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20 removal from some surfaces of lubricated metal parts.

Due to oxidation problems with natural triglycerides, 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

25 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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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 friendly lubricant comprises a transesterified
triglyceride oil and a synthetic ester different from the triglyceride 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



nodi fier, rust inhibitor, corrosion inhibitor and anti-foam ng agent.

Addi tional enbodi nents are explained in the follow ng description. 5 BRIEF
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CGel ati on Tenperature ASTM D5133-9 Kinematic Viscosity ASTM D445

Det er mi nat i ovalugs, KMgatddesStwiether thel wosg diebont” ASTRPIIOEBARIGRIs used in connection
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percent. Whenever a numerical range with a lower limit, R and an upper limit, RY, is

20  disclosed, any number falling within the range is specifically disclosed. In particular, the

following numbers within the range are specifically disclosed: R=RM"k*(R"-R"),

wherein k is a variable ranging from 1 percent to 100 percent with a 1 percent increment,

i.e., k is 1 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 100 percent.

25  Moreover, any numerical range defined by two R numbers as defined in the above is also
specifically disclosed.

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

description and examples that follow:



Viscosity of Engine Ols at Low Tenperature (MRV TP-1 Pour Point ASTM D97
Vi scosity at H gh Shear Rate and Hi gh ASTM D4683 Tenperature by Tapered
Beari ng Swvouiaet2 ( TBS) Viscosity I ndex ASTM D2270 Vi sc®SiTiysoASiERs D445
Volatility at 371C (Sinul ated Distill ation, ASTM 6417 Flash Point)
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resi stance on a spi MetherapuottatTapegpd Bearinhi8imfilatgi d hei ng t est ed. Al t hough
Brookfield viscosi{ti$)are nost frequently associated with |ow tlenperature
properties of gear |iskosityladed transmission f1ui q&STMARYT0 e (n f gt
determned for manyVésedsy types of lubricants A(STMI'E“&a,n_k_L_n_g_gﬂ MULATOR
(CCS) is an inter mpyPREY oheXi Cr Gimulzjsds Oistiatian | ASEMPEYsur es the |resi st ance
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gel ation index is a W 03/027212 PCT/ US02/30233 . 5 nuynber .indi c t| n%é
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been assa@ci at ed VBibHlegradability is a measure of 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 inoculum 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
determined 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 determined on the
Brookfield viscometer. The operating principle for the Brookfield viscometer is the
15 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 is a



field-failing oils. Gelation index is determ ned in accordance wth ASTM
D- 5133, 5 which is incorporated by reference herein in its entirety. The
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stress (in nes per square centl er) required to nove one | ayer of
fluid al ong gznentedr Thegeladon didak isl deyeeminedhicodrdiagly. of one centineter at a
shear rate of one_centineter per second. D j -sec/ . The
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ear stress and are thus
subj ect to dhsdcosrdhmue With BTV D18 c eehichn if incbpoded by yrefeadyse hetean in its
viscosity neasurenents are independent of density and are directly related
to resi dPancatfdyf| ow. POUR PONT is a widely used | owtenperature flow
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fuel is observed 10 *@\?vlghen céO(Sﬁ ed %a)o':ﬁ gvé%ilgﬂﬁgﬂr&/, Usgg}n?}bg?)%e‘ﬂ 6 unlder
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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 viscosity
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 independent 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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i ndi cates vafious COnpositlons Of enviro ntally friendly |ubricant

conpositions in acODACGANITY Wist b girbpiymesft @ diquidiethanvdsfinesnits Tatdperation
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35 5?’89? 575 4eQ/af)or§és Oaster? When b%ﬂ?tlm?lidscargsz{teﬁle Wnie &bhpbfatire2Thd Nolatidily of

20  petroleum products can be evaluated by tests for Flash Point, Simulation Distillation and
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, rapeseed, soybean, and sunflower oil. The transesterified

vegetable oil is mixed with esters that lower the gelation index and improve viscosity.



Ester Type Viscosity Index 0-3 0.2-2.5 0
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1-2 0.5-99.5 Mneral Gl 0-40 5-30 10 -
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further, an olefin copolymer type viscosity index improver is optionally added in an

amount from about 0.1 to about 6.0%, more preferred from about 1 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

15

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

to about 2%. 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-

20
ILSAC GF-3/API SL bench tests.

5864-95 biodegradability test. The environmentally 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 wt%, more preferably

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

25

Suitable transesterified vegetable oils include, but are not limited to those described in



CH2 - OC- R 0 101l CH-OCR2O0 11 15 CH2-OC-R3 wherein R1, R2, and
R3 are aliphatic hydrocarbyl groups having fromabout 4 to about 24 carbon
atomrs i ncwosiBwe2inherein at | east one of Rl, R2, and R3 ha¢a/wsoyaizas at ed

al i phati c hydrocarbyl noiety having aBout 4 to about 10 carbon atons

i nclusive, and 20 wherein at |east one of Rl, R2, and R3 have an aliphatic
hydr ocar byl _ItﬁpfcﬁfoWiffga | QOpLEATWHGPHE i&c%r%&ate@%ytrei%f]en%lh@&ﬁl A AEE entirety:

i ncl usi ve. ese triglycerides are available froma variety of plants or

t heir seeds 4D, 322¢6db4BDHI6,2916408; 6,281,885; 86278096t 6BV b18%;land S885,683. and R3
may be different noieties or the sane jety. Wthin the.triglycerid
formula are ali pHeFicaHpgy B‘Eea?"ﬁsltraé‘fﬁ&gg{eﬁa‘égﬁ\églﬁtmli conupTises, 8 Fhyperal @Fﬂl
monounsat ur %éﬁhm%aﬁtfsﬂ%mg £5:3HI A1l 1REI0EEBAN AR Phicht 6. PMB0624 car bon

atons. The term "hydrocarbyl “group™ as used herein denotes a radical having
a carbon5 atomdirectly attéched to the remainder of the nol ecule. The
al i phatic hydrocarbyl groufis include the following: (1) Aliphatic
hydr ocar bon groups; OMt—0sC -alRqy! groups such as heptyl, nonyl, 30
undecyl, tridecyl, heptadecyl; al kenyl groups containing a single double
bond such as heptenyl, nongnyl, undecenyl, tridecenyl, heptadecenyl,
heneicoggnyl; al kenyl | group containing 2 or 3 double bonds such as 8,1
1- hept adecadi enyl ang:tl_?,_l . {-Rhept adecatrienyl. Al isoners of these are
i ncl uded, but straig chai ® groups are preferred. 35 (2) Substituted
al i phatic hydrocarbon |groupg; that is groups containing non- hydrocarbon
substituents which do jnot aFter the predom nantly hydrocarbon character of
the group. Those skillled inllthe art will be aware of suitable substituents;
exanpl edSare WO 03/ 0£t2120°€T RS02/ 30233 9 hydroxy, carbal koxy (especially
| ower carbal koxy), and al koxy (especially |lower alkoxy). The term "Ilower"
denoti ng groups oeireih M;NB,,mtd Ryoare atipleatic hyderchdy! gtomps havif frokleatsouo 4 to
groups; that is, groups which, while havi redopj nant | | | phati ¢
hydr ocar bon %’:’ﬁ&?%&%‘?orbﬁﬂ'ﬁlﬁi‘wh&ﬂw 'Eeﬁb‘f‘trigﬁgﬁn‘?:ﬁ b Zp?“é%ghbg‘ierf‘ Sppptefln or
ring S othen a6 R b haghig hiSout & RObaE ATRcarbo! 4t8AL Gndl&i®d, Andt 0TS
w il be appgli@r}?&tg t‘%(%) e s{lﬁeﬁl]l e 1| the art and incfude, fornexém:’)l (Ial,
oxygen, 20i t rnoigeeinanttastulnt wf Ri R, andRs yaocaualiphatc hydrgtarbermdiety faveng from
vegetabl e OIalboltltr Il? ltgl (é:beorult %%Séarl;[)rnagtgr%g tir?crhllsfixlfee.dfhese triglycerides are available from a
variety of plants or their seeds and are commonly referred to as vegetable oils. R, R»
and R; 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, tridecyl, 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 8,11,14-
heptadecatrienyl. All isomers of these are included, but straight chain groups are
preferred.
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



