRIZOL™ 7785, the maximum amount of
ester viscosity modifiers allowable in the formulation without failing the gelation index

specification is from about 1.7 to about 2.0%, see Fig. 1. At this low concentration of




Speci f i wo@s@merzly 0. 90 Viscosity, ¢St 20.5 100 C 5 The sdamusatsy2iof the
hydr ogenat ed ol efi n copol yner-type Mitscosity nodifier in vegetabl 135ojUIN 2[][]5
is about 4 to about 6 wt%due to the polarity difference. Wen using t

hydr ogenat ed ol efi n copal I cosi.t h

formil'at | offe 614 Hae vrsaE hlapel Bing; BESEHY P lret he M Gsh 8 iy 5 SaE
However , a3(p§.gpé51 %0 of these two types of viscosity nodifiers produces
a 10 wide'r nge of viscosity grades of notor oils. Further, when

combi ned wi th tBgevegpetaddosity aiddifersl hiviag shefélEwiog ebumcteriaticsomay atsiol benas
produced neeting the desired viscosity, gelation index specifications,
and ot her efidim embedigpatsi i cations. The ester type viscosity index

i nprover nay be added in an ot ||um agpyt— 0 to abput 3.0% nore
preferred fromabout 0.2 t FS SHTY preferred fromabout 0.5 to
about 2% and the 15 hydrogehat’e °"“r‘? ;opol ymer typl viscosity index

i nprover may be added in an SP%[H&%W;Yrom ggput— 0 1o apout 6.0% nore
preferred from about | to a ;‘g'éoss@/‘?St MOST | ,pE & ®heEd from about 2 to about
4% O her suit TaEX 1 er F,. VIS
modifiers, are é‘(f;l H‘Y‘;%IO§ ﬁ/rggﬁ‘fﬁfegsglﬁg? §Bﬁ?l‘éﬂ}ér %ﬂ)y §1800 “5%%33%1]

pol yner s rkg,eﬁsi%%m%%u@a% Bhileetenlaies nDfol5Ay1 AMBrHEE N WEGPLANE the
and/ or but adl ene, pol ynmers ofZl al kyl acryl ates or al kyl nethacryl ates,
copol ymer shy@frogehkield stefihampylyateesype viscovityi mydlifipy ralaiei dlondomprulation of the
di met hyl am noal kyl net hacryl ate, _These are used as required to provide
the vi scosiubycaMm&ls%Wrgé@ﬁqSﬁEﬁg8fqdﬁ|°é1hed oil, in accordance with
known fornul ati technl %ﬁb%nat%ﬁtﬁﬁlc@g\%?ﬁgz Fi%: e yr{:[?&]ﬁgfsnlgogﬁ%g%ne

and mal ei ¢ anh A Ct e presence reera Initiator and
ther eafg erygRigd cfdfﬂ\nQ:oEi"t‘f £2APOb §iBlor Vils. NF @rthe Xt herecopiibifdd with sheavepatubles,
are al so useful as Vi scosl Fy nodi fying additives. The styrene esters
gener al | y ait and dhsissiathetic testehea mter 03 urast podasedymentingntlis deyeedt yiscosity,

nodi fiers. The styrene . sters [ ddi ti Slt i f
proper t i es8A3LH ‘8% 1C3HPR% a%‘gﬁ‘%@&% %cstt %&ﬁgcfh%ﬁ { 1§i°&5E Wgr{gg"SCXélpyg
properti esmwgs?nn%.laee Ef 4 fnofh o FiBn @l 081066 3 D%, 30repraRbedd on
| eavi ng sone unr act an ride or carboxylic acid groups. "These acid 1
5 JUN 2005froMQitoat @2F Zd%bBﬁTZZLSS?Q%BQZﬁBfehEd fyorougtout &S ttchelbObteZ‘kﬁomtbﬂh@ed
to am des by reaction with a primary am ne. The co- pol yrrerbzatlogn
styrenk wi btdraganeied 'ahﬁpd?qp@é/r%"ﬁe%[@és"l%oé’&)dp‘}?hFmE"@l\/ﬁ‘) 03y bR adged 4n an

hi gher glass transit t oga
Feact i ve. arDRu QETRAPROY BiBEPBRAp DG SRS P B MR BN 16 2BRRT R ok

used in bl %cgrfr&ggp&glj@sabéumre interaction or reaction of the
mal ei ¢ anhydride provides for desirable interfacial effects. Sone SMA

pol ymers that aPthercuiahle caiveptionadivisapsity indennmopmey QugAscosity modifiers, are

olefin polymers, such as polybutene, hydrogenated polymers and copolymers and

20 terpolymers of styrene with isoprene and/or butadiene, polymers of alkyl acrylates or
alkyl methacrylates, copolymers of alkyl methacrylates with N-vinyl pysrolidone or
dimethylaminoalkyl methacrylate. These are used as required to provide the viscosity
range desired in the finished oil, in accordance with known formulating techniques.

Esters obtained by co-polymerizing styrene and maleic anhydride in the presence

25  of a free radical initiator and thereafter esterifying the copolymer with a mixture of Cs-
Cis alcohols, are also useful as viscosity modifying additives. The styrene esters
generally are considered to be multi-functional premium viscosity modificrs. The styrene
esters in addition to their viscosity-modifying properties also are pour .point depressants
and exhibit dispersancy properties when the esterification is terminated before its

30 completion leaving some unreacted anhydride or carboxylic acid groups. These acid



(Hor sham PA) incl ude VI SCOPLEXTM 2- 360, VI SCOPLEXTT 2-500, VI SCOALEX{NAM
3- 540,MW§§XTT 4-671, and VI SCOPLEXTM 6-054. One di ffeFg8a@0pat ween
and ve 1

m neral ol getable oil is thaj; the fornmer is 10 predom nantly
non- pol ar hydrocarbons whereas the |atter has polar ester functional
groups. There is lack of dispersant/inhibitor (D) packages forrful ated
speci al | y gmupusen thant be corvensddopmides D Jeackion evih jaspimaer e#htice, The co-

[ | DI _pack . i hodi f,th l.atd on. .. |
or der t o SBYNBTIFEG DA SHARSI BUSRRdecrrr: Arenabit B MR AR 40"
to about 3 fg%g{ &ﬁ% uGhHbh | ApELAHP thd! pELUSEAE id 55 SherieAP rdorile! with

pol y-a-ol efi°n syn trcolls are ed wmth the vegetable oil to

| oner the c@ali@firchonalhgouRs Thid, 'RMAI pely@es att often asel hoblegdsneowusnpalites

di spersant/inhi bitor additive package nmay be added to the lubricant to
break § nswhetsl istepeotion gir geaction exfde Menleie @nhyifidecproriienifer desaablspgripgat of
particles. Particles ar kept finely divided,so th t he Ry {

di spersed ®e¢ol I%Bma BN ﬁ‘ctjg&?iaf\qe P%m(gfqla_tl?yzavai.ﬁéle fiGih REFVAR USa

di sper sant i} gl B 4ok @g@?é MSCBREEA0 )L TPLeECOBREX T 0. 50, FISCOPLEKOM.

about 6 to mor € preferred from about 8 to about 16 wt %

and nost pEgd &/ 5eHPLE 4ab0ubnd O18CORDENIM 4594 % Detergents and

di spersants are polar materials that serve a cleaning function. _
Det ergents incl Qde diffemincs Hebwoeeat esneraletdl arslavegepitde exl andhatethal former 1s

t hi ophosphonates. 25 Di spersants include pol aﬂi ne Eucci @i m des, h drny
benzyl 1Gol peedpmemntlpnopapalere hudrosahnans &é@{eaﬁdﬁ?/ I oR3S BOREISICE FEE‘E%:%

and pol yam ne am.de_ i m l,i - L i th
i spor sant ERR 1] e S ROG PR Mg e sFRbRS AR Bp BB ARARLA Y R BE a2
aci di ¢ con{,gHitia Mot ipblat RegQhble ek Ormhetdiey, beteitonal MBlopatkhgesande fatd iput

of the oil, formng a sludge. Neutral or basic conpounds are 30 created
whi ch can embadiments ofutpdiosnelatipnm tlheorden to salwnlizacrmensions Pl padagesy in

contain from aboul t 0, about % t ergent.. Sui.t,abl e _ashl e

di sper sant §°&F@?‘? At %’8@‘, I@m%@ &Of‘lz‘?f gé%p?lot,o %&S’P%F‘k"é‘r{‘&fa‘ Slﬂs Oﬁgirr%lfped
pol yal keny > L ¢ ’ QURithShél€ehieble foi oD Rwed th&A
ol efi nf‘fv&%%ﬁyy@é@r@?,@@&ﬁ?t %862?%%3%151%2&%5 htUN 200% egpéci ally

pol yi sobut Eﬂmfityhalvﬂcﬂ@s@tirﬁglﬁﬂmexreamraxgbhdmémudnsr wei ght of about 7,000 to
50, 000. O her well known dispersants include the oj| sol Hb&

ol yol
esters of hydr&éﬁb@ﬁﬂf%ﬁéwqrm@dﬁ@u%ﬁﬂ%méﬁrﬁ?cﬂqdﬁé,‘0é.‘i;.“%“%a"tyto break
ol yi sobut en uccj.ni c_.an i de ; ..Qj i ;
act one oxioaerape S ohi oBht R s PR b MRS PR g

succi ni ¢ apBydideRedidtddb t§4RRey Edhl RehaaNiiogerddcavollisidalioSusghdéd mdhe oil.
pol ymers of" ethyl enepropyl ene with an active nononer such as maleic
anhydr2@e he clispeesgniimhibitor shditive gackagd inipreferbboitbrn Gmaat dloky plegwd 6 to

