WD 2005/ 026300 PCT/ US2004/ 030030 VEGETABLE O L LUBRI CANT COVPRI SI NG

ALL- HYDROPROCESSED SYNTHETI C O LS BACKGROUND OF THE | NVENTI ON Thi s
application clains priority to a provisional application, Serial No.

60/ 502, 66 f pt enber 12, 2003. The present invention is directed to

| ubri cant 9‘3’8&%‘%@?%&% Specifically, it relates to vedefGBI¥ OB pased

| ubricants that conprise synthetic oils made by all-hydroprocessing routes.

More speci f VEGSETABLE OI2) aCBRIC ANTUCO MIRISSNG EILL-STYDROP ROOBSSED properti es
i ncludi ng viscosity index, pour _points. |ow tenperature punpability, |ow
volatility, oxidation stabilit§YNJHEFIGOMS|nsulating value, the ability
to fornmulate different viscosities, and m crobial biodegradability. It is
generally known that vegetable oil based |ubricants can be formed using

addi tives including the non-lube portion of natural vacuum gas oil

f eedst ock BAH GROUNEROE THHOBRBENTIONNUf act urers have often used traditional
chem cal -sol vent refining_ processes to renove the undesirable non-I| ube

nol ecul es fr omibipaprjisation qlaips pripoiy tof Profyisionglapghicadion, SeggbNor ef i ning i s

consi dere ~actd i n that the solvents do not han th
0B0SHY, Akl OFL5803, s s change t he

nmol ecul ar gstr%g%rlgegofe&t%ﬁlgédgg?g%d product. To further enhance the

char act eri st i c$hofrescheinsoitior it direefeil telibbeamecampositiops r frgeifiadliyg it rélatee. |,

hydr of i ni shi n is.. .sometinmes used to.saturate.the npl | es maki.ng t hem
"eas susc bptipbae by oispautaes Habiviatiss Puifiai neatPuat b Finprashe. 1t s
gener al | y r6u&0 gidré Ssteifizally, hrelarh tomubiidans tha prRtdedhRthckd plop&akyent processes,
al t hough useful, is typically very mld, resulting in mniml change to the

primary, SEEHEAASFOSIHHadeXe POUT #Pitss low mperatugs pumabilitn lem selaplitsduct .

Vi scosity r.esi : il 2 j scosity change
as terrpero g{ag@é S((:\ﬁg)ntﬁé’gg& &%@%ﬁ%ﬁq&ﬁ@hg@?@ﬁ?ﬁé f(?rrglru gdltés(%lgtgﬁe}éf the viscosity
over a W discositenyrad aicrobial Bindperadabiligt her words, the higher the VI, the |ess

an oil will thjcken as it gets cold a t less it widl thin out at higher
emer atur es. ploviPADY B PERE vPtla Rl Sas s ERiln o B oo Renper at ur e
extrenes. afdiaiacichekid@e anelluby dbBios 0NBItHLEBfacOlin @40il REdsticRg processes t hat
use catalyst and hydrogen at high pressure to make hi_gh-(gualit | ubri cant

F

base oi | s Higtgriralprbasaqihgarufacturespdaypefsnopehionlitons) depoghso soo siining
processes to remove the undesirable non-lube molecules from the gas oil portion of the
crude oil. Such refining is considered a subtraction process in that the solvents do not
change the molecular structure of the desired product. To further enhance the |
characteristics of the solvent refined base oil, hydrogenation (i.e., hydrofinishing) is
sometimes used to saturate the molecules making them less susceptible to oxidative
degradation when used as a lubricant. It is generally recognized that hydrofinishing
associated with solvent processes, although useful, is typically very mild, resulting in
minimal change to the primary, secondary, and tertiary structure of the finished product.

_ Viscosity Index (VI) measures the resistance of an oil to viscosity change as
temperature changes, The higher the VI, the more stable the viscosity over a wide
temperature range. In other words, the higher the VI, the less an oil will thicken as it gets
cold and the less it will thin out at higher temperatures—providing better lubricant
performance at both temperature extremes.