triglycerides may be fornmed by the reaction of one nole of glycerol wth
three noles of a fatty acid or mxture of fatty acids or by the chem cal
nodi fi catwom3mk72a2z natural |y 10 occurring vegetable oil. Regardlozsessf the
source of the triglyceride oil, the fatty acid noieties are such that the
triglyceride has a nonounsaturated character of at |east about 60 percent,

preferably EHyfﬂro gstcafn?%b%&yé%sﬁe%ﬁaqﬁmlov@é}dcém§lkoﬂf)?faﬂﬁagﬂk}$x§?t(ekﬁe@?&llyam& 80
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hi gh tenperature ransesteritied vegetable oils used in certain
enmbodi ment s rhaigtessarpeuch thpothe triglycamdabes s nlonCunsaturhied ichardoteCof FtHeasy ebaiitabl e

il liguid at t t d h [ ti i f ab 6 C
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oi | s cont ai east about 60% eic aci'd. These high oleic oils have
| ower oxi datatVeastsdbabt 85,199, ontdheas fully saturated oils tend to

K | . No fl _oil..h .ol ei,c..aci
content 161 20. 30 DiekEBRFenss e BHbE St g Pty bRl BuRR i R nle
a sunfl over %Qd@%@&ﬁ%ﬁ%@ﬁéédé‘@ﬁé&%@és. bRidatile GabiliBLisAblaRidNe theigrRiof t he

oleic acid content Is from about” 60 percent up to about 90 percent. U. S
Pat ents No. uhs@BtiofAnahe oNoanddcaidBe aB2swed gy ovith amdrigaivet Bigbibigy Index

o1 Chnd. 1 ts nstaitRRs Gt Regkens M Soudie B APeR iRl Mot 18!
veget abl e 0i¢5E@RdORIR) Axi@AtRieCstablity |19 WREN Ckpresstd &l te@mSiof "AOM" Rbibrs. Fyrgh

ol eic rapeseed oil, high oleic sunflower oil, high ol eic soybean oil, high
ol ei ¢ cA0t orexanyple, oxldating sfhbitihepoileeapurangs franbrbhout HPRON bowrs e 4B lZ8m

o1 2 9y B B8 ol Bk ol Bhet bl bl AhFSafiE R Bl g
saturated fajdoyaplel GilLAR i sflenfBdimea@OMd sxcellemnidwetieiperature 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 to 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



10 pol yol ester TAG base oil by CARGA LL (M nneapolis, MN). The
specifications according to the manufacturer for AGRI - PURE 560TM are:

Tabl e 3: WORBAPURE 560TM Property Agri-Pure 560 Test Met h@dT/GSVR/3@03ity at
40C 28.76 cSt ASTM D445 -Viscosity ato 100C 6.47 cSt ASTM D445 Vi scosity

| ndex 189 ASTM D2270 Noack volatility 3.5 % ASTM D6375-99A Specific
Gavity 0 9% dh & c3hehDR/ i b GRIBEEERE OP to B
fornt Sarc A @@2&% dfckdin @@%gél§ %‘%ly O roin Abdt T Dry Pto,

180C 38 ni nWogser&Si MUDS1 PateiB Nd3i 49aRgh 2 ckankdi No. t@74b39¢5)20/ﬁx€m@rd163m&q®4ated by

Bi odegradabiljty >80 % ASTM D5864- 95 Addi ti onal erre G base oil.s

i ncl ude a hiref?reéllcél pr thein disglosursito e AreRazgtion %fs l\ﬂ)EwS@‘ﬂff&'ﬁH a1l ARy fs

ol eic rapes a80iMyt, both from SVO 15 ENTERPRI SES
(East | ake, é)d J)fé}%a%lllﬁé) %Fi? 09%3 i ncl ude high oleic sunflower oils
avail abl ¢ f rom D®iAgh Blmetatbte ditsstah hatheghdaleic aafBossa pil Hiigh otdiecan odnbigh
oils from CARGLL or hi gh_ol ei ¢ ban0|lsfr ONT  or
VONSANTQ . hiclpic repesied ol IEhGH S SHMCBORCRIE Oltisbogen Bibdneh Benintopsaed
from MYCOGE 110'5 eic q\i&reﬁé oY, kb Fhé?é Ifd&dovABaliir Qﬁl”lﬁhh Q)?élé ]6aleP511'efd eAl
veget abl e oi e sun I"ower oil, “safflower oil, corn orl, soybean oil,
rapeseed oi |preiﬁﬁadimi\lf danhoiAGRI- E@Rﬂeﬁé(w awhich , iscagttamsestdrifiedr highi vleicoi¢id |t

is to be noted that_olive oil is naturally hlgh in al ¢id. The ol.eic
aci d cont entsupflower qib with| short\satugated @Wa%‘%“?‘isoﬁa%opﬂﬁ%é@ B uEyngistic

per cent ., Any the addition of a

saturate1 &O\g&&EQg?Aﬁg?ggrﬁw@thIgpt 1%1{%5%5 ‘acid or a polyol ester.
This addition reSIHetspedxﬁca’tmndadfnorchﬁg trthé nmahfaoﬂnr&rffoﬂ:h@Ri-fP@‘RE g6GIMnareat t y
acids to the glycerol backbone of the vegetable oil. WO 03/027212

PCT/ US02/ 3023 11 In general t rEapled: AGRIFRURE 601, e perfornmed by
addi ng a shorfPre#siin fatty acid ester to pAgEREe 3l o Tgst Mgghodpy o presence
of a suitabl e| ¥iatosilypt40°@nd heating the nix} 2B SEsters| ASTMOMI 1 chai fy
fatty aci ds i p¥iseosity atr90%6y/| esters and polyof4ESters MAWMNDAS ors can be
produced, for | ®iesplledex by esterification of Patty aci dkASEMP#Nal est érs
al so can be ubNe:ckvolatilie transesterificati on3é% veget ab| ASBYDE7588A g
herein, "polyp$peefit@rety refers to esters pr8fRfesd from HINEIDScont ai hi ng

fromtwo to Density 7.39 Ibs/gal By conversion
Flash Point 247°C ASTM D92
Oxidative Stability >1500 hrs ASTM D943 Dry
PDSC, 180°C 38 minutes 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 corn 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 oil,
soybean oil, rapeseed oil, meadowfoam oil, lesquerella oil, castor oil or olive oil. It is to
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.