PO YA N, o ot prafted théhe abBS & IPESo R 18 w9 Aot prltcAk s Al S
about 10 to about 14 wt%.
Detergents and dispersants are polar materials that serve a cleaning function.
Detergents include metal sulfonates, metal salicylates and metal thiophesphonates.
25  Dispersants include polyamine succinimides, hydroxy benzyl polyamines, polyanﬁne
succinamides, poly.hydroxy succinic esters and polyamine amide imidazolines.
Detergents are generally combined with dispersant additives in crankcase oils.
Detergents chemically neutralize acidic contaminants in the oil before they become
insoluble and fall out of the oil, forming a sludge. Neutral or basic compounds are
30  created which can remain in suspension in the oil. Lubricating oils ﬁypically contain
from about 2 to about 5 wt% of detergent.
Suitable ashless dispersants may include, but are not limited to, polyalkenyl or

borated polyalkeny! succinimide wherc the alkeny! group is derived from a C; -C,4 olefin,
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solubilize the nolecule in the lubricant base stock, while the po
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var ni sh/ carbon/ sl udge formation as well as al ready-forned
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"solution"” in the basestoc ready-formed depqsits ar ned
of f thed metubstiBued Bicawi QAR r'ggraﬂgéééub%tt?ﬁ[ ?W@%ﬂﬂéﬁ@ﬁwfﬁbs@ féﬂ%d
deposits r c t
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cont am nanfigthes Oehdi€d Olvith Nlséhdieotiradi ARG lenklOp&Slyiine, Neyr@he- mzﬁeiclsalﬂllyHMdc

drai ned well before this happens. Lubricant oxidation is a chain
reacti on cpelgedrspost-tractedawith dpokutls @rrcbaromygmd thalder with the |ubricant

base stock. Oxigdation results in the f on of. hi ul ar ht
0i | -i nsol ubl e pONSPREARL FVI‘?&?EYC%H{“@&% ?'%( 85 %‘r%‘a%é%‘gg?fgﬁ%laé‘ha@ Igng
guns T, I r Vi, 8¢ I

The Tl neehlB R Bo R gl FRE R B ol AT
fromthe omytgemjtﬁtcbmcﬂasemtdch,ewhﬂmmeqmm groupheereesi td attragh therpildsi ctootasmnants

function either to destrog free r d| cal s _(phenolics for a%
deconpose fereltipgrisamdds Fﬁ:‘?’ﬂésbrﬁ?' dpMiBPs ) 1gpersant forns|

oxi dati on {u)}:gug??lf He ﬁﬁ%ri?:?.lé eg% S octkh?hjcﬂbcfo'ngaqlma E%E@Jepélal' tcﬁlgcirﬁamsbé}?és

and vi scos?t owng 1t unction properl

interval . &derlsbmeentdios V\?@T@%Bﬁt/amﬁmn&l tmreseaddmimmmpaﬁd(p@duus of bk 6
9850UTM from LUBRI ZOL (Wckliffe , or LUBRIZOL 9850TM The contents
of DI Packebeh sre asg?&n@lramwo aarprs@{nart@méﬁﬂng@e‘@rr@@uonb%twa% aapirgadyolermaet

an anti wear a as, Z 05, WO 03/ 027 RCI/ USQ2/ 33
19 (Zinc %4l E[}Frbé?f‘#ﬁfd&ﬁﬁi@% tiS‘e d‘éﬂeré?f??od&?rﬂ'gﬁ[“s aEhe él f cscin normgﬁ‘izne
type anti 05%5@%&1@ %11@%‘@5&?%@3@%%%@%1&%& osttiBe OfmefAheat ehstomer

di spersant (polyisobutylene succinamde); a corrosion inhibitor; a rust

i nhi bi t or, su\afdces. Baotbrthewdsdended pamuesots arid)dmorsgs reagielyt pasetthrough lsemmonly

suitabl e di spersantll nhi bitor additive packages for.gasoline and dies
engi ne oi | sesrfdteeRENiimatawy (i Oﬁﬁ)ar%Fﬂi“gh‘Pﬁr FEIEL%&?WS(E‘E Y, p'gk

(i 8 8@@%&&&?@%3@@%&@6@ o AR PR Rl e P TH
Efﬁég\; g_[Bbéfore'l}}{)S,hagﬁalsLUBRl ZOL 20, 000TM and LUBRI ZOL 20, 000ATM

ot H]éce?lar

Lubricant oxidation is a chain reaction causcd by the reaction of the oxygen in air
with the lubricant base stock. Oxidation results in the formation of high molecular
weight oil-insoluble polymers. These can settle out as sludges, varnishes and gums.

25  They also cause an increase in the viscosity of the lubricant. The function of the
inhibitors is the prevention of the deterioration from the oxygen attack on the lubnicant.
The oxidation inhibitors function either to destroy free radicals (phenolics or amines) or
to decompose the peroxides (amines or ZDDPs) which are involved in the oxidation
mechanism. As a result, the lubricant retains its cleanliness and viscosity allowing it to
30  function properly over its drain interval. '

A preferred dispersant/inhibitor additive package is LUBRIZOL 9850U™ from

LUBRIZOL (Wickliffe, OH), or LUBRIZOL 9850™. The contents of DI packages are

generally a proprietary secret, but usually contain an antiwear agent, such as ZDDP
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10 Pour essa s are denéral ly in anbunts of from about
0.01 tg abi(ﬂlﬂlibitors and anti-foaming agents.

Typical antioxidants are aromatic amines, phenols, compounds containing sulfur
or selenium, dithiophosphates, sulfurized polyalkenes, and tocopherols. Hindered
phenols are particularly useful, and include for example, 2,6-di-tert-butyl-p-cresol
(DBPC), tert-butyl hydroquinone (TBHQ), cyclohexylphenol, and p-phenylphenol.

20 Example of amine-type antioxidants include phenyl-a-napthylamine, alkylated
' diphenylamines and unsymmetrical diphenylhydrazine. Zinc dithiophgsph;tes, metal
dithiocarbamates, phenol sulfides, metal phenol sulfides, metal salicylates, phospho-
sulfurized fats and olefins, sulfurized olefins, sulfurized fats and fat derivatives,
sulfurized paraffins, sulfurized carboxylic acids, disalieylal-1,2,-propane diamine, 2,4-
25 bis (alkyldithio);l,3,4-thiadiazoles) and dilauryl sclenide are examples of useful
antioxidants. IRGANOX L-64 (Ciba Specialty Chemicals, Tarrytown, NY) provides a
mixture of antioxidants that is particularly useful. Antioxidants are typically present in
amounts from about 0.001 to about 10 weight %. In preferred embodiments, from about

0.01% to about 3.0% of an antioxidant is added to the lubricant. U. S. Patent Nos.
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more of overbased oil-soluble calcium, magnesium and barium phenates, sulfurized

phenates, and sulfonates (especially the sulfonates of Cyg -Cso alkyl substitited benzene

25 or toluene sulfonic acids which have a total base number of about 80 ‘to 300). These

overbased materials may be used as the sole metal detergent additive or in combination

with the same additives in the. neutral form; but the overall metal detergent additive

should have a basicity as represented by the foregoing total base number. Preferably

they are present in amounts of from about 3 to about 6 wt% with a mixture of overbased

30 magnesium sulfurized phenate and neutral calcium sulfurized phenate (_obtaincd from Co
or Cyz alkyl phenols).

Suitable anti-wear additi.ves are oil-soluble zinc dihydrocarbyldithiophosphates

with a total of at least 5 carbon atoms and are typically used in amounts from about 1 to



succinic acids or anhydrides such as dodecenyl succinic anhydride. T3 JUN 2005

Anti - f Qafyagahild ves reduce or prevent the formation of apst/abdssosis face
foam and are typically present in ggmounts from about 0.01 to about |

wt % Pol ynet hyl sil oxanes, 15 pol ynethacryl ates, salts of al kyl ene

di t hi ophosphates, anyl acrylate telonmer apd.pol: - ' .
et hyl hexylag@ﬁyﬁ e dy- serghit g)éh‘eil aé’t“é"}“ea&r@ﬂ’jfb%-sl M@Fn@ﬂ@%@?ﬁ?l&eso?nd n
anti-foam additives, .. i f-d I Yl kQh oMty isigiasd Loy
mi neral  oPPSCHRLHR fi@ﬁ%ﬂI&é{h?d}%?gﬁaﬂmg?agg@glﬁ% F%&gragparesa Tarl rrr}f;mge
of SAE gragas "Ri@Hhekpifte Whie0sid YIkef s@dvircitaoiet iAne-wedrl additives asisorbi end i n
SAE (Society of Autonotive Engineers) viscosity grades represented 20 by
nunbers sucimlasnd@@rovide a6imTthet Hedypesr metrb-tormeldreontase Impenesal, AR WHeT

and the greater . it's effectiveness in _high tenperatur e i L.ower
unber Sd°engivesigetud ana FalidBGRRe el sl T BRI ARG EbARShR)'S
climtes i r didpdifi®Qrtbimate." W mar k next
to the grgglggro XSHIQP(()V?] t ugf”ggﬁia%pe@ww%ﬂiﬁ‘éﬁ aldg@oillé 5\r/\kx, 10Wkx, 20Wkx,
etc. are suitalpuet fighibhetshplovsut asuefabésghgdivstpeisatand eincbiddi alkplasceins type

Lubricating oils nmade specifically for industrial i;ge pE{ra]tve.t hei r hereof
Vi scosi t y ocdaaiss atide cangy deri @ ves rhapefaallphtuoaesiifa At digh dpgyatives thereol,
St andardi zation) grades. To prepare a w.de . f E.QH;a5e ST S
hi gh and BT SRORT TRIHe PSPy PRPLYdric icihety Ol oK y

frienghy | LAY - R U nibirod aAdempRY & inO¥dr$ sinABtpropiatiokesuk lab éeadabout
i ncl ugg Qf\kﬂ%b 5W3%,§910W30, aand %%46 Ia&;neralp o[imlmg from30 Goup.lto

Group V arel pr sfcar i edt% Rridf eritabte meampiteorubengiexemplified by Gnrlan 3lgmatic
i ncl ude: WO 03/ 027212 PCT, 58024?302 3,22 1 5 JUN %go% Jable 4: M neral
O l's G oupuESHRBFIES RF ANDYGrCEs suph@s dedecrpyl sucpIdis aniy ¢e%st v 11 EXCEL

100- HCT" 20. 85 A..: ; _HCT : Bl andICTM
111 12.3 100 @tﬁz‘foj“%%%%év 5%F%§$’f ‘g‘lggt. %ﬁ%@lﬁﬁlﬁgﬁéﬁtsmwlﬁ% 7.4

7.7 129  laid ¢t RN OB AU fidnbatdul 801 th labo@HEMEYoxBvlymethylsiBrgngs, 148
EXCEL 100-H 230- HCT", and 575-HC(err) ﬁre G oyp || m'%er al %il de
by PHEENZ@olnatErasTspits cbpttxlere AHBIGRPEsRNAtES)AMN AFRAYE 18BN 20N

T' are Gup LI mineral oi y SERblks o RIERA RMRON
UCBO7RTM i"g“@‘%‘y@%%eﬁ%l etﬁﬂn“‘é?ﬁ?‘%?‘%‘%ﬁ@%%%q RON SHELL XiMi (err)’
is a Goup Il Addigsaltlyobl mirmgdeiidtyarghietv visdoeny anheréooijrainythe Mrmetagionoit | s
are used generally in anounts of from about O to_about 40

f ol | owi ng vessaupsible tepesnard 4 fullernetiPhihE STasle AT iy ISP #ﬁ%@uég‘%ﬁa@

oil is classified in SAE (Society of Automotive Engineers) viscosity grades represented

20 by numbers such as 30, 40, 50. The higher the number, the thicker the oil and the greater

it's effectiveness in high temperature operations. Lower numbered oils that are thinner

oils with low viscosity are used in cold climates as they flow more easily and are

identified by a "W" mark next to the grade of oil on the package. Multigrade oils SWxx,

10Wxx, 20Wxx, etc. arc suitable for both low and high temperature conditions.