Hydrocracking and hydroisomerization are refining processes that use catalyst

and hydrogen at high pressure to make high-quality lubricant base oils. Hydrocracking is



used to inprove VI and renove inpurities, while hydroisonerization converts
wax nolecules into high quality lubricant conponents. Goups 1, 11, and |1
are broad categories of base stocks devel oped by the Anmerican Petrol eum
Institute for _the Qurpose of creating guidelines for licensing engine oils.
Typi cal Iy, YSQPPR40%f i ned base oils fall into Group |, PREUSB0KGEPMpr ocessed
base stocks fall into Goup Il. Unconventional Base Gls (UCBGs) or

Very- Hi gh Wedsd msve A andriediowd ipuGidsc@hild BRlebidsndazatth donberts@up |1+,

t hough not a olffj cial, APl degi_gnati on is a termused increasingly to

descri be GF“B[}'B“ P§ N0y gtk quality WPtigRat compopents- 119) and | ower vol atility than
typi cal group I(h stf)@lés. oug | ,oils contain high |evels of sulfur and
aromatics, whi cH4PE" § bropdl gategosiss of bass$tetks devalencrbn dhe

Hydr opr ocegaRelc{a muBlchin B&futk fdr (R hitp QB ¥EcAWR oul @URdsSFor l‘?cfen%i%?%de”pu“ ties,
which result in enhanced oxidation performance Tor fully-for ed

| ubri cant sQIISQélB@I‘Pﬁ”%éﬂllVﬁﬁtﬁgﬁlmdcb@@stégfalhiameGrfo@P evhils hydwpoicessed bdse synt het i ¢

oils. For i . on.,Pr adu any

ent 1 cd: SRETRL o G 1" Ui RERRERBE ST CHA BV PRI SRS e (e
1999 Lubr i arambenally\larcesridetas Grgyp I[INovenber 11-12, Houston TX (Nati onal
Petrochem cal & Refiners Association) discloses an all-hydroprocessing
manuf acturing r h i hr, YL s .
significantly aﬁ%hgé é%%?@‘g%aﬁﬁgﬁ%% Eg&%ﬁ@!@ﬁ lg’%é%'g{l%g‘gal%ﬁeé?é@%é? om cont ent
of the nol desolitesGioop lrspreby ef Hiptesr V1K LiSr 1 10pbndigwpr aydeility than tydkdl ggenlli s added
at hi gh tetrr@i%rature and pressure in all three steps to make oil of
exceptionaf0 ability. Inmpurities such as sulfur and nitrogen are
essentially conpletely renoved. In Goup Il rmanufacturing, feedstock is
converted to satieupd eds conthirchigh teyele of sutfueshd avomstpawhith hrsompiesst | ve
species, s %pca%

virtual ly gone%é"%@%@gsrgﬁ?r@iag%%ni&‘%&%&@%@%&%ﬁﬂ?ﬁ%ﬁﬂ Wﬁ%&l!&é{?ggg’ 3;2

per f or mancef, thése Ghp@itie ONHIEH resltihahhindsd oadfion psdortlahed RARSH-fofmlakd ¥, the
paper conc|udes the analysis of the feed and product froma comerci al
Group |11 PPBEA™S: i on run, which shows that a vast majority of feed

nol ecul es are s%nt hetjcally altered by the three catal ytic processes used to
make modem al | BF5HIBHHBE BOsEaeS RV IIE] 2 prys elassiaf syntheiiepdls Batul t s support

the clai m ghafpie a WehOAFaR2 8300 EclidPRORA:QIRY30y entitled: “The Synthetic
Nature Of Group I1I Base Oils”, Presented at the 1999 Lubricants & Waxes Meeting,