about 10 carbon atons and fromtwo to six hydroxyl groups. Preferably, the
polyols <contain two to four hydroxyl noieties. Transesterification of a
pol yol eswerosme12h2 a vegetable oil results in the short fatricy/ushr3@es d
chains of the polyol and the long fattly acid chains of the TAG being
randomy distributed anong both the polyol and gl ycerol backbones. In one
embodi ment , 1nttRRaE RhRlekfelifithiRGeh BB berf6Rdddy il dhV RBinTat} 6 ksteetoas
defined above,” and/or a non-glycerol polyol "ester having the Toll ow ng
structure: kbvégetable oiDG theRme@ne of a suikdbl¢ cataigst andreating theymiytaien Eftgrsatfd RS

are independently aliphatic hydrocarpyl grou having, fr bout
24 carbon atS9RE ‘%ﬂﬁ’l ty IC?S\/\){%EJ&F ﬁneé@/ll %sge§§ aﬁﬁé)o ol Ifgteésrﬁgwﬁg%ﬁg%}%réé;agg
saturated alj ikl CoP¥aanansteRBtalon dFaiysi@out 4 to about 10 carbon
atoms inclusive, and wherein at |east one of R4 and R5 have an aliphatic

hydr ocar Byl i etBolydlastiersplfa cambebised in the transgstegificatiorcefi vegatablesyils. As used

i nclusive. These jriglyceri,des are _avail abl rom ariet.y. of S, Or
their seeds ﬂn’arr@lgﬂrﬁ?ﬁfﬁ yerét 9 F%&Stpdoi%ceg\éod’étpg&? 3 8?I}%§l. mﬁGfrgI.hztle?toar e
i ndependent | 38t iy aABEMtoRs afll IFRARLWE tH%H ag@oRYI globpLiPleferBly)aké pglyolke to
four carbon atons, or the following formula: 0 11 (CH2)x - C- R8 35
wherei n X i scoatuin wetdounliydagrolimoieties: about 6, and wherein R8 is an

al i phatic hydrocar byl i et Vi four to 24 c 0 t 12
PCT/ US02/ 30233 1D RMSHBHEASY ‘%‘raao‘%iﬁgoé L v ‘g‘o%egte?*%%s‘gls Pt ingt &@éjte?%%fe
oi I's argodi siiPskend Bf the pslyolPaideite 1bRg fAity24&d QBGins Wi tBE TAG ibeingr aadehld in

its entirety herein. Qther triaglycero oils that nmay be used are .
di scl osed i rdigrib@ed Pameng tgs . the iyl 0881 ghees]l 2BackBomps. i epe egihodiment,

i ncorporated by reference, in thei.r irety. T [ e LT \, bl e
o | may 5 i HEreERe e bRt un ETGL R A i ASTERE b RARL
non- gl ycer ol hdaodiy&drolgsdl il esteShaviny hb@Rwiag Sngsturer a ni xture of both.
Vegetabl e oils tend to crystallize at | ow tenperature because the triacyl

structures tend to be quite regular and subject to packing. This causes
t he vi ¢ sity to abruptly increase at |ower t gyper at ures, resulting in the
failure of gelation index tests. To neet

20 | OC-Rs

wherein R4 and Rs are independently aliphatic hydrocarbyl groups having from

about 4 to about 24 carbon atoms inclusive, wherein at least one of R4 and Rs have a

25 saturated aliphatic hydrocarbyl moiety having about 4 to about 10 carbon atoms
inclusive, and wherein at least one of R4 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:

O
!
(CH2)x — OC—Rs

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

hydrocarbyl moiety having four to 24 carbon atoms.



10 the gelation index requirement of |ess than about 12 as specified by the
GF-3/ APl SL bench test specification, a |ow gelation index saturated

synt het i cweaBme72anhi ch is different fromthe vegetabl e oiPIOr/ise2/aeded. For
exanple, fromabout 10 to about 30% of2 a saturated synthetic ester was

bl ended in the fornulation. It was discovered that the synthetic ester,

particularly sat UR&E}Rﬁ%g/‘%@E?Jd%% E&%@gt&ﬁ%sﬁﬁhﬁd LORidHNEIBHs Bledhidibseant . 15

The synthetic ester a dibasic ester such as adipate, a sebacate
ester, a triShdatent Nest&2 7850060 whicht is iimminporhted ieithantire(yThdEyin. Qther itmaglyograll

TMP , | yol , h ' |
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about 8, or ess out n sone envodi nents, the first ester uSed
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ester such as trimethylol ethane (TME), a trimethylol propane (TMP) ester, or a polyol
ester, such as pentaerythritol ester. Preferably, the gelation index of the first ester added
to the transesterified triglyceride oil should be less than about 10, less than about 8, or
less than about 6. In some embodiments, the first ester used to 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-C,; dicarboxylic acid
(such as succinic, glutaric acid, adipic acid, and sebacic acid) reacting with 2 moles of
C;-Ci2 alcohols. One example is di(2-ethylhexyl)adipate. The dibasic ester should have
25  a viscosity index of at least about 120 in order to function adequately. Dibasic esters are

of the formula:
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RiO-C-(CHz) —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 is

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



4.8 100 C5 Tribasic esters are the products froma C4-Cl2 tricarboxylic
acid reacting with 3 noles of Cl-C20 al cohols or nade by a fatty acid
condensi ngowstob72a2 pol yol (tri-ol). The tribasic ester sheardsasesa
viscosity index of at |east about 12013 n order to function adequately

Tri basic esters are of the formula: 0 10 11 CH2OC R20 | | Ri
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synthetic ester is a tr)rmhyhoiC propane ester|. 230(31d§elrcu18ui tabl e synthetic
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al cohol , PRI OLUBE 3960 TMut@Rnifbl BEFp8836, TM RIIQ8BBE 1831TM 15 which are
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Kinematic Viscosity, cSt 202 @ 40°C
4.8 @ 100 °C
5 Tribasic esters are the products from a C4-C; tricarboxylic acid reacting with 3

moles of C;-Cy alcohols or made by a fatty acid condensing with a polyol (tri-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:
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wherein R;, Ry, R3 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 moieties or the same moieties.