-:25 Lubricating oils made specifically for industrial use have their viscosity classified by
ISO (international Organization for Standardization) grades.

To prepare a wide range of SAE grade motor oils, high and low viscosity mineral

oils are added to the environmentally friendly lubricant. The SAE grade motor oils that

can be achieved include OW-30, 5W-30, 10W-30, and 10W-40. Mineral oils from

30 Group I to Group V arc preferred. Preferred examples useful in the formulation include:
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EXAMPLE 1 ‘
Table 5A and Table 5B provide the formulations and physical properties of

lubricants using polar ester-type viscosity modifiers. Formulations A to C used
LUBRIZOL 7764™, which 1s a polymethacrylate copolyme:', and formulations D to F
15  used LUBRIZOL 7785™ which is a polymethacrylate copolymer dispersed in vegetable
oil. The dispersant/inhibitor package was LUBRIZOL 9850U™. The pour point
depressant was Viscoplex 1-3004™. The mineral otl was Yubase 150N™ and the
synthetic ester was Emkarate 1130™. The vegetable oil was AGRI-PURE 560™.
Table 5A: Formulations A-F

~

Formulation A B C D E F
Component Description Wi% [Wt% [Wt% [(Wit% [Wt% |[Wit%
Lubrizol 7764™ Vil 1 £.5 2 0 0 0
Lubrizol 7785™ Vil 0 0 0 1 2 3
Lubrizol 9850U™ (DI 12 12 12 12 12 12
Viscoplex 1-3004™ |PPD 0.1 0.1 0.1 0.1 0.1 0.1
Yubase 150N™ Group 111 o1l 25 25 25 25 25 25
Embkarate 1130™ Dibase ester 20 20 20 20 20 20
AGRI-PURE 560™ |Modified vegetable oil |balance |balance |baiance |balance |balance [balance
Total wt% 100 100 100 100 100 100

20
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EXAMPLE 2
The following formulations in Table 6A were prepared using an olefin copolymer

type viscosity modifier, LUBRIZOL 7075D™ in place of the polar-ester type viscosity
15 modifier used above. The physical properties of these formulations are provided in Table
6B. The formulations were clear and homogeneous at ambiént temperature. However,
when attempting to measure the gelation index in formulations G and H according to the
ASTM D 5133 procedure, the viscosity modifier was found to separate and stick to the
wall of the test cell during the chilling process, whereas formulation I stayed clear and
20 homogeneous. This suggested that the formulation using the olefin copolymer type
viscosity modifier, LUBRIZOL 7075D™, may be limited to about 0 to about.6 wt % in

-,

the formulation.

Table 6A: Formulations G-I

Formulation G H I
Components Description Wit% W% Wit%
Lubrizol 7075D™ VIl 6.3 7.98 394
Lubrizol 9850U™ DI 12 12 12
Viscoplex 1-3004™ PPD 0.1 0.1 0.1

Excel 100-HC™ Group U ol 0 25 0

Excel 230-HC™ Group [T oil 25 0 0

Excel 575-HC™ Group T oil 0 0 25

Emkarate 1130™ Dibase ester 20 20 20 _
AGRI-PURE 560™ Modified vegetable oil balance balance balance |
Total wt% 100 100 100




MRV YS wéaiG087420 Scanni ng Brookfield Tenp. @0, 000 cp. PAITAIS2802331. 9C
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INA NA -12 Formulation | is an SAE 30 grade lubricant. It is possible

to raise the viscosity of Fornulation Ito SAE 40 grade by increasing the
non- bi odegr adabl e heavy oil, such as 5 Excel 575-HC,
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modi fi ed Yaggetabl e oil 10 (AGRI - PURE 56(QMR) . Tabl @9%7B di sc|l¥ses t e
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VII 3 28 1 cyﬁung F0O0 1€ emp.

et omic tbt+2o-9850UT D12 42712 NeLopl ex |.3138904 'V PPD
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Gl 00 25299900 5t 0 . N NTA! GUNE p
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5 Excel 575-HC, which would decrease the biodegradability of the formulation.

EXAMPLE 3
Table 7A represents blends using a combination of the ester-type and the olefin

TA

efin

I11
and

(@)

btt'ah’?\ZG 62 A/—\bﬂl- RE5607"
0 ai v‘r% ng_ 100 J. }‘255 Tabl e 7B:

N

'.A
o b

"

copolymer type viscosity modifiers in a base oil comprising Group 1II mineral oils
(Yubase 150N™ and Yubase 240N™), a dibasic ester, and modified vegetable oil
10 (AGRI-PURE 560™). Table 7B discloses the physical properties of the oils in Table 7A.
These formulations pass the GF-3/API SL gelation index specification of less than about
12 and meet other physical properties of a SAE 5W-30 grade oil.
Table 7A: Formulations J-L

[Formulation J K L
Component Description wt % wt % wt %
Lubrizo} 7785™ Vil | 0 0
Lubrizol 7764™ VII 0 1.7 1.7
Lubrizel 7075D™ Vil 3.28 1.89 1.4
Lubrizol 9850U™ Dl 12 12 12
Viscoplex 1-3004™ PPD _ 0.1 0.1 0.1
Yubase 150N™ Group 11T 01l 25 25 . 0
Yubase 240N™ Group 111 Ol 0 ] 25
Emkarate } 130™ Dibase Ester 20 20 20
AGRI-PURE 560™ Vegetable Oil balance balance balance
Total wi% 100 100 100
15 Tabie 7B: Properties of Formulations J-L
Physical Propertics Test Method J K L
KV @ 100°C D-445 10.3 10.5 10.53
KV @ 40°C D-445 51.8 52.9 53.52
Vi D-2270 193 194 191
Pour Point,*C D-5950 -47°C -47°C -45°C
-3Q° D-5293 - 3540 -
ggi(@@ -igé D-5293 2050 2090 2230




15 JUN 2005 WO (13/0 2 7 2 1 2 PCT/US02/ 30233 25 Physical Propertbé8N 2005
Test I\/e\t,vg?q 742 L HTHS Viscosity, cP @150C D-4683 3. 42 pg1Akeds@ss MRV
TP-1 @-35C D4684 9800 10400 MRV ¥§ -35C D-4684 - 0 0 MV TP-1 -30C
D- 4684 3800 4600 4800 MRV YS @-30C D-4684 0 0 O Scanning Brookfield
Tenp. D-5133 @0,000 cP -31 5C -33 4C -31 _4C @ 40-008—eP—32-FE~34-3C
232, 2C  GHihagi¢abPropertiesx D 5133 10 ATestMathad) g | at i-or KTerrp B-5133 -31
C -34C -S‘HTZ{S VidOMOIP@ L BEE | | ty, WD 30ss D 5308 NLA. 2337 N/ A’ 3t at 1700C
( Sim DigeRYTPAEBBTAVA 5.1 N A [BAMPLE 4 Foroul ati 8800 was L Hpgﬁd to
i ndependem¥RY ¥St@ 16°d aborat ories flBroASTM D- 6335 Therlfn- Oxi daf’i on _Endi ne
O | Sinul aROmPT@BHBCTEOST), and ABFMID- 5864- 938005 Bj gA8r adahjbi%y t dsts
were perfouredsa -3BB O | Resear chbidsg4Bel gi um|0 Resul t silare shojfin in Tdbl e
8. TECST IR¥nbg Brorfe Tem. det er m nbigest he pi ston deposjit contrpl
capabi | i t Ye@hodote MoTOr oI T. Accoriding to the |GHS3CAPI|-Sl4°6pec]-Bl €atign
the total rgER@sLy TH TECST 1S 45 |ng maxi mum |Aogec di nNgid pct hel ASTH
DhS%4- (5)95 S cMaeiUdUI Py Uest,"[pisifne carbam i oxi deo s el eas B091 s hijgher
E)i 3366943 L(-Z%‘laltla'ﬂ Y 40°¢my>) T the pail;al s 1 eual i Tli.egdcas eps? by _
g % vcﬁalfl'hg‘@ﬂ‘y gslﬁﬂ:,u_‘a r\[l)Sg,O Test vegaod K [1gUST, pyRlI Deposit

D-6335 116 H-tyB-5864-95 62 Wt[?:% To TREUCE N
cost of t.hé“)i'E lﬁPQ‘QjSm‘EDIS}f,\ tp—HH ’Pllaﬁcl at—ot \JmlArr :xoulplle 3—Tan Jge loe
replaced by Goup Il mneral oils, such as Excel HC or Exxon HC

(hydro-conversion) oils. Table 9A EXs¥YIB&ds4fornul ations, in which the
different viscoBirmplagioadésvast submotgl blindepdndenietestingsabomtesics for ASTM D-

t: Egb %F?&éﬁé‘aaa%ZT%@“ﬁ%ﬁégﬁat 1 STaBReaed Sk dng ASRYRERR
f or mul |o]% gggr%ébqﬁputs%f'tr :ﬁ’% Ieﬁ&ﬁﬂg& l(;‘qunﬁTtg?ll%%ea&ﬁ lﬁ?&rrgmgfl g%@%ts e
repl aces td@wh Bamshic & 64BAST tnhay be useful in dctermmmg the piston deposit control
capability of the motor oil. According to the GF-3/API SL specification the total deposit
in TEOST is 45 mg maximum. According to the ASTM D-5964-95 biodegradability
test, if the carbon dioxide released is higher than 60% (within 28 days) , the material 1§
10  qualified as easily biodegradable.
Table §: Formula K

Test Test Method K
TEOST, Total Deposit D-6335 11.6 mg
Biodegradability D 5864-95 62%
EXAMPLE 5

To reduce the cost of the lubricants, Group IIl mineral oils in Example 3 can be

15  replaced by Group II mineral oils, such as Excel HC or Exxon HC (hydro-conversion)
oils. Table 9A discloses formulations, in which the different viscosity gradesof Group Il

oils were used alone or in combination to make wide viscosity ranges, of motor olils.
Table 9B shows the properties of the formulations. To enhance the oxidative stability,
additional antioxidants (i.e. Irganox L-64™) can be added to the formulation as

20  illustrated in the formulation Q . Formulation R replaces the Irganox L-64™ with
NAUGALUBE MOLYFM 2543™ (Crompton Corporation, Middlebury, CT) which is a

multifunctional friction modifier, anti-wear, and antioxidant additive.