November 11-12, Houston TX (National Petrochemical & Refiners Association)
discloses an all-hydroprocessing manufacturing route that combines three catalytic
processes to significantly and selectively change the size, shape, and heteroatom content
of the molecules to improve their lubricating properties. Hydrogen is added at high
temperature and pressure in all three steps to make oil of exceptional stability. Impurities
such as sulfur and nitrogen are essentially completely removed. In Group III
manufacturing, feedstock is converted to saturates, which are enriched in isoparaffins.
Reactive species, such as those containing aromatics, sulfur, and nitrogen are virtually
gone and species that create problems with low temperature performance, such as normal
paraffins, are also eliminated. Finally, the paper concludes the analysis of the feed and
product from a commercial Group III production run, which shows that a vast majority of
feed molecules are synthetically altered by the three catalytic processes used to make

modem all-hydroprocessed Group I1T base oils. These results support the claim that



nodern Goup Il base oils, made utilizing an all-hydroprocessing route, are
essentially man-nmade or synthetic and have advant ages over ol d technol ogy
hydr ocracked base oils. In addition, their high performance in |ubricant
applicatiop |l ows themto be used in high performance products often

for mul at edwja %%PF’?ZP%?& tional synthetics such as pol yal ph‘é@@%"?ﬁ‘"’(:’?%@)) . The
reference did not teach the use of all-hydroprocessed group |1l base oils
as a raw nmbdem Groubdll bhdeenilpy mpdenailizing an kil drdpgradiab reuts @gedsedntiallyoi | based

| ubricants. Patents that er al di sclose,Jubricants th an he formed
usi ng vegetdbM8i%yTsyat %&F %‘ﬁg‘ﬂbe ar‘%v%l"“tﬁﬁsg“?rr?iq ﬁ%@"’b%. ya"é’fnfag][&ﬁ{%aﬁe, Y43, 673;
U.S. Pat. INeddifioR3HeiSffh pddfcPmatiatin ¥ecant BoHodtiohd Bllow@ier tSbe Bal.in No.

6, 528,458 all of which are fromthe Lubrizol Corporation (Wckliffe, OH).

Addi t i onal igapesiraajeserafyets ofte formplatedavithgradisional synthetips suah aspat . No.
6,444,622 | Sdgthafylgﬁh gft}QO)Etﬁﬁélrefg%W&i@Bbtqghcﬁﬁe?lﬂ%?%-h%’cﬁ%;gf}{:éso%d dratpent. No.

6, 528, 458 oses that” conpositions conprising bricating
vi scosi t y; I mpe Gilstas dirase magpinbfot (18, pfepatuitiad pblzrodegradBNE Dy getabl et based | ve of
DMTID, or niquturtes thereof; (e) a friction nodifier; and (d) a dispersant,

are useful "P8¥™ ubricating a transnission having a plurality of wet

clutches and a Ralesfsahdtfgynepdllynigcldsalubrip@itethatidaaBE Farfsd Qsing hédetable other ei n
shifting of gears occurz@b aporocess corgri Si r;g synchroni_zation_ of an
engaged arfhdEronpllans s e[yS%1$-t |aéIN°c-l5éH§E7 s &4 3k Al ’2§H§4O;éﬁ§a%’éMt of a
vet cl utchg 444 fas. 5%12@.?? PN 0. &, B L5E 4D oF'leﬁi_%h ARGRord EﬁtLu%riEcﬁ'@o'qSHf Qibsl y variable

transm ssi on can ubricat éd by supplying to thema conposition of (a) an
oi | of | ubiWickliffea@H)i dldigionsd;paiehts inchudgils petat . 6,388,847 end &.SdBatelNgent . At

| east one di,sper sa nd. t he. det er t (c) is a borated species,
and the an@%ﬁ’@fbokhoﬁ%rﬂ ﬁ?éétg lﬁorﬁ?oﬁ f%lgﬁ%:cgmrrlﬁo%’%?@c'm is sufficient to inpart

i mproved frictilos. Raeht At 6,53%4Budiclq@eOherdo@ssitienstdompeising ¢ iah bidof when