Other synthetic esters have the following formula:



noi eties or the sanme noieties. To increase the viscosity at higher
tenperatures, viscosity index inprovers were added to the fornulation.
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LUBRI ZOL 7671TM which is a long chain ester of maleic anhydride styrene
copol ymer (see also, LUBRI ZO. 7764TH and LUBRI & 7783TM which are

pol ymet hacryl ate copol yners). The other is theynon-pol ar hydrogenated
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| NFI NEUM SV 150TM etc.) which are anorphous hydrogarbon polyners. Both of
t hese viscosity nodifiers were tested in the formul-ations. By conbi ning
pol ar and non-pol ar types of viscosity nodifiers, alli de range of
viscosity grades of notor oils can be bRended: CHart®er; Rahen bl ended with
the synthetic 30 esters, a notor oil is prpduced neeting the desired
viscosity, gelation index specifications, ahd otHK&r specifications needed
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t hi ckener 35 and also acts as a pour point dépressant Tor vegetable oils.
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ol e )

nondi sper sant i n copolyner ( viscosity nodifier. Hydrogenated

ol ef i n copol moieties @rtbe sdmec moistiesni del y used type of viscosity nodifier for
10 passenger car tor oil,s and heavy-duty diesel engine.oils. Developed in
the i d-1960s, hﬁgfn&&‘é‘ﬁ%th&d’%"@ﬁ i %6‘2?&‘ PR Y‘éﬁ%’sﬂ}si%‘ieff TR ettCar
wei ght and tHQef & iR Bfmulation. Generally speaking, there are two types of viscosity modifier

20  (or viscosity index improver). One is the relative polar ester-type, such as LUBRIZOL

7671™, which is a long chain ester of maleic anhydride styrene 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 INFINEUM 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
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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 equipment 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 190

Specific Gravity 0.87
Viscosity, ¢St 825 @ 100 °C

LUBRIZOL 7075D™ js 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™ series; 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
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synthetic oils arggl ﬁﬁﬁpg %&&g&)ﬁa ofgcg%gﬁga Rhprot@s) AWBLcotifemoBLA! hleY -

The resulting oils are clear an onobgen
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 pyrrolidone 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 modifiers. 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



A di spersant/inhibitor additive package may be added to the lubricant to
break insoluble particles already fornmed and to inhibit the fornmation of
parti cl eswoRantiet es are kept finely divided so that theycxarsoz/aizas n

di spersed or colloidally suspended intthe oil. 20 The di spersant/i nhibitor
additive package is preferably in an anmobunt fromabout 6 to about 18 w %

nore prefer rgigué/s\; %?11 %g‘?% c%n%gmgﬁtgu%?iags \&%ac@iﬁﬂ ‘W&?E‘lﬁ}{fﬁ; rarnﬁ_qe.f MR cRbout

10 to about ergen spersants are polar terials that
serve a cl egnilymgerization bDstyrend@ithmgaeit anhydeide desates habpalybo(bM A3 whivbthak a
salicylates and netal thjophosphonat e]z;gl 5 Di sper%iant i ncl ude gol yanLne
succi ni m dedughsy et transiog| tempesatiny faan pé@f??‘éﬁ’i‘ffr?é’ siiciepsaliyeeacuve wit

pol yhydr oxy éﬂﬁﬁﬁh&iogﬁaﬁoﬁps@ﬁ‘illuE’,OéM%”iBJlﬁné’x@a@'@ ofth HEAChi BEiRis or!@l%ﬁl%ﬂf‘éat s

are general I'y conbi ne di spersant” additives 1 n crankcase oils.
Det er gentss ohissrt Gratbragtioreott reattioneofaihe dnaleic anhwdridesprowiden farhdesivdtile buérdacdalt hey

et compouiistiar Smn SSAA apbmathiti s ronmREa H-Lallsdrer ORNARIE
Lubr i cat i ng @lorahy BaG Hoie\PRICYPLEX T 9B AP A COPL EXAEL Sy WAORIEX ™M 3-
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is derived froma C3 -C4 olefin, WO 03/027212 PCT/ US02/ 30233 18 especially
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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 thiophosphonates.
25 Dispersants include polyamine succinimides, hydroxy benzyl polyamines, polyamine
succinamides, polyhydroxy 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 typically contain
from about 2 to about 5 wt% of detergent.
Suitable ashless dispersants may include, but are not limited to, polyalkenyl or

borated polyalkenyl succinimide where the alkenyl group is derived from a C; -C4 olefin,
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i nhi bitors drdestouki whdanalregdgd@nted. deposits are cleaned off the metal and elastomer

surfaces. Both the suspended precursors and deposits readily pass through commonly

used filters. Ultimately, when these cores are saturated, the dispersant can no longer pick

20  up contaminants, so the oil must be drained. However, the oil is usually drained well

before this happens.

Lubricant oxidation is a chain reaction caused 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 lubricant.
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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used. phenols are particularly usef%(ﬁdzn include for exampl%:, ig-%l-tert- utyl-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 dithiophosphates, 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)-1,3,4-thiadiazoles) and dilauryl selenide 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 Cy¢ -Cso alkyl substituted 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 (obtained from Co
or Cy, alkyl phenols).

Suitable anti-wear additives are oil-soluble zinc dihydrocarbyldithiophosphates

with a total of at least 5 carbon atoms and are typically used in amounts from about 1 to
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ethylhexylacrylate-co-ethyl acrylate) are non-limiting examples of anti-foam additives.
Additionally, by mixing high and low viscosity mineral oils in the formulation, it
was possible to prepare a full range of SAE grade motor oils. Viscosity of an automotive
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 5Wxx,
10Wxx, 20Wxx, etc. are 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 are preferred. Preferred examples useful in the formulation include:
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Table 5A and Table 5B prov1de the formulations and physical properties of
lubricants using polar ester-type viscosity modifiers. Formulations A to C used
LUBRIZOL 7764™, which is a polymethacrylate copolymer, 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 oil 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 Wt% |Wt% [(Wt% (Wt% |[Wt% |[Wt%
Lubrizol 7764™ Vil 1 1.5 2 0 0 0
Lubrizol 7785™ VII 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 III oil 25 25 25 25 25 25
Emkarate 1130™  |Dibase ester 20 20 20 20 20 20
AGRI-PURE 560™ |Modified vegetable oil |balance |balance |balance |balance |balance |balance
Total wt% 100 100 100 100 100 100

20



viscosity nodifier, LUBRIZOL 7075DTM may be limted to about O to about 6
w %in the fornmulation. Table 6A: Fornulations G| Fornulation G H I
ConponentwobDsger2ipt i on W % W % W % Lubri zol 7075DTM VI @C3/080980233 94
Lubrizol 9850UTM DI 12 12 12 Viscople® 1-3004TM PPD 0.1 0.1 0.1 Excel
100-HCTM Group Il oil 0 25 0 Excel 230-HCTM G oup Il oil 25 0 O Excel
575-HCTM Group Il oil 0 0 25 t ' . re20 20 20
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the gelation index maximum of 12. When using less than 2.2 wt % of LUBRIZOL
7785™ the formulations passed the gelation index, but the finished oils were limited to
the SAE 30 viscosity grade. Similarly, using lower than 1.2 wt % of LUBRIZOL 7764™

10  gave formulations that passed the gelation index of 12, but the finished oils were limited
to the SAE 20 viscosity grade.