NAUGALUBB avid¥fib! 2543T"" (Cronpton Corporation, M ddl ebuCT/AGhR/3ud35 h5 i
a rru! tifunctional friction nodifierz anti-wear, and anti oxi dant C] JEN 2005
additive. WD 03/027212 26 PCT/ US02/ 30233 15 JUN 2005 Table 9A:

Formul ati ons MR Formul ati on M SA 30 5W30 | OW 30
able A Farpta A K Ron o

| O 40 10M40 | ON 30 Conponents ow %w % w
% DI, Lz gﬁ?&dﬂggﬂl? 12712 127 T2 T Wi dcopl ex 1p30Pp4 PO 0Ql §. 1rO.
g- 10.1 Ol Grde /0% T T 7 172 T ok 1sw-30 | low-DIIbW-Mk0vB48 [Hwb3d)) 3. 3
.3 3.3 e et O MO oA OT RR%l0 [ Ulvéds ERRE 4o, HC [aepup| 11
Gl 020 T A L;“!“'Jﬂﬁ';?i*lf‘”“ i(f damiy;— - f;- O.[); - Egkaraip
RN (= i T AR A T
. T /A et Yo\ ke I 9] eyct |
bal ance b éﬁ@é bal-an llbal aree—bal l'.'Zce Lwarwi'] Tot 1|}’7 it Tu'?uu 0016
ﬁ‘qz-! _T 1t n?‘j . 0.— (W] 3 3- : -
100 100 1 _Pr gpertes—of ForfHat-opns—M-RPhysical—fropertii es
MNO P Q cel ! 1! 5W.30 !Zb.A,fSC ON-40—-OV A-36 i\vl @-100C
10. 03 10. {Exeal A7HC 13 Wwoupdl @&l 9 9 1K\ %@ 4002 %9 3 35?4, g BY% o 7 55; 75?8 55 6
VI 196 17@z268 LitA7 176\?E‘B@ampnur Point Cl=45 -7 _133/-45 < -éo < 54 G @
- 30C 3220 |Emkarate3 530 @BSW‘SQEC . o8B0 - 120 Fo @ @1280c 129 2168 233
2020 HTHBaveawbesity, Feﬂlosﬁ@f?lﬁg. 37 B.43 4 3.4 "'150C MRV TH1 @A %oc
17, 600 - {MolyEMRRY Y A@oddamto - - L NMRV/ITP-| @.35(Q 141000 17800
MRV YS @ {@&ill AP960  _ |Mpdifisineegtamlejoilghalanse: balance; [bajgpre 1 [palansp ' |balance |balance’
Total wt% 1100 100 100 {100 |100 100

Table 9B: Properties of Formulations M-R

Physical Properties M N O P Q R

'|SAE Grade 0W-30 5W-30 10W-30  110W-40 [1OW-40 |10W-30
KV @ 100°C 10.03 10.15 10.28 13.42 13.5 9.9
KV @ 40°C 493 548 57.8 779 78.8 55.6
Vi1 196 176 168 177 176 165
Pour Point,*C -45 -51 -33 -45 <-50 <-54
CCS @ -30°C 3220 - - - -
CCS @-25°C - 2860 - - 4260 3550
CCS @ -20°C - - 2160 2330 2510 2020
HTHS Viscosity, cP 3.27 3.37 3.43 4 4.08 34

150°C :
MRV TP-{ @ -40°C 17,600 - - - -
MRV YS @ 40°C 0 - - - - -
MRV TP-1 @ -35°C - 14,000 - - - 17,800
MRV YS @ -35°C - 0 - - - 0
MRY TP-1 @ -30°C - 7,600 11,300 10,000 |-
MRV YS @ -30°C - 0 0 0
Scanning Brookfield
Temp. M
@30,000 cP 233.8°C | -31.7°C | -33.2°C | -27.7°C | -30.5°C |-28.7°C
(@ 40,000 cP -35.1°C | -32.4°C -36.5°C -29.4°C {-31.4°C |-304°C
Gelation Index 9.4 3.4 7.8 7.3 8.4 6.2
Gelation Temp., °C -34 -33 =25 -7 -32 -10
NOACK volatility, Wt|12.8 9.29 6.66 7.2 72 8.2
% Loss
% off at 700°C ( Sim.|9.8 4.7 3 3.7 6.1 5.1
Dist.)
5 EXAMPLE 6

The formulation Q was submitted to PerkinElmer Automotive Research

Laboratory (San Antonio, TX) for high temperature TEOST MHT-4 Thermo-Oxidation

Engine Oil Simulation test, Homogeneity and Miscibility (H&M) test, Foam sequence I,

II, and I1I test, High Temperature Foam test, EOFT (Engine Qil Filterability test), and



MRV YS @-30C - - 0 0 O - Scanning Brookfield Tenp. @30,000 cP -33.8C
-31. 7C wa3267127. 7C -30.5C -28.7C @ 40, 000 cP -35.1C - 3%14@9:/3@3505JUN 1005
-29.4C -31.4C -30.4C CGelation Index79.4 8.4 7.8 7.3 8.4 6.2 Celation

Tenp., C-34 -33 -25 - 7 32-10 NOACK volatility, W 12.8 9.29 6.66 7.2
7282 Loss % of f _ at

EXAVPLE 6 EfW THovERgins: ‘PM byr@}aifﬂ%%r ?ngagf%tqégflég ﬁ% #ﬁ%wﬁ% ‘F%}E(? oil
Resear ch h@f L8 Eﬁmgg'%n’%gﬁ‘ﬁrgd‘h@simbT&hEﬁ hli?écgﬂoth%fmﬁéfé&ﬁ& %E@Tam 04

Ther mo- Oxi® ation nogeneity and Mscibility
(HeM t estdusc'l:&:@m}&%biﬁ&CGA&oordlhg to ABIMIT 4485990 HhalvilTeepe ke bewhHearof
test, ECOFT (Engine Ol Filterabrlity test), and WD 03/ 027212

PCT/ US02/ 3(BIBL. théinidiuh pafiomande EOWRTd.(Engine O | Filterability/ water
tolerance test). In the H&M test, the tested oil shall remain
honmogegeous and mi sci bl e when m xgthbi¢ 10t Mmutei@rence oils. Table 10

di scl oses the resul ts. According to ASTM D 4485-99b, the oil neets the

bench tes; escr G of thalTely T MU DET T BT GRaS | PrReet © JGRS Binkip:. _Hormula Q
Descri pti S Feni & mmwﬁegw_;rmmﬁ?bﬁ 1 secation L [d0h Sepatakdl _
(Honogene bﬁx‘ . ; Ji ty)—T€St T dVGBﬁ’SLf\{i,U' r—on=separ dl/l O nmon-sgpar ati on
TEOST MHT#—=D6335M-4 Tn* a—bepostt—(—Roed—+Fittery2 6 451y (nmax)
Foam Test | GE Rbdy Lueﬂe& f-oarAl 2/136c L Laﬁax /
Sequence |Fe2m TesbGh ng/ setting 0/0 BF%ax 10 :’Qequencg i :
f oami ng/ skt Sraepenl oTMEAERNg 0 High T % Foam Tesd™ - R0021/ / Foam
Tendency R0 Seauerpell . fopmi Ng Foam Stability 0% 0 ecePYBEdlne 6 |
Fi | t er abi | i Syaudrsstlh foamproyeePp / /| % Fl ow Reifffeti on 241 8m8e0 (nmy)  EOWT
( Engi ne OHighTempertabFbant Tes\at er GMDEI8DP / / |/ /
Foam Tendency 20 ml 100 ml (max)
Foam Stability 0 ml 0
EQFT (Engine Qil Fiiterability Test), GM 9099P / {
| % Flow Reduction 24.82 50 (max)
EQWTT (Engine Qil Filterability/Water  {GM 90997 / /
Tolerance Test)
with 0.6% water 19.69 50 (max)
with 1.0% water 15.53 50 (max)
with 2.0% water 17.05 50 (max}
with 3.0% watet . 12.36 50 (max)
Gelation Index D 5133 8.4 12 {max)

EXAMPLE 7

The R formulation was tested by a modified ASTM Sequence VI B Fuel

Economy test in a Ford V-8 4.6 L engine mounted on a dynamometer as follows:

1. The engine was drained of existing oil and a 6-qt. quantity of test oil was
10 run for 10 minutes with a fresh filter.
2. The engine was allowed to drain and a new oil filter and another 6 quarts

of test oil was installed.

3. The engine was then started and an aging cycle was initiated 10 seconds
later.
15 4. The aging cycle was designed to mimic that of the sequence VI B aging

with the following parameters: 1500 rpm, 71.4 ft. lbs. torque (load) for 7320
seconds, 18.9 fi. Ibs. torque for 1920 seconds, 71.4 ft. Ibs. torque for 100 seconds
(total aging 9340 seconds), 212°F coolant temperature, and 220°F ol

temperature.