ot he. real PGB BtAB0Y: b 2.4rihssto-1 denesisetn (b fre i "and at | east
one am ne S§EigsLefilhRMHRET IE)QUREATREifiENEhd (d9X 8RPGEME ardiiRPEHani di ne,
area, thioruea and salts thereof and a phosphorus-containin di spersant are
useful as lybreatiog h trasftissiandsnving alurplity efwetduicls:s 3oda lraliyy efcpagiids t hat t he
react i on PLagGhnliafin HERSLAONG S CH0.SATRAIY £ pRELA cBiidhg | cast one
synchronization of an engaged and a non-engaged partial transmission shaft and
engagement of a wet clutch.
U.S. Patent No. 6,451,745 discloses that a continuously variable transmission can
be lubricated by supplying to them a composition of (a) an oil of lubricating viscosity; (b)
a dispersant; and (c) a detergent. At least one of the dispersant (b) and the detergent (¢) 1s
a borated species, and the amount of boron present in the composition is sufficient to
impart improved friction and anti-seizure properties to the composition when employed
in said transmission.
U.S. Patent No. 6,444,622 discloses mixtures of the reaction product of at least
one Cs-Ceo carboxylic acid and at least one amine selected from the group comprising:
guanidine, aminoguanidine, urea, thioruea and salts thereof and a phosphorus-containing
dispersant are useful as gear oil additives.
U.S. Patent No. 6,303,547 discloses that the reaction product of at least one Cs-

Ceo carboxylic acid and at least one amine selected from the group comprising:



WO 2005/ 026300 PCT/ US2004/ 030030 guani di ne, am noguani di ne, urea, thioruea
and salts thereof is useful as a gear oil additive. U S Patent No.

6, 251, 840 di scl oses a lubricating/functional fluid conposition which
exhibits in use inproved antiwear and antifoam ng properties. The

i mpr ovenenyg 2ob8nkdoh fromuse of 2,5-dinercapto-1, 3, 4- t&ﬁﬁﬁ@g}l e and

derivatives thereof together with silicone and/or fluo A®3%nt i f oam
agents. U. S Patent No. 6,103,673 discloses a conposition conprising of an
oi | of | eHridiaeisyneguaHdinELyyea. highersand saltsshereofiis ussbilay a geatiofli er; at | east
0.1 percenlqhy. wei ght of an overbased netal salt; at least 0.1 percent by
wei ght of at | east one phosphorus conpound; and 0.1 to 0.25 percent by

wei ght of a cofb$ FatentoNo.of, 251840 dsslosdswdubricatifg/ functionabiildit esmp@ition des an

i mproved fl ui.d Xg]?"r' conti.nuous]y variahle.transm ssipons | east one of the

AL
friction MOHTYEFRLs fIuss dnBroyeaaivgsn 3 @nifoRRINe PEIRSFLCS] Rle ImArpYementsy s of

fatty acirekuitiavi wg ofll,5ldmsicat6- 13- DRMAiRbR ARG dWAFAGARGYIS thdidazahki nes
containing at least 12 carbon atons in the hydrocarbyl group, and borated

epoxi des. Sitsang #dir fiyprgsiliconsfantifgam agentet i on nodifiers is limted to those

anmount s whi ch Qﬁ@\ﬁagﬁtﬁo_glto%li%%gﬁgfg%%% .\%S@%ﬁ&{rﬁ%ﬁg% offEnilSﬁ iopn of at | east

about 0.120 as neasure e rences do not disclose

enabl i ng leksichtimgrtiscbsityyalskdar gatde gooisaty modifies at tastifi Ingerécannbpiveighigdt abl e oi |

and hydroprocessed base.oil.s roup IL1) a hys fail ,to, teach or suggest

the advant3§e¥ %fg(g%ﬁ‘zf‘aétda%e?sﬁggL‘i’E‘%eIfté’ly rﬁﬁ@g P%ﬂg‘?asmd’é?gﬂ’hﬁms- o

hydr opr oc gssgeurdl £id0.1 1d 0.33 gsdent B GeigBitfhachbinabonbiidl a8 tselmaRh refining

steps, when |t cones to purltﬁh,they far surpass Goup Il or Ill base oils
]