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 ambient 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% Wt% Wt%
Lubrizol 7075D™ Vil 6.3 7.98 3.94
Lubrizol 9850U™ DI 12 12 12
Viscoplex 1-3004™ PPD 0.1 0.1 0.1
Excel 100-HC™ Group II oil 0 25 0
Excel 230-HC™ Group II oil 25 0 0
Excel 575-HC™ Group 11 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
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Formulation I is an SAE 30 grade lubricant. It is possible to raise the viscosity of
Formulation I to SAE 40 grade by increasing the non-biodegradable heavy oil, such as
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

copolymer type viscosity modifiers in a base oil comprising Group III 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 SW-30 grade oil.
Table 7A: Formulations J-L

Formulation J K L
Component Description wt % wt % wt %
Lubrizol 7785™ VII 1 0 0
Lubrizol 7764™ VIl 0 1.7 1.7
Lubrizol 7075D™ VI 3.28 1.89 1.4
Lubrizol 9850U™ DI 12 12 12
Viscoplex 1-3004™ PPD 0.1 0.1 0.1
Yubase 150N™ Group III Oil 25 25 0
Yubase 240N™ Group 111 Oil 0 0 25
Emkarate 1130™ Dibase Ester 20 20 20
AGRI-PURE 560™ Vegetable Oil balance balance balance
Total wt% 100 100 100
15 Table 7B: Properties of Formulations J-L
Physical Properties 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
CCS @ -30°C D-5293 - 3540 -
CCS @ -25°C D-5293 2050 2090 2230
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Sinul ati on Test (TEOST), and ASTM D-5864-95 5 Bi odegradability tests were
performed at BfB O | Research in Belgium Results are shown in Table 8.
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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 is
10  qualified as easily biodegradable.
Table 8: 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 III 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 grades of Group II

oils were used alone or in combination to make wide viscosity ranges of motor oils.
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.
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MolyFM 2543 Antioxidant
Cargill AP-560 Modified vegetable oil |balance |balance [balance |balance |balance |balance
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Table 9B: Properties of Formulations M-R

Physical Properties M N O P Q R
SAE Grade 0W-30 SW-30 10W-30 [10W-40 |10W-40 [10W-30
KV @ 100°C 10.03 10.15 10.28 13.42 13.5 9.9
KV @ 40°C 49.3 54.8 57.8 77.7 78.8 55.6
VI 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 3.27 337 343 4 4.08 34
150°C

MRV TP-1 @ -40°C  [17,600 |- ; - - 5
MRV YS @ -40°C [0 - ; - N 5
MRV TP-1 @ -35°C__ | - 14000 |- ; - 17,800

MRV YS @ -35°C - 0 - - - 0
MRV TP-1 @ -30°C - - 7,600 11,300 |10,000 |-
MRV YS @ -30°C - - 0 0 0 -
Scanning Brookfield
Temp.
@30,000 cP -33.8°C | -31.7°C |-33.2°C |-27.7°C |-30.5°C |-28.7°C
@ 40,000 cP -35.1°C | -324°C |-36.5°C | -29.4°C |-31.4°C |-30.4°C
Gelation Index 9.4 8.4 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 7.2 8.2
% Loss
% off at 700°C ( Sim.[9.8 4.7 3.1 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,
11, and III test, High Temperature Foam test, EOFT (Engine Oil Filterability test), and
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TEOST MHT 4dl®l%%@mwﬂé{ Arssprsking to( A
Foam Test GF-

D
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ITlﬁﬁtS gﬁﬁ%t I on

H, foam ng/ settl ng equence |1 I foam ng/ setting 0/0 10
max./0 i gh Tenperature Foam Test 'B“qgﬁ F dency 20 M 100 m (max)
Eogm St abi I2|t OmM O EOFT (Engine li’ era ty Test) GM 9099P % FIl ow
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engi ne noun Fapm g5t GF- }h/nam‘)maf er as B8 %0us: 1_/ Theengi r/n Was—dr-ai ned of
exi sting oi Seayense b fopming(seitingt | ty of tggi_m_l_%g 10 rd ”%1?3‘,'/0 10 i nut es
with a fresh fgquensell, ﬁ’amﬂr&{wﬂﬂ&m ne vas allowed”® o drain AR newl oi |
filter and i o) wttlng)f testl oil was i M&t all ed. éomwg\ endi ne was
then start edlighiempeatergFosy Tesicl e was [PRP%2 at ed /10 secondd/ )
Foam Tendency 20 ml 100 ml (max)
Foam Stability Oml 0
EOFT (Engine Oil Filterability Test), GM 95099P / /
% Flow Reduction 24.82 50 (max)
EOWTT (Engine Oil Filterability/Water |GM 9099P / /
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% water 12.36 50 (max)
Gelation Index D 5133 3.4 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 ft. Ibs. torque for 1920 seconds, 71.4 ft. 1bs. torque for 100 seconds
(total aging 9340 seconds), 212°F coolant temperature, and 220°F oil

temperature.
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readings were taken beginning at the onset of each programmed test cycle and ran for
15  the 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
shown in Table 11.

Table 11: Formula R

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

Reference Qil 590 0.90 12.91 1.71

Commercial 10W30 308 1.20 12.89 1.50

Formula R 162 1.10 13.65 1.52

Highway

Reference Oil 141 1.10 13.22 1.14

Commercial 10W30 207 1.00 13.21 1.18

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 II mineral oils (Excel 100-HC™ and Excel

25  575-HC™), a dibasic ester, and CARGILL modified vegetable oil, AGRI-PURE 560™.
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EXAMPLE 8 Table 12 represents a range of SAE grade |ubricant oils
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of G oup :jl m neral oils (Excel 100-HCTM and Excel 25 575-HCTM, a di basi c
ester, an . I | R

PCT/ US02/ 30%@‘%’?%@“&@%@%/ SR |V%%Srdﬁg{3|5§| ve %@g%gﬁvﬁg& oa 55007
and the pourwami'@éom:pr-emnrablmms&lemmeqohymcaméperﬂiesﬁfehe_gllmmblmle% t he

physical properties of the oils in Table. 12. f API
Sh gel a]t i on Thesreformyiations passi ARl s eplatien § ﬁ Sﬁ% ‘fsa%fi‘or Hgssafh@rb%gb'? ﬁZIS‘:md
physi ca 5 Tabl e 12A:
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OCS -30C, cp 30PEe3aHCeg50 RPN Ohcs poo (G0 15003430005 TU00 o
Br ookfiel d TemnCargil APS60 Modificd vegetable oif ' |45.54 |45, v S b R

Emkarate 1130 Dibase ester 20.00 20.00 20.00 20.00

Oloa 55007 DI 9.16 9.16 9.16 9.16

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 \Y
SAE Grade 0W-30 SW-30 10W-30 [10W-40
KV 100°C, cSt 9.62 10.0 10.9 13.1
KV 40°C, cSt 43.3 46.1 61.4 72.9
VI 215.8 211.6 171 181
CCS -35°C, cP 5420 6541 - -
CCS -30°C, cP 3013 3290 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 | -35.9°C | -31.7°C |-314°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 in Table

15 13A
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Physical Properties w X Y Z

SAE Grade 0W-30 SW-30 10W-30 |10W-40

KV 100°C, ¢St I1.1 10.9 11.2 13.2

KV 40°C, cSt 51.9 58.69 61.7 75.2

V1 212 182 176 179

CCS -35°C, cP 5671 10390 - -

CCS -30°C, cP - 5160 6650 6734

CCS -25°C, cP - - 3530 3650
EXAMPLE 10

212 182 176 179 CCS

5160 6650 6734 CCS -25C, cP - -
Table 13B: Properties of Formulations W-Z

Table 14 represents a SW-30 SAE grade lubricant oil formulation 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-

10

3004. To enhance performance, an extra antioxidant was added. This formulation

passed all API SL bench test requirements. Table 14 also discloses the physical

properties of the formulation.