Tol er aneeo m@ti1zwi th 0. 6% water 19.69 50 (max) with 1. 0%et/esoal253 150 jun 2008
(max) with 2.0%water 17.05 50 (max3s8 with 3. 0% water 12.36 50 (nmax)
Gel ation Index D 5133 9A 12 (nax) EXAMPLE 7 The R fornul ati on was tested

by a nodified ASTM Sequence VI uel. Ecqno test in Ford V-8 4.6 L
engi ne mounted &n a @ﬁﬂ%i‘%@@r"%ége RGNS G¥ES e hﬁﬁ'ﬁvaé'ncd'icﬁf’ewﬁ%@m&uﬁtieﬁggm%f
existing oil and 6-qt.. i . -0l s torun for 10 m nutes
with a fresh fif”%%}l?' Sg'.%Wfﬁ%%gtﬁgpﬁe[ﬁ&ég@zflfrg%?\ﬁ?o drain and a new oil
filter and anotper GFguaWing thefhigBwhy Pytlenasmenst(altypdycld. wahmitmed néemas

then started and an aging cycle was initiated 10 seconds later. 15 4.
The agi ng cycl eexmmtly daningtesf e ®Ofirpingdletveith @foadhe sequence VI B agi ng

ith the fol | ow ters: 1500 1.4 ft. Ibs, t |
7520 ' Seconds. 16 0" Folovise. teomiatia HBIS S tsieonas opped T ppd whe!
torque for gfa%%giﬁ@%@%ﬁ})ﬁ&%%kﬁ@‘gétqga‘q'% @gg%%ter%@ craQPELIR000 gallon

t enper at ur tenperat ure. 7212 PCT/ US02/ 30233 15

JUN 2005 %ﬁ%i& whler hekdé Bdhsidterdttd cach dgy ofrkeng th83°Ri gViswy pegssire, faab
conducted after exactly 5 mnutes of a 600 rpmidle with no | oad. 6.

Fol | owi ng peeifli graviay and clativeahuraidity were rgoordsglcand guderefl Anto; the dynarperagpter

exactly 5 mnutes of a 600 romidle with O load. 5 7. Following the netro
cycl e, t hePBgPFachAY SEHREEYFISAd test oil was drained and sanpl es were
t aken t hat ti-ae.. [ : r gl Rgiowat er
t ank) Were cons:rg?gr%?g\%y gg%‘l\éﬁé g‘;ells%?r@gés??)ggﬁg?ﬂdgggae%%I?&pﬂ%s?u{%,o fuel
speci fic Oh@vihiun anet 350, atdxneuimuingil 840, Weddevaredofroted S an@ 8eft los.e dhe Matrd he
dynanoneter prior to each day's test sequence. /10 The H ghway cyg¢le
consi st ed ofcla caogstsdadnd S8 ciesopd.olgvammie s ord| ¢xslts ProgRmmet s &%0“@50,

maxi mum rpm. 1840, | oad Vvaried from. 0, 28 f1. . pThe, Mat .
consi sted BFMEUSHP e %d?a’ﬁ"&wf‘r‘a’ﬁ‘i‘-aﬁ’3b1 183‘2 vé%}%q g[t%?)'}'oog{rz)a%dib;&'s %ﬁ%@\r}\%:
m ninmum 1 pF@adﬁl%Q wlB¥AKEH BebRMlngld28e ohQRGF @t BbgtdrRifd Gost Ocydfe drfd ranbfss
Em ssions readi ngs were taken gbegl nning at the onset of each progranmed
test cyxl etlanatitadurhivon ofléachhe entire duration of each.
The results show that as compared with a reference oil and a commercial 10W-30
oil, the R formulation reduced the emission, especially, the hydrocarbon exhaust gas as

chorwn in Table 11,

Table 11: Foermula R >

Metro Hydrocarbon,ppm {CO% | CO2% {1 02%

Reference Oil 590 .90 12.91 1.71

Commercial 10W30 308 1.20 12.89 1.50

Formula R 162 1.10 13.65 1.52

Highway

Reference Qil 141 1.10 13.22 1.14

Cormmercial 10W30 207 1.00 13.21 1.i18 ~

Formula R 93 1.20 13.90 1.16

4-Hour Aging

Reference Oil 117 0.90 13.40 0.94

Commercial 10W30 238 0.83 13.28 1.13

Formula R 111 0.86 14.08 1.09
20

EXAMPLE 8

Table 12 represents a range of SAE grade lubricant oils formulated from blends
using a combination of the ester-type and the olefin copolymer type viscosity modifiers
in a base oil comprising a blend of Group Il mineral oils (Excel 100-HC™ and Excel

25  575-HC™), a dibasic ester, and CARGILL modified vegetable oil, AGRI-PURE 560™.



The results show that as conpared with a reference oil and a conmerldi dUN 2005
| OV 30 woids2tzhe R fornul ation reduced the em ssion, especirdlsiy3omhe

hydr ocar bon exhaust gas as shown inYTable 11. Table 11: Fornmula R Metro
Hydr ocarbon, ppm CO % CO2 % 02 % Reference G| 590 0.90 12.91 1.71

Conmrer ci al,_, 1080 30 20 1 Q_F

H ghway ReférdiRessa 1"}‘1 bppr f Vi§a§(fgi“%ﬂ@f %ﬁ% |§I@%&@%§%‘ggt c}epg%szﬂg, 21
1.18 For 3 @Re 6314 in1ThblO1 00
T340 0. o sayinedblex 13804 TS 1 Hisclded AL Br iR G TR S I eI
14.08 1. OWheg@fcﬂﬁ%ﬂ&bﬁs&agﬁhPESLZgammnesém speaiffcatige otﬁﬂesSAlEangatlmdelZ and

| ubricant oils fornmulated fromblends wusing a conmbination of the

est er - t ypaneatdthenphysiea PFPI’@&FF@IfS?fn@Flf@Wf@PW@(,S@SE g¥dEodifiers in a base
oil conprising a blend of Goup Il mneral oils (Excel 100-HCTM and Excel
25 5755HCTM), a dibasic ester, diublCARS Fbhrmuobitioned-Veget abl e oi I,

AGRI - PURE 560TH. 1 5 JUN 2005 WO 03/027212 PCT/ US02/ 30233 29 The

di spersant/i MRiRkL@n addi ff ve package was [0 ca 5p00¥ apd whejpour point
depressant VIGSg ¥l.gcopl ex [I-3004. Table IZ2pdimcl Bseso t hewsity $ioeado
properties of c&'ﬁb%n&itsrs T [FRRhGion 2 TheSelut af MUlatj ONswmPass |kl SI
gel ation index specrficati|ge Of ess than ghpul fZoand|| ggeet [ojgher
physi cal prog '7 i _apPPT opr| atre- §.,%—_ gr q;g S5T1gabl e [3iggA
For nul ati ons E’xcel IOU!H'(EUI at- roquI 11U YV—SAE %@Ee gﬂ\b@u "%Vode' T 307 oW 40

Egm;ggggt \S/l | CEIJHS‘;IHE:“ AL - v'lp Cj ]VVL 4] VVL L 0¢ LiSYJ'OI } 36130 1 2:4_0&“014 51660
R assahe 2 gﬁcyve g g Sop TE T 2015,
0.00 0.00 Evﬁé?‘é‘,%uce el f"m 35 2
' ' Emkarate 1130 Hace coier ‘io i 2000 “foly {2000
Oloa 55007 DI 9.16 9.16 9.16 916
Viscoplex 1-3004 PPD 0.10 0.10 0.10 0.10
Total wt % 100.0% |100.0% [100.0% |100.0%

Table 12B; Properties of Formulations S-V

Physical Properties S T U V.

SAE Grade OW-30 5W-30 10W-30 |10W-40

KV 100°C, cSt 5.62 10.0 10.9 13.1

KV 40°C, c5t 43.3 46.1 61.4 72.9

Vi 215.8 211.6 171 181

CCS -35°C, cP 5420 6541 3 -

CCS -30°C, cP 3013 3260 6650 6734

CCS -25°C, cP - - 3530 3650

Scanning Brookfield Temp.

@30000 cP -34.9°C | -34.5°C |-30.5°C | -30.7°C

@40000 cP -36.5°C  1-35.9°C  [-31.7°C  |-31.4°C

GELATION INDEX 10.4 9.6 5.8 8.9

GELATION TEMP. -34°C -34°C -33°C -32°C
EXAMPLE 9

Table 13 represents a range of SAE grade lubricant oils formulated from blends

10 using a combination of the ester-type and the olefin copolymer type viscosity modifiers
in a base oil comprising a blend of Group II mineral oils (Excel 100-HC™ and Excel
575-HC™), a dibasic ester, and modified vegetable oil (AGRI-PURE 560™). The
dispersant/inhibitor additive package was Lubrizol 20000 and the pour point depressant

was Viscoplex 1-3004. Table 13B discloses the physical properties of the oils 1n Table
15 13A.