made in " ARAskficEs prevides an ippEqved Riddenontisumsly seriahle ranspusssi Agleastn f act
t hey cont gj - i ot rent | ' ein

m ner al - bgggghgigfi&%vﬁog L@Yﬁ%%lﬁ{t%d %Eﬂs‘a é[rﬁg’nﬁogh!’gﬂg@ﬁi Jf‘%lcc%lr??b%%g* f or mance
advant age .acids hasiyght dgsioldemsion gtanse hyhiesrityh ingidasliegscoatifing dtdeast 12

hydr ocr acki n hydr oi someri zati on, d hydrofinishing.,In the.first step,
hydr ocr ael?f‘rtl?gf,l attoﬁé "?‘rgﬁe %P’ %W@fﬁ e ?"@&(’raﬁ%{fmﬁ’é‘ﬁ? S@ﬁggté‘lsaé’é%nf ah t}‘? all ot her
non- hydr ogagth@inddiisss stlindfedas obeemtRes viHich proPige a AMeailBd-hetl adegfiGaitur at ed via
hydr ogen addition. Mol ecul ar reshapi ng. of renaini n}gl q:'sat urated species

occurs as o fiifgen aF @ legsertedt A Jsaraaryehat ldBiebsARFM-¢edi stributed, driven
by thernmodynamgs, rtErF]ble§ Q@H%t'dgs’%o@@éﬁﬁliﬁgaﬁb[liéaﬁlﬁo ;[JIEMOIEQ:B%% G ean fuels

are by- products o s an ubsequent” steps 0 e process.” In the second
step, combination of vegetable oil and hydroprocessed base oils (group I11) and thus fail to

teach or suggest the advantages associated with such formulations. Because all-
hydroprocessed Group I1I stocks are manufactured with no solvent refining steps, when it
comes to purity, they far surpass Group Il or I1! base oils made in "hybrid" plants that
maintain some solvent processing. In fact, they contain the lowest levels of impurities
currently available in mineral-based oils, which, in turn gives them a significant
performance advantage.

All-hydroprocessing includes three steps as follows: hydrocracking,
hydroisomerization, and hydrofinishing. In the first step, hydrocracking, the majority of
sulfur, nitrogen, and essentially all other non-hydrocarbon impurities are removed and
most aromatics are saturated via hydrogen addition. Molecular reshaping of remaining
saturated species occurs as rings are opened and paraffin isomers are redistributed, driven
by thermodynamics with reaction rates facilitated by catalysts. Clean fuels are by-

products of this and subsequent steps of the process. In the second step,



4 WD 2005/ 026300 PCT/ US2004/ 030030 hydroi soneri zation, n-paraffins and

ot her nol ecules with waxy side chains are isonerized into branched

nol ecul es with nmuch | ower pour points. The majority of remaining aromatics
are saturated and the majority of remaining sulfur and_nitro species are
renoved. MP2&¥PWal step, hydrofinishing, any renai nPﬁE{Uﬁ@ﬁ“/?sg@Bar affin
inpurities (sulfur species, nitrogen species, aronatics, and olefins) are
renoved tbydroiameeriidaémelnsparaﬁﬁnd andnﬂenmlecixlsswﬁhwmj silechairs adi scarded and/ or
spent | ubrj ants .are a ﬁ% qoncerns t %tl nered to. bte g dress For exanpl e,
bi odegr adaBl € resi stant JUBFFe: ﬁt‘% AR ST B R yg’f‘@ fen i npr operly
di scar dedre@ﬁauﬁﬁg:ardman@ldr@/smstedhadcghdmajmw sfhemaiaihgisuldnrm@ahitroke | nvasi ve and
persistent nature of su tinues to be.a health concern in

h terials co
aquatic aﬁkfcleéﬁﬁfrF‘P?Veén&? th%ﬁé'rﬁ@ hydgolgdings Ay temeiing nugeparafittear ch
ef forts Cophirie(shfucspRliay odgU do Bk TBoRTatidY, &m@ﬁ&za@%%% pagel ons of raw
materials to provide inpfove Iubrlcants hadvi ng a hi gher degree of
m crobi al leyeledegradabi lity. Patents that teach bi odegradabl e |ubricants

i nclude U.S. P S. Pat. No.