5 Table 14 represents a 5W30 SAE grade lubricant oil fornulation using a
conbi nation of the ester-type and the olefin copolyner type viscosity

nodi fi er swiomsaztzaze oil conprising a blend of Goup Il mpaarEdo2/ei3s ( Excel
100- HCTM and Excel 575-HCTM), a diba3lic ester, and nodified vegetable oil
(AGRI - PURE 560TM . The dispersant/inhibitor additive package was Lubri zol
20000 and the pour point depressant was Viscoplex 1 10 3004. To enhance
per f or nance, an extra‘ahlﬁli%%i)ﬂahlat\ﬂﬂémd(fdé’&ca opertigsaf EprmlatiognAdeg g |

APl SL bench test requirenents. Table 14 also discloses the physical

properties of {Heemdlgtiomyl ation. WD 03/027212 PCT/ US02/ 30233 AP Tahld 14:
Formul ati on an(PABirsiecal Properties of Formul ation AA  FormilS#i%n A SAE
Grade 5W30 Civpoerents s Description W % [z [Pegdptign| 1,30 I Wt#075F VI 1.2
Excel 100-HC Qleupe4dl | O | 5 Excel 575-HC Gillp 1| Ol 19 d@8Bill AP560
Modi fi ed veget dlzl76756i | 40.40 Enkarate 1130 BMilbase ester 20.0:2 |ubrifzol
20000A DI 12. O(ExceVi®addpl ex 1-3004 PPD 0.1 | adbOil - 64 Antj Bxidant 1.0
Total w % 100{HRe4675BKysi cal Properties Kin. |GuglI®N00C 10.94%cSt @ 40C
59.09 cSt VI @il 880 - 35C 12160 cP_CCS - 3pEdéitdaseidle o BS@M.50C 3./5
Brookfiel d TemEn&3© 1000 cP -31.2C @ 40, 000DitRseegXC  Cel at i BRO| ndex| 8. 3
CGel ation Tenp. |LuB2G1 20MR TP-1 @ -35C 15900 cfP! 12.00

Viscoplex 1-3004 PPD 0.1

Irganox L-64 ‘|Antioxidant 1.0

Total wt % 100.00%

Physical Properties

Kin. Vis @ 100°C 10.94 cSt

@ 40°C 59.09 cSt

VI 180

CCS -35°C 12160 cP

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 15900 cP

MRV YS @ -35°C 0

Pour Point <-52°C

EXAMPLE 11

The formulation AA was submitted to PerkinElmer Automotive Research

5  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 III 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.



MRV YS @-35C 0 Pour

Point < -52C EXAMPLE 11 The fornul ati on AA was

submtted to PerkinEl ner Autonotive Research 5 Laboratory (San Antonio,

TX) for hwghstoersper at ure TEOST MHT-4 Ther no- Oxi dati on  En@OorasSoe/b0233
Simul ation test, Honobgeneity and Mscébility (H& test, Foam sequence |,
1, and Ill test, Hi gh Tenperature Foamtest, EOFT (Engine QG
Filterability test), EOWMT (Engine QI Filterability/water tol erance
test), Gelation Index, NOACK Vol atliable15: Resmada Ay Loss, Phosphorous and
Ball Rust Test. In the H&Mtest, the tested 10 oil shall remnin honngeneous
and ni sci bl @ewdniptiomdf tedesti t h SAE r ef|BeseMethodyTest Requlth| o |GRHAB Mclipdtes | he
resul ts. AcgtM itmopaeikST Mistibilg BEst) AIBIM-E4/8.1ojrion-peparetipn t [pen-papfialient est of t he
| LSAC GF- 3/ ABDSEIMHT Ai num per f or mange 68%8ndar’d and pasfed all API-SI bench
tests requi [ efentBEposACRGBY BIEN212 PCT/ US02/ 30288 mg32 Tal#SenglB2x) For mul a| AA
Descri pti on|Foim TReGRFest Test Met hod [Fé% Resullt G--3/API SL Limt Y%
(Honogenei ty &edubmeel Hodmirtgidttingest FTNE 3470. 1 n@M- separ at 1%mexdbn- separ at i on
TECST MHT 4] BedndidblVl, hahiag/selleposit (| Rod + Fif®er) 20. 650mpx4® ny ((nmax
Foam Test GF- 3eduef3®lll, Sedigseaag | fqam ng/set®ng 0/0 10mexxX0/0 Sequence
Il , foam ngigetempéigub Fé&nBstmax. / 0 [Béef2encel/I 1|, foam/ng/setting 0/0]10
max./ 0 H gh Fefpehéher € Foam Test [ 6082 Fo@h Tendencyio@®l &Bg) m  ( nmax)
Foam St abi | |t Yodh QatiFT (Engine O | |[Filterabidity Test]o, GM 9099P / /| %
FI ow Reduct [EOFTIBEngthé Ob Bilteramidey TesBEOM TGHMB0gIPNe /G | Filterability/ Water GV
9099P / / obgrlawmR&udRst) with 0.6% water 22502 50 (mgR)YmaxM th 1. 0% Wwat er
12. 17 50 ( mpOWTWELgnedilHevibiligrwated. 9GBIB0¢aPRX)/ W th 3. 0% wat er 15. 63 50O
(max) Cel at iT@Rrah¢edese) D 5133 8.3 12 (jnax) NOACK, Volatijlity % w |oss|D 972
7.11 15 max| 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 D 972 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 IIIF Test is a fired-engine, dynamometer lubricant test for evaluating
automotive engine oils for certain high-temperature performance characteristics,

5 including oil thickening, sludge and varnish deposition, oil consumption, and engine
wear. The Sequence IIIF Test utilizes a 1996 model Buick 3800 Series II, water-cooled,
4-cycle, V-6 engine as the test apparatus. The Sequence IIIF 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 a 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 oil.