Cargi | | wAPEBE7M3di fi ed vegetable oil 45.54 45.54 37. 34 36RCHUSEMABate
1130 Di base ester 20.00 20.00 20.00 .00 O oa 55007 DI 9.16 9.16 9?% JUN 2005
ibéGOleggoglyelebﬁomzPPD 0.10 0.10 0.10 0.10 Total wt 9% 100. 0% 100. 0%

. 0% .0% Table 12B: Propert.i,es CFormul at i -V Physi cal
Properties ST UV SAE Gadepaﬁﬁeé%BEQTW@an?MO KVyIOSSC , esSt
9.62 10.0 10.®okdmatdon KV 40, ¢St 43.3 46. 1j6Iw4 12.2 VI 2%¥5.8 2%l. 6 171
181 CCS - 35UgAE2d20 6541~ CCS-30C, cP|odlid 52880 6 >ﬁﬁv-6[72mw-4o
CCS- 25C, cP 358 ¢, L SCaN[H o in00KT T el d [Lgsp. @rED00 |¢fs- 34wbl - 34. 5C

?g.gcs-go.?CM_ ~RRr OC - 357 9C - 3T7e - ST AT TEMATT Oed N X 10. 4
: : .9 PAT :54\, 34C33C - 32 EXGLE 91 g1 &2 353

4

represents a A —ade; Oﬂwr rTantgkhy T qeUT aygeh Tropsdrends 10
usi ng &, combl ST HheleRy o) YPe ST G o b CHR e gy
oi I's (Excel 1/58E! ra—E] "d‘_ﬁ*’g\,,ﬁ?ﬁ'@“ : Wg‘ad.ghg%g?bkg‘%ﬁﬂg% T ner
nodi fi ed vegefl":ﬂ""ﬂ"?f‘c “'ﬁ ARV SE £ 60T MR e ARt 00 ﬂﬁdét ot
additi ve pack FPS'ZWEQOQO“N' DL 20000 andt hAZ9bur 587 pe (409 edb200 | o
Vi scopl ex 1- 30macelexd i 13RPR; scl nQ%s—t—he-—QH%—eﬁ] 0, PR UL j,cyﬁ' tHe oils
in Table 15 [Isa w0 03/ 027212 30 PCTLUS02/186%423 199:54” N 998 10‘9% d 13A:

Formul ati ons WZ Formulation WX Y Z SAE G ade OW 30 5W30 | OW 30 | OW 40

160 Lz 70758 V11 1. 40 1. act Do S Lgoau ot Kol AL YT o125 oo

[

5.00 0.00 0.00_Excel - 5-55. HC & nup 4 1200 2006636 nr) 3006
Cargill AP560 Wﬁ*ﬁakl’rmn\%nm able oil 25 &b 48 18 35 Z
SAE Grade 950 TWa0 S TIOWa Tiow-40
KV 100°C, cSt 1.1 10.9 1i.2 13.2
KV 40°C, cSt 51.9 58.69 61.7 75.2
Vi 212 182 170 179
CCS -35°C, cP 5671 10350 - -
CCS -30°C, cP - 5160 6650 6734
CCS -25°C, cP - - 3530 3650
EXAMPLE 10
5 Table 14 represents a SW-30 SAE grade lubricant oil formulation using a

combination of the ester-type and the olefin copolymer type v?scosity modifiers in a base
oil comprising a blend of Group 11 mineral oils (Excel 100-HC™ and Excel 575-HC™), a
dibasic ester, and modified vegetable oil (AGRI-PURE 560™). The dispersant/inhibitor
additive package was Lubrizol 20000 and the pour point depressant was Viscoplex 1-
10 3004, To enhance performance, an extra antioxidant was added. This formulation
passed all API SL bench test requirements. Table 14 also discloses tﬂe physical

properties of the formulation.



Enkaratc 1130 Di base ester 20.00 20.00 20.00 20.00 Lubrizol 20000 151 JUN 205

0 12.00 Viscoplex 1-3004 PPD 0.10 0.10 @cka<dz2/38€33 Tot al
Talpl e 13B: Properties of Fornul ations

Properties WX Y Z SAE G ade OM30 5W30 IOM30 | ONM40 KV

12.00 10003719

w % 100: 0% 100. 0% 100. 0% 100. 0%

W Z Physi cal

100C, cSt 11.1 10.9 11.2 13.2 KV 40C,cSt 51.9 58.69 61.7 75.2 VI
176 179 CCS - 35C, qRpR5i

CCS- 25C, cP - 3530 3650 EXAMPLE 10

/4 Ftaffation ar@@hyﬁéﬂ)@rﬁﬁeme@ ¥ obmmlh tEHhSAA
Tabl e 14 represents a 5W30 SAE grade

212 182

IO:JI;][: (r:]a(r:lgpgi Formumuu atTomusi g a corml nayion of The esTerjahype and the
gﬁ,qrid pVU\A:ILIbbUDI tynodirfrers—mabase orl CORWLpSI NG a
bl end of Go — —Aetrar—otTs \I:}\L.CI J.UU-l CTV < a
d| basi Cc este %mgmntﬁhdi fiod vyanan alal l p?}bﬁln-u— COoNTEAA -{-u ’
! ——ertt— BTt vcuct abte—oitt FURE OOUTIVIT. rne
di spersant/i iﬁllﬁf?}ft—g;a-dQ—t—Hm—paekage—wae— ' : 0 our
oi nt depr esy x——10-3004—Fo—enhance—perforfrance
gnt I oXi dgnt Gxeel A0HE  This formulation n'd@lé[gl Q.FIJ A.E! (< lii bt 2'[ extra
requi rement s [EXEABIEHA4 al so di scloses-the gAPEI LN oy onertiis of the
formul ati on. |Cargdl AR 2005 WO 03/ 027212 PCTHpsies v oy 14a49 o 14
Fornul ati on ¢Emka@lesi0cal Properties of FEorgbibaseesi AA  Formd®dtion IAA  SAE
Grade 5W 30 [iGbrigobliedftis Description wt % 12D7764 v[1 1 30 1290758 Vi
1.2 Excel |QOschileG-30p |1 O 5 Excel 578PHIC Group 11 Q| 019 _Carlgi |l |
AP560 Mbdi fi @ekamegediabl e oi | _40.40 Enkar at/éntipi8®t D base esfér 20
Lubri zol 200 1#1%12. 00 Visco |lex 1-3004|PPD 0.1 100.00%
Physical Properties
Kin. Vis @ 100°C 10.94 cSt
@ 40°C 59.09 cSt '
V1 180
cCS .35°C 12160 ¢P
CCS -30°C 6180 cP
TBS@ 150°C 3.5
Brookfield Temp
@ 30,000 cP -31.2°C
@ 40,000 cP -32°C
Gelation Index 8.3
Gelation Temp. -32°C
MRV TP-1 @ -35°C 15500 cP
MRV YS @ -35°C + 0
Pour Point < -52°C

EXAMPLE

11

The formulation AA was submitted to PerkinElmer Automotive Research

Laboratory (San Antonio, TX) for high temperature TEOST MHT-4 Thermo-Oxidation

Engine Oil Simulation test, Homogeneity and Miscibility (H&M) test, Foam sequence |,

1I, and I test, High Temperature Foam test, EOFT (Engine Oil Filterability test),

EOWTT (Engine Oil Filterability/water tolerance test), Gelation Index, NOACK

Volatility, Volatility Loss, Phosphorous and Ball Rust Test. In the H&M test, the tested

10

oil shall remain homogeneous and miscible when mixed with SAE reference oils. Table

15 discloses the results. According to ASTM D 4485-99b, the oil meets the bench test of

the ILSAC GF-3/API SL minimum performance standard and passed all API-SL. bench

tests requirements.



I _rganoxwlo(ﬁ;sfozmm oxidant 1.0 Total w % 100. 00% Physi ca#tCTA '

Kin. Vis 100C 10.94 cSt @40C 59.0%2cSt V1 180 ccé -35C 12?230?3%(5,‘0@] 1005
-30C 6180 cP TBS@ 150C 3.5 Brookfield Tenp 30,000 cP -31.2C 40,000 cP
-32C Celation Index 8.3 Celation Tenp. -32C MV TP-1 @-35C 15@00 eP

MRV YS -35C 0 Pour Point < -52C EXBNAEFbimikeAlor mul ation AA was

subm tted to PerkinEl ner Autonotive Research 5 Laboratory (San_ Antoni o,

'SI'X) }‘0[_ i BT Al Fle TECST NVHT{Fs(Miahdii@drdadld on [GIEBRIPNEL Cinlit
1|1rmaﬁd| ?r M THomoger cibili st VINSIGA-Bd7h. ']tJ&fmﬁ-k@ﬁMtioﬁeiifon-sﬁﬂadlﬂnsequence I,
, I E_leTDNIHI:‘?,I ogn IUIIpEI ature D‘@ﬁ%{ esl;, EUFI ( Emgl ne al

Filterabil EOMET y

(oot "ol PRI R T T R era
R N mm,rbsiz;zuv Fat Tty fOss. “Pospor oy

1 Hsvr eSS tne— e (SN RVANOI N I remai n

honbgeneol gn ¢ g—wi—t-F—SA "(fefc. ency loﬁyﬁm Tabte—15
di scl oses tﬁéq‘&e%féﬂl f‘@‘“'“&/é?rﬂﬂgd' ng—to—ASTM-D S5 5op t’SdJ 2l reets—tHe
bench t est_dkauencndl. foamiqe/Setine3/ AD|SL i m-*.?/?;erfor.’wa:‘.l;umasx%‘/g..dard ang
passed al I{HigiPTenBeratyesfosm Tesest g rpnnﬁ)ﬁ%ﬁmm / \WD.03/027212 32

PCT/ US02/ 30F388n T&dedhgN 2005  Table 15:  For mul?d_AA npqml.ﬂﬂml (—(Wl‘}wf t he Test
Test Met hod Foestuf@gul t GE-3/ APl SL Linit  9M (Hnrmmihm ty &

M sci bi | i {5OFT EadineONNMIBABOInITestbN - s ePMPBIF onl/non- separ gt i on” TEQST F 4
D 6335M Tdt ak Fioeedicton( Rod + Filter) 20.6 6.045 py (hamax) G- 3
D 892 / SeEH@NT Enkinc OF BierkbIgySetct | NGMOPBP10|/max. / 0 S¢quence 11
f oam ng/ setdidriige Bk 50 nmax./0 ’
with 0.6% water 22.12 50 (max)
with 1.0% water : 12.17 50 (max)
with 2.0% water 13.9 50 {max)
with 3.0% water 15.63 50 {max)
Gelation Index D 5133 8.3 12 (max)
NOACK, Volatility % wt loss D972 7.11 15 max
Volatility Loss at 371°F D 6417 3.20% 10% max
Phosphorous, wt% D 4951 0.093 0.1% max
Ball Rust Test, Average Gray Value D 6557 134 100 min

The formulation AA was also submitted for ASTM Sequence IIIF engine tests.

The Sequence ITIF Test is a fired-engine, dynamometer lubricant test for evaluating
automotive engine oils for certain high-temperature pérformance characteristics,

5 including oil thickening, sludge and varnish deposition, oil consumption, and engine
wear. The Sequence 1IIF Test utilizes a 1996 mode] Buick 3800 Series II, water-cooled,
4-cycle, V-6 engine as the test apparatus. The Sequence [IIF test engine is an overhead
valve design (OHV) and uses a single camshaft opeating both intake and exhaust valves

via pushrods and hydrualic valve lifters in a sliding-follower arrangement. “The engine

10 uses one intake and one exhaust valve per cylinder. Introduction is handled by a
modified GM port fuel injection system setting the Air-to-Fuel ratio at 15:1. The test
engine is overhauled prior to each test, during which critical engine dimensions are
measured and rated or measured parts (pistons, camshaft, valve lifters, etc). The
Sequence IIIF Test consists of 2 10-minute operational check, followed by 80 hours of

15  engine operaton at moderately high speed, load, and temperature conditions. Following
each 10-hour segment, and the 10-minute operational check, oil samples are drawn from

the engine. The kinematic viscosities of the 10-hour segment samples are compared to

the viscosity of the 10-minute sample to determine the viscosity increase of the test o1l.



Sequence 111,
6082 / WoRgamaTend
Ol Filterability
EOMT (Engine G|

0. 6% water 22.12 50 (max)
water 13.9 50 (M@equ\ﬁp%ﬂﬁ: G%tveétOBFfa&

Tbks pPYgRT P NElSE L G i

8.3 12 (
Loss at

ency 20 100 m (nmax)
Test),
Fi | t er abi I | ty/V\ater GM 9099P /
0% wat er

dsQ§

osp

12.17 50
e dest Satss

/ Tol erance

f oani ng/setting 0/0 10 max./0 Hi gh Tenperature Foam)TA§NBH

Foam Stability Operh(ddsdzEngi ne
GM 9099P / 34 % Fl ow Reducti on 15.07 50 (nax)

Test) with

eoratte Jf duhaB 8889, 53

I
Rtends: (Ao med Ao eS|

Lbddey

1% max

Bal I Rust [fieSngity R5AIeheCoRmA4H UR B2nehSést1tht00.SH GEra/ARir $iLi InainirommAA

was al so subm tted for ASTM Sequence |IIF engine tests.

The Sequence

|11 F Test pesformdrice sthndargiand pasied attoRit ®r bendbricga mquiresen®or eval uati ng
autonotive engine oils for certain high-tenperature perfornmance

char acker istics,

5 incl udrisleqigl TedisedtenoNBequenue BEF apsting

rni sh

deposi tion, oil consunption, and engine wear. The Sequence IIIF Test
utilizes a 1996 WWCK 3800 Seri €3 11,7 Wal g péigdl €d,  4-tycle, V-6
engi ne as the testfappas Eé us: me Sequence T TFEpimaNgl Ne 1§ an
over head valve dc%. ot CL(Z\{lV) and USes & si ngu E TRIRIR OpeaII ng both
i ntake and exhaust e shr-ods—and—hydr cvatvetifters in a
1~,;],§5$,chk+‘fcmpr rl'fu nnnnnn 1n 135°¢
sliding-fol | oner a;rQr e e—engtne—16—us % ?;.,5 ntake—and one
exhaust val ve per 9‘”‘ Qﬂ ?“?f‘f"'ailuuct: or—+s—handied -by—a—modi fied GM
port fuel injectio u — 5:1. The
test engine is ovp¥ !T P st S:"'\,"vf‘.ich efitical
engi ne di nensi ons APEATRESEYIE od and rated or %;qugﬂ parts—{pi stons,
camshaft, valve |ifniefdDestPoint The Sequence 11I-Thst consisfs of a
10-m nute operati ofEabaugt BeekiPressur | qued by .80 houd®%kPas 15 engine operaton
at noderately hi gh|Esgeeébolahidial  and t enperat ure |¥8EE® | ans_ Eogl | owi ng
each 10- hour segneBreathenioibe GeladCEloW nut e oper at i pWa¥MBheck _oill sanpl es
are drawn from thEngng@ihGeolctRewki nemati ¢ vi scosgi2tli®a of the 10- hour
segnent sanpl es arpiciosfpaRe to the viscosity of%He 10-nminuffe sanple to
det erm ne the vi sc{Bsdathyr TubeC@iseOft Telperdtgst 0i 140°C 5 JUN 1005 WO

03/ 027212 PCT/ US02/ 30233 33 Table 17: Formula AA

Description of the Test Test Result GF-3/API SL Limit
Viscosity Increase (KV 40°C) 156.10 % 275 % max
Weighted Piston Skirt Vanish Rating 9.59 9.0 min
Weighted Piston Deposit Rating 6.19 i 4.0 min
Hot Struck Piston Rings 0 None Allowed
Cam plus Lifter Wear, Average, pm 16.7 20 max
Oil Consumption L 1.83 5.2 max
Number of Cold Struck Rings 0 N.R.
Average Oil Ring Plugging, % 0 N.R.
EXAMPLE 12

_ To reduce the cost of the lubricants, a less expensive dibase ester, Esterex A4l,
10 was used. Table 18 discloses a prototype formulation for an 5W-30 SAE grade. Other
grades are also easy to formulate with the less expensive dibase ester. Other less

expensive dibase esters include Esterex NP 451 and NP 471. Table 18 further shows the

properties of the formulation.



The Seqwemomoi7kiF Test is operated at the test states in Fﬁﬁﬂ!@oﬂﬁndurf S9N 2005
the 80 hour portion of the test. TaBle 17 discloses the results.
According to ASTM Sequence TIIF engine tests, the oil nmeets the bench

test of the ILSA - | SL mni er for man . assed
al | API-SL benchi“gg? gé'fgﬂm‘hgwgﬁfigarpg'yglﬁﬁllfgm%%?ﬁ%e@l@oggﬁlggg@ Seguence
TIIF testing [famameber Set Point  Engi ne Speed 3600 r/min |ERgi ne [Load
200 Nm O | Fi |Sh€lgE.0CK Tenperature 155 C | Cool ant CQutl et T&Wper atjure

122 C Fuel Pr SRPerents 00 KPa Tl et AT Tenpekmbibne 27 C lrives Ar
Pressure 0.05 gPgjgimier AT Dew Poi nt 16. I[fg haust Back [Psessurie 6

kPa Engi ne Coft F ' OYVAlﬁﬁ O Breat ner [yipgbe Cool ant” FIdgws 10 L/jm n
Engine G| Coo E§lel 5754 T2t/ AT=10- FUE|GRat @it 15. 0 - feat her| Tube
1T

Cool ant Cut | et ool ure 40 CTabie 17 FIRHA AR LEGE | Qhd. Q0 Of| the

Test Test Resu PH—St— t—Wi ' ( 3
o U et ARl ot LTt VI'SCOST [y SIEF IS (RV™4eg 1156. 10%
0 hax Wi ﬂ&culygr @L O—oKttTt—Vvant—sSiT Rat 95599 0-mn YW—Gd
Pi st on Deposi t [ 19 4 6 mi-r—Het—Strurk-Prst Ri
P et ”31 44— et ot 1t PrSTOImT RIS Uy NOTTE | | owed

Cam plus Lifte Sl i-RE oo 167 20 el B—6 rorad

p 1 fte] S —Avefage—mME6—+—20 rax—Ot—ConsunptTordg 5883 S 2
max  Number of [TeBLH %t r uck R ngs—0—N—R— Avbrage—6+R-rg—PHIGG G|
MR EXAVPLE 12 T roduce t he ooet of the Lubetcomen noreda srnadsi vo
. R L2 7 ce-the cost—of e—-ubr-eantss—a—+ess—expensi ve
di base ester, FEaY¥RRFOPAAE 10 was Used.—Table 18 di-selosesIa “rgtctype
fornul ation foKimYiSQIGCSAE grade. Other gr ¢

formulate with/@HECl ess expensive dibase ester Qrher less Hve
di base esters |Viclude Esterex NP 451 and NP 471 Table 18 fu FPher dhows
the propertiegasf-3¥Ae formul ati on. WD 03/0p7212 34 PCT/ US02#46233 |15 JUN

2005 CCS -30°C 10270
TBS@ 150°C 3.32
Brookfield Temp
@ 30,000 cP -30.3°C
@ 40,000 cP -31.4°C
Gelation Index 8.1
Gelation Temp. -32°C
MRV TP-1 @ -35°C 15000 ¢P
MRV YS @ -35°C 0
Pour Point < -50°C
NOACK, wt% loss 8.6

As demonstrated above, embodiments of thé invention provide an
environmentally friendly lubricant that meets API SL bench test specifications, and Is
overall at least 60% biodegradable in ASTM D-5864-95 biodegradability testing.

s Additional characteristics and advantages provided by embodiments of the invention are
apparcnt io those skilled in the art.

While the invention has been described with respect to a limited number of
embodiments, the specific features of one embodiﬁent should not be attributed to other
embodiments of the invention. No single embodiment is representative of all aspects of

10 the inventions. In some embodiments, the compositions may include numerous
compounds and/or characteristics not mentioned herein. In other embodiments, the
compositions do not include, or are substantially free of, one or more compounds and/or
characteristics not enumerated herein. Variations and modifications from the described
embodiments exist. For example, the environmentally friendly lubricant need not be a

15 mixture within the compositions given above. It can comprise any amount of

components, $o long as the properties desired in the environmentally friendly lubncant



Tabl e 18: Formul ati on and Physical Properties of Fornulation AB 15 JUN 2005
For mul a}p@8/0MB12 SAE Grade 5W 30 Conponents Descri ption YWrAgsetz023¥64 VI |
1.30 Lz-7075F V IT 1.3 Excel 575-B Goup Il OI 25 Cargill AP560

Modi fied vegetable oil 40.30 Esterex A4l Di base ester 20.0 Lubri zol

20000 DI 12.00 Vi lex 1-3004 PPD 0.1 Total wt % 100, 00% i.cal
Propert i egredngt. Iv;sliocucé?hzg?é@eﬂoh% ‘MPPI'@W@%EQ%PW&’%%%C&&EH ¥§g%%5210
CCS - 30C 10270 .. TBS@ 150G 3. 32 ' 0,; -3Q43

40, 000 cPCOBROsjon égl) %?Efi gﬁ“'ﬁeﬁdtgx%?@gﬁgfogt ?@ﬁfﬂ%@n% '?g‘%c@ceﬁxﬁv%%@l "‘%