Volatility Loss at 371F 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 m n The

formul atiwo odm2was al so submitted for ASTM Sequence |11 F eagiuse2s@sss. The
Sequence Il11F Test is a fired-engine,33dynanoneter |ubricant test for

eval uating autonotive engine oils for certain high-tenperature performance
characteristics, gl qel ltleNGIFOTst tié*%éfﬁ@& B0 theStestAdRAROTHRE N6 SUrERAS 8D ON,
oi | consunption, an ngi ne wear. e Sequence IIIF Test utilizes a 1996
nmodel Bui ck h38PPorFieniofshd fest. ViBabde 1T distlesks the resylts.e AckordingrtgiAfel MsSeghenceest

tus. The S I11F test [ i i
and uses a HEGMEREFEafiE GhERERHGe RSP 1ot Ak eaid A o oy ey
pushr ods an}e%ﬂﬁéﬁ:@s&nﬁﬁ'h\éﬁd bidst @515 APILSR, bRhtitieBQ réQlileitRts, ar rangement. The

engi ne 10 uses one 1 ntake and one exhaust val ve per cylinder. Introduction

is handled by a nodified %‘g‘?Ege:sf&gétﬁge{aj&%é@&&?f ting the

Air-to-Fdel ratio at 15:1. ne i over haul e rior to each

test, during which C':*r'rcta&%ngi re—tirerstofs—ar SetPEaS Ut ed—ang rated or
nmeasured parts (pist ?:Eamegﬁﬁrvshaft, vatve—H-fters m‘gﬁn Fre—Sequence |1 F
Test consists of a 1{%25%%?’ operait-onal—check—figiTon hours of 15
i 'a v _hiah cnand L aad 2\ A o o R
Fol | ovi ng. each 10 NEIE ek TEmE s e 10 et ebe et oot Tchack.  of I
dlang Oitlet Temperature - =) =0 o 122500 0L ’
Sarrp| es are drawn frgH Protae C YT He e eato GISEkPéaUOI H-es—of the
10- hour segnent sanplelEPWcompared—to—the—v scgﬁ'd —of—the—40-m nut e
sanpl e to determ ne e A Tempeiany Y i-nerease—of—tha-test—oi-—WD{03/ 027212
PCT/ US02/ 30233 33 THLLSEEESHES |11 F Test o opedddibiiar thetést states in
Tabl e 16 during the B ADEW PRRE o of +he test | rhble 47—disel oses the
results. According tGREERrERESURce |11 F ongine PE# s the oilf neets the
bench test of the | LEMNGeOMIRISN o o nimim perf)*’ Hihee—standar d and
passed al | API-SL bepgatherdubeloplaptlioveppni s 5 Ta !T,L/T@: Test—stat es of
Sequence |1 1F testinfeusQibiaglepkloveg: poiny  Engi qi21dBlad 3500 4/ min  Engi ne
Load 200 N-m O | Fi | fpértoBYbR¥0Tepmer ot ure 155 ¢ 1E3%1lant cutle Tenperature
122 C Fuel Pressur elBgaterdipbe CoplaptOutlesfom f8°Q7 ¢ Inlet Air

Pressure 0.05 kPa Inlet Air Dew Popgifie 1B Formulial@ust Back Pressure 6 kPa

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 4.0 min
Hot Struck Piston Rings 0 None Allowed
Cam plus Lifter Wear, Average, um 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 A41,

10  was used. Table 18 discloses a prototype formulation for an SW-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.



Engi ne Cool ant Flow 160 L/ mn

G| Cool er Fl ow

12 L/mn Air-to-Fuel

Br eat her Tube Cool ant Flow 10 L/ mn
Ratio 15.0: 1 Breather Tube Cool ant

Engi ne

Qut | et Tewpasatizz 40 C Table 17: Formul a AA Descri ption ®@CTiUse2/3e@ss Test

Resul t GF- 3/ API

SL Limt

Viscosity I¥crease (KV 400 156.10 % 275 % nax

Wei ghted Piston Skirt Vanish Rating 9.59 9.0 m n Wi ghted Pi ston Deposit

Rating 6.19 4.0 m | lus Lifter
Wear, Average, ’Ead?@%sﬂr'ﬁﬁg rb%ol?l(gg ,ﬁlgagﬁﬂﬁmi §A“<“9¥iﬁﬂlat1§ﬂrnwm of Cold
Struck Ri ngs O rstoaxulamveraqe Ol Ring Pluggiing, %0 NR E LE 12 To
reduce the cost |[SNEGrae | ubricants. a |less expensive dibase eSWel0 Hsterex
A4l, 10 was usecbmpimbbe 18 di scl oses a prot|Besgymsiof or myl at i oft¥eor gn 5W 30
SAE grade. O helLlz7g6ades are also easy to foVHulate with thellB®ss dxpensive
di base ester. Oll079Fess expensi ve di base e¥flers include Esflérex NP 451
and NP 471. TablExcd87H€t her shows the prop€raup BOilof t he foPdul atijon. WO
03/ 027212 PCT/ USDilBAP®8 34 Table 18: For miMatifighvegatedlePiysi AP0 Praperti es
of Fornul ati on ABterckadthul ati on AB SAE G adeDB¥38er Conponeni?89 Descri pti on
W % Lz 7764 VILubfizoBIO0¥ 7075F VII 1.3 Exc®f 575-HC Goup |I2.0Q | |25
Cargill AP560 Mpdisdopled-3084et abl e oil 40.30 |[PRRPerex A41 Di ba¥d ester 20.0
Lubri zol 20000 Drotal®t®0 Vi scopl ex 1-3004 PED 0.1 Total wt PRU®% 00%
Physi cal Properties Kin. Vis @100C 10 5 cSt

Physical Properties

Kin. Vis @ 100°C 10.5 cSt

@ 40°C 56.1cSt

VI 179

CCS -35°C 5210

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 cP

MRV YS @ -35°C 0

Pour Point <-50°C

NOACK, wt% loss 8.6

As embodiments of the 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.

demonstrated above,

Additional characteristics and advantages provided by embodiments of the invention are
apparent to those skilled in the art.

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

10 the inventions.

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
It can comprise any amount of

15 mixture within the compositions given above.

components, so long as the properties desired in the environmentally friendly lubricant



@40C 56.1cSt VI 179 CCS -35C 5210 CCs -30C 10270 TBS@ 150C 3. 32
Brookfield Tenmp @ 30,000 cP -30.3C @40,000 cP -31.4C Celation Index 8.1
Gel ati on wWems/027232C MRV TP-1 @-35C 15000 cP MRV YS @ - $6C/0P6eae33 Poi nt <
-50C NOACK, wt% | oss 8.6 As denpnstri3it ed above, enbodi nents of the
invention provide an environnentally friendly lubricant that neets APl SL

bench test Lfi i i : : % b1 i€t N
ASTM D 5564 05 B J B e o B et
advant ages pobmipbsigen hy sotbhshites ntoslubficdrite foneattmailesr @ capbear vsed o anpose
skilled in the art. Wile the invention h@f ?eenwjescribed mﬁth%hﬁgpect to
a limted nempEenmInt whithogawessas enyrenmentally rendly dpbricant, spehgsea dY3fent
shoul d not ri i t : i i iiwgl e
cmbodi mont 25 PResy e hE o McIREp RARE R R haflir e R Ry R D
enbodi nest s lubrivancammmsitionars devayibddneitiuckéeranteso ausimbenofxsepsd S hasesteps can
characteristics not nentioned herein. |In other engodine ts, the 11
conposi t i ondedaciised ihany srauense. e &IPS INSANIX g pradtedror combingd by s
conpounds a L St e s oL | ady