- 35C 15000, &RnMRY Wi H@eq 326 4h dastonimentatly frierlDClubhOAsuoht ol tossks,8/28s As

denonstrated above, enbogi ments of this invention provide an _
envi r onmept aldey. fiiis potdd yhdt thy inctheds fdramalnegerd wpng die gepoamepfly friendly

specifications, and is. overall., at lLeast 60% bi odegr | e |

D- 58643 95 lWfirsdeigomnasition e F%%FP?—F&;‘.””E f%f‘]%ﬁ“?? ‘E?n%rureﬁ%{ffﬁ??%?i g@?@?@rﬁ g
advant ages proyi ded g&a@ﬁelmf@ bONED e QUinite€ or BMBIRAbUE Stil]

t hose ski I%Fé’(ﬁac:{lﬁefh"e%ﬁ?. ‘% e %‘ﬁgplfnr?{r/égﬁtﬂjon ase belen described with
respect tQegeld BidsBmtinuygE sahe reuhodiThnippendddecisipacintérad foeeaver @8 wwthone
enmbodi rent shoul d not be attributed to other enbodinents of the

i nvent i onvahiaicisagt enaalifieations ag fallingrwishia dkascapt QEhGANYENtOBspect s of 10

the inventions. In _sone epbodi nents, the conpositions may include
nuner ous What is clalmccrrlig: nmp y



conmpounds and/or characteristics not nmentioned herein. In other 2005
enbodi nents, the conpositions do not include, or are substantiall 31 Sf#%
of , one or nore conmpounds and/or characteristics not enunerated herein.
Vari ations and nodifications fromthe _described enbodinents exist. For
exanple, the environnentally friendl 6l ubri cant need not be a 15 mixture
within the conpositions given above. It can conprise any anount of
corrponentqiiﬂifscl ong as the properties desired in the environnentally
friendly ant 1 5 JUN 2005 WO 03/027212 PCT/ US02/ 30233 35 are net.
It should be noted that the application of the environnentally friendly

| ubricant conposition is not limted to lubricants for autonobiles; it
can be uded i Ancmyiroamentaby frbomd]ydobaéant,egmiprismgan environnental ly friendly
| ubricant, such as a truck vans or ,Fus s. It is noted that the nethods
for making an® usi ﬁ&@?ﬁ?@ﬁ%"ﬁ%@%ﬁ%ﬂ‘ W riendly 5 lubricant conposition
are describedywith,r eSE,ﬁm et o] se steps can be
practiced in QWy sgéﬁgetn e.gggg%r?d]nore s?@&éﬁgﬁglg]_gﬁitted or conbi ned
but stil whesihihe\cavisodémally frichylytlbricaanis at kastlG09% bibdegragabdnatelhas| ai ns
intend to cover .all such variations and nodifications as falling within

t he scope sshatippindexessthasaboykd, s clained is: 1 5 JUN 1005 36 CLAINB

1. An enyihLork tal Li: Y - IS ha. A
transest\ewrhle e tfﬁlgtg%@eelrlgpg%)ri i %’ldg‘}ldél%ge?{egof?gvgtc?yﬁ?ﬁg?ﬁlclcga&der di fferent
from t he réacligg witBr2ahokes bf CMEI2ai1 ool a GribaisicRe piodutt/frérhiac@HCY 21 ubri cant
is at | east 60% bi odegradabl e and has a gel ation index |ess than about

12, wher digarhaxglie peidireasing math Tmeles of Cl<CH) deofwds o raadedy afatty agid- ¢ 12
di carboxylig acid..reactin h t mo] es of Cl1-Cl2 al cohols, a tribasic
ester pr}éﬂ?fgefls‘f’%vﬁ%haa%ﬁ)&’ef%p\g’zz’ﬁ?g%rb&@l ic acid reacting wwth 3 nol es of
Cl- C20 akgRRdh theQfanB&eeifitd tAglyddrblis dbiathed byNERRG Ty bivegethbleoll, or a

pol yol ester; and wherein the transesterified triglycerol is obtained by
t r ansest avithfejthayamesiergpdishont-ehaih [fattygcids aziatpediol gsiclest er of short-chain
fatty acids or a polyol ester. 2. A nmethod of making an environnentally
friendly lubricant, the nmethod conprising: blending a transesterified

triglycenol oid nRfMdddfaklg fVeivitehmentaly fiendfyansricant, iRe ARiHogONNMENt Al |y
friendly lubricant is at |east 60% bi odegradable and has a gel ation index
| ess t hamompuosing:12,

blending a transesterified triglycerol oil and a first synthetic ester

wherein the environmentally friendly lubricant is at least 60% biodegradable and has

a gelation index less than about 12,

wherein the first synthetic ester is a dibasic ester of a C4-C12 dicarboxylic acid

reacting with 2 moles of C1-C12 alcohols, a tribasic ester product from a C4-C12

tricarboxylic acid reacting with 3 moles of C1-C20 alcohols or made by a fatty acid

condensing with a triol, or a polyol ester; and

wherein the transesterified triglycerol is obtained by transesterifying a vegetable oil

with either an ester of short-chain fatty acids or a polyol ester.

3. In claim 1 or 2, wherein the environmentally friendly lubricant further
comprises:
c) a second synthetic ester as a polar viscosity index improver; and
d) a hydrogenated copolymer as a non-polar viscosity index improver

wherein the second ester is different from the first ester and the triglycero! oil.



wherein the first synthetic ester is a dibasic ester of a C4-Cl12

di carboxylic acid reacting with 2 noles of Cl1-Cl2 alcohols, a tri t]a%r”éN 2005
ester product froma C4-Cl2 tricarboxylic acid reacting with 3 nol es of
Cl- C20 al cohols or made by a fatty acé'?d condensing with a triol, or a

pol yol ester; and wherein the transesterified triglycerol is obtained by
transesterifying a vegetable oil wth either an ester of short-chain

fatty aci,ds o al yol .3 . hn. clai.ml or wherein the

envi 1 onndnt al 13E PRI er ity irendly pupighpet Petoch firnedeiihg: (oo ong

synt hetic estgy aSa@i@@}saﬁt/iﬁhf.’gﬁ@ﬁpgc]{agdﬂﬂﬁj( inprover; and d) a _
hydrogenat ed copol ynmer as a non-pol ar  viscosity index inprover wherein
the second esfler i etlgagtiope additite.omthe first ester and the triglycerol
oil. 15 JUN 2005 37 4. The environnmentally friendly lubricant of claim
3 further conprising: e) a dispersant/inhibitor package; and f) at |east
one addi §i ve. e i35 bl 3 ! ten 3
wherein ;S'he h;ger: gg‘;elﬁoat edhﬂol efﬁ?gdt%lg%g?%% jawﬁé;gﬁgg%%%l{rg%élﬂldﬂ‘

et hyl eneolefiogepalymes madiyidyogenated ethyjenepeopend vistositylimdex ifnposveR., wher ei n
the transesterified triglycerol oil is in the ampunt from about 30 to
about 85 W% 7. In claiml or 2, wherein the first synthetic ester is in
t he amougt fr : : 9 i

Fri endl yol ubr Toagrt 4P Pt Hnciethicd ekt oM I BPERRLA O, ¢ |

t he anouathout 300 allout 85 Nt%.t 0 about 3 W% 9. The environnentally friendly
| ubricant of claim 3 wherein the hydrogenated olefin copolyner is in the
anount fromabout 0.1 to about 6 wt% 10. The environnmentally friendly

| ubri cant of I |1t i tNhiol qﬁﬁ? LSain the
anmount f?'om a@o@%lﬁftogbgﬁg%ﬂ@mlt 9&/{5%&%&&%{%{6& Easrr}\git?%%ﬂrré%rﬁa yglfordlt z(r)ldl y
| ubri canto soucd@iv¥e4 wherein the at | east one additive is a pour point

depressant, antioxidant, friction nodifier, rust inhibitor, corrosion
i nhi bitor anti-foam ng agent or a conbination thereof in the anbunt from

about 0. % to 3h0 Hﬁvi?or%e%‘ial%rzfriegcnglllﬁ)?i‘é%ﬂﬁt%@?ﬁ%%{\kﬂﬁr&'ﬁitﬁgge!c&i(l‘liub ricant of

claim3 Turther conprising’mner etrc oi . The

envi r onnpyitiedticyester iscifl Ghe/arhodt ifoanibout 0dtaiabdult3 widerein the mineral oil or
synthetic oil is in the anount fromabout 0.1 to about 30 wt% 1 5 JUN

1005
9. The environmentally friendly lubricant of claim 3 wherein the hydrogenated

olefin copolymer is in the amount from about 0.1 to about 6 wt%.

10.  The environmentally friendly lubricant of claim 4 wherein the

dispersant/inhibitor package is in the amount from about 8 to about 14 wt%.

11.  The environmentally friendly lubricant of claim 4 wherein the at least one
additive is a pour point depressant, antioxidant, friction modifier, rust inhibitor,
corrosion inhibitor anti-foaming agent or a combination thereof in the amount from

about 0.1 to about 5 wt%.

12, The environmentally friendly lubricant of claim 3 further comprising mineral

oil or synthetic oil.

13.  The environmentally friendly lubricant of claim 12 wherein the mineral oil or

synthetic oil is in the amount from about 0.1 to about 30 wt%.



38 14. In claiml1l or 2, wherein the transesterified triglycerol oiH 5? ﬁ?%ﬁ
m xture of a glycerol polyol ester and a non-glycerol polyol ester. g.

In claim1 or 2, wherein the transesterified triglycerol oil is obtained
by transesterifying a vegetable oil with an ester of short-chain fatty
acids. 16. In claiml or 2, wherein Bfe transesterified triglycerol oi

I's obtained by transesterifying a vegetable oil with a polyol ester. 17.
In claiml or 2, wherein the environnentally friendly lubricant is an

aut onobi | e engi ne oil .

14.  Inclaim 1 or 2, wherein the transesterified triglycerol oil is a mixture of a

glycerol polyol ester and a non-glycerol polyol ester.

15.  Inclaim 1 or 2, wherein the transesterified triglycerol oil is obtained by

transesterifying a vegetable oil with an ester of short-chain fatty acids.

16.  Inclaim 1 or 2, wherein the transesterified triglycero! oil is obtained by

transesterifying a vegetable oil with a polyol ester.

17.  Inclaim 1 or 2, wherein the environmentally friendly lubricant is an

automobile engine oil.