rod 11 oat i onghpye sEERERAEIEhrS i, ATHORPANAM TRARY TuclLd Shiad Akt
envi r onment alatiytidnsiaad diodificabioncasrfhlling exdthimothe Beo df$herinxentioa. wi t hi n t he
conpositions given ahove, It. can conprise any anount of conponents, so
long as the propeYpatdsclagesdisy in the environmentally friendly |ubricant WO
03/027212 PCT/ US02/30233 35 are net. It should be noted that the
application of the environnentally friendly lubricant conposition is not
limted to |ubricants for autonobiles; it can be used in any environnent
whi ch requires an environnentally friendly lubricant, such as a trucks,
vans or buses. It is noted that the nmethods for making and using the
environnentally friendly 5 lubricant conposition are described with
reference to a nunber of steps. These steps can be practiced in any
sequence. One or nore steps may be omtted or conbined but stil



achi eve substantially the sanme results. The appended clains intend to cover
all such variations and nodifications as falling within the scope of the

i nvent i onwowsar721s cl ained is: WO 03/027212 PCT/ US02/ 3023 2CTAG01/30285
environmental ly friendly lubricant, c¥®mprising: a) a transesterified
triglycerol oil; and b) a first ester different fromthe triglycerol oil;
wherein the . envir g ri | tssat | east 60%

bi odegradabll‘e amfﬂﬁ%@%@l’ngﬁﬁafé)(gﬁﬂgﬁﬁyhfg%&k,ﬁg@?n%ﬁgh about 12. 2. A nethod
of making an enviaoonrrarttaahés;en‘ffreﬂm‘giygerbmrianehnt the nmethod conprising:

bl ending a transesterlfled triglycerol rst ester wherein the
environnental |y i en®firstesisr ﬂ%@ﬁ?mlﬁ'é’“& eﬁ@égger@(@i 'bi odegr adabl e and has

10 a gelation

envi ronmont al 1 JIFESERS iR ale gy | brichdl Ea A SR IBIEUN RS, o
a pol ar $i scosa gylatisitiedes kpy thaenbouwwdd. d) a hydrogenated copol yner as a
non- pol ar viscosity index inprover wherein the second ester is different
fromthe first ey gletRAdfhbRinglan@hygeiméntally friendly ldbrichhe tlenméthodiment al |y
friendly lubricant of claim3 further conprising: e) a dispersant/inhibitor
package; and €gmpiisifgsast one additive. 5. The environnentally friendly

| ubricant of c 3 _wher &l in copolynmer is a

hydr ogenat ed et’ﬁ?ﬁﬁngﬁgtgp%eﬁgﬁge@%s@ @%ﬁ%%gga%rls%?%ver 20 6. Inclaim1l or
2, wherein t hewhé@msmgkwltcfmtamtylfgénmyambhcanths htdedsn60%eiadvgraible nodrhasabout
30 to about 85 wo% 7. Inclaiml or 2, wherein the first ester is in the
anount flPomasgsdasionindexdessisanabont 12xt 95 8. The environmental ly friendly

| ubri cant of, cl ai;m [ | m
about 0.1 t abo&f1 %lr\moo& th%.%% %ﬁ\%ﬁagor??réeetrlll l fﬁeﬂf(n?’ 1&2105&%@3%}%%? hnphS @
claim 3 wherein the hydrogena olefin he anount from

d
about 0.1 to abod? 6 \ﬁts‘% %e?-ﬁ%ag fYIB%Q%ggf'h%FWFOV%&P | ubri cant of

claim4 wherein td} I\thérQk aRRe viseosity thbé& iapeovdr from
about 8 to about 14 wt% 03/ 02 212 PCT/ US02/ 30233 37 11. The

envi ronnent al | whereirethd |s9condbstema|dnff@¢ntcftm thefirgiesies prd thedriglycereb@it. one

15 4. The environmentally friendly lubricant of claim 3 further comprising:
e) a dispersant/inhibitor package; and
) at least one additive.
5. The environmentally friendly lubricant of claim 3 wherein the hydrogenated

olefin copolymer is a hydrogenated ethylene-propene viscosity index improver.

20 6. In claim 1 or 2, wherein the transesterified triglycerol oil is in the amount from

about 30 to about 85 wt%.

7. In claim 1 or 2, wherein the first ester is in the amount from about 10 to about 30
wt%.
8. The environmentally friendly lubricant of claim 3 wherein the second ester is in

25  the amount from about 0.1 to about 3 wt%.

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%.



additive is a pour point depressant, antioxidant, friction nodifier, rust
inhibitor, corrosion inhibitor anti-foam ng agent or a conbi nation thereof
i n the anwoms/ot2em about 0.1 to about 5 % 5 12. The emdrrisomsnsal |y

friendly lubricant of claim3 further3conprising mneral oil or synthetic

oil. 13. The environnentally friendly lubricant of claim12 wherein the

m ner a' oil qr Spﬂlétemfr!érﬁn%éll}’ ﬁleh&l Ui AR M aiin PFh&BRUe & [dast Bn@bout 30
wt % In claim erein t etransesterlfledtrlglycerol oil is a

m xt ure of alddftﬂegsi g/pmrrqjom«ibymtsamsaIﬁroxmdt éﬁrlctmrgbtjﬂﬁelr, obst ptblllytﬂr, ester. 15.
In claim1 or ein transesterlfle tri cer.ol .oil rises a
gl ycer ol p@?@ﬁ‘oéé'ﬁlé?lt%&fmﬁ ming AgeNt of  campina g?g}%{eogg{tgp am% nﬂf)(ﬁncl aimil
or 2, wherei, ﬁﬂ?l EJ%&??W‘/' fied triglycerol oil conprises a non- glycerol
pol yol ester But not" a glycerol polyol ester. 15 17. In claim1 or 2,

wherein the transesterified triglycerol oil is obtained by

t ransest éri figi ng ’Hle\mgﬂombtmaldy friendly ubricantefelaiof3 Bitber cappising minetpl adi ds.
18. Inclaiml F‘l E/nerel n the transesterified triglycerol oil is

obt ai ned by TtV Qi | fying a vegetable oil with a polyol ester. 19. In
claim1 or 2, wherein the first ester is dibasic ester. 20 20. Inclaiml

or 2, whereimn therdel dn§tro@aémilly Fichdlydasicanestictdim 1224hdrdinch@inctalil o2,
wherein the first ester is polyol ester. 22. In claiml or 2, wherein the

envi r onnent alyhthefie pidirinythe ybeunt fiem aboubid: | deialans BO M8%. engi ne oi | .

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

10  glycerol polyol ester and a non-glycerol polyol ester.

15.  Inclaim 1 or 2, wherein the transesterified triglycerol oil comprises a glycerol

polyol ester but not a non-glycerol polyol ester.

16.  Inclaim 1 or 2, wherein the transesterified triglycerol oil comprises a non-

glycerol polyol ester but not a glycerol polyol ester.

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

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

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

transesterifying a vegetable oil with a polyol ester.

19. Inclaim 1 or 2, wherein the first ester is dibasic ester.
20 20. In claim 1 or 2, wherein the first ester is tribasic ester.

21 In claim 1 or 2, wherein the first ester is polyol ester.

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

engine oil.