5 563, 672, U, semipent il Bt aRparabPlugd penb bty a5, O 0 10
6, 620, 772¢ormohs thabneclas be M?ﬂresﬁcdS%r éahpld, biodégrudubteresistant flutpiznntRemewabl e
Lubricants, Inc. Hartvglle and .the cq terlLys,o whi ch re herein

i ncor por aPlERs B CGORYSER %‘"“W%Pebléildégﬁ‘i@e 536?1 ally dsrhmierhiiolReof nat ur al

oi I's, syntRgidnfmentOiThe invafide A detsrdichR Rhtarelo? siihQMAtekea1LEdnBiflds Y@ bd b i cant
conpositions. Qther related patents that teach the inportance of veget abl e
oi | basedhesdihondert mrﬂﬁu@ﬁdmd E@dflll prowameaidalbi overgome theselisines, researclpat |

0. 300, 292, 4,800 510 MR L OB Ly 87 DARARA RN /AL IBUA | e

| ubri cant § d&scri ave e |ve egr adabl e
properti eso providt eprepidrlubricahts bavihg ahighar depiee of/mmeaﬂinal baddegmd:ﬂiﬂutye

conposi tions adth ro t erefr t here
remai ns a need ?6‘?‘3 &’éb‘é{‘@ﬂﬁ‘@%&aa lﬁ%@:‘gﬂcqnﬁfﬁ g&fﬁ‘t’s p@éﬁﬁdﬁ 4§5eé$nt heti c
oi l's made PQa/NeIésﬁav@b"zowsa@aﬁmbngssmze&s whi, KB, posn/oFieUENPansRd properties
i ncl uding viscosi tg i ndex, pour points, |ow teggerat ure punpability, |ow

i

vol ati | it $,6243%4:d4Bi Ra Ne. S920,773, aﬂéUe'%tPlﬁi &gt 6,535 4 4aal) @fgvlv@ e fromhe” ability

L0 TOr Mt &l Blifihnis, the BIAWNS D ARA o &Rt Br Wi AAFORAERD! | 1LY SUMMARY

CF THE |
incorporated by reference. The patents describe a combination of natural oils, synthetic

oils, and antioxidants to provide effective lubricant compositions. Other related patents
that teach the importance of vegetable oil based compositions and their biodegradability
includes U.S. Pat, No. 6,300,292 granted to Nippon Mitsubishi OQil Corporation.
Although the lubricants described above have effective lubricating and biodegradable
properties, in the spirit of continuous improvement, alternative compositions and the
improvements there from are needed.

Therefore, there remains a need for vegetable oil based lubricants, comprising
synthetic oils made by all-hydropfocessing routes, which provide enhanced properties
including viscosity index, pour points, low temperature pumpability, low volatility,
oxidation stability, electrical insulating value, the ability to formulate different
viscosities, and microbial biodegradability.

SUMMARY OF THE INVENTION



5 WD 2005/ 026300 PCT/ US2004/ 030030 The present invention is directed to
vegetabl e oil based |ubricants using all hydroprocessed synthetic based
oils. The lubricants are shown to provide enhanced properties including
Vi scosity i X, pQur point, |low tenperature punpability, low volatility,
oxi dati on s‘?&g?qs’i']? 9 el ectrical insulating value, and mPETBISRWH030030

bi odegradability. The |ubricants of the present invention conprise: 1) at

| east one veget Al @esehl ins@itios isedlreb @0 +d3etaBle O Pas@Miricahd dsingAt-ur al
veget abl e gg&r@mggleg%petl c vegetahle oil, genetically nodified vegetable oil,

and mi xt ur systhetig basedails. The lubritantiaie Hioveide seavidesphened i ¢ base oi |
having a s fg)?bﬁies RORARP VisG indeR, Pur bcﬁﬁélomﬂgga%e eﬁ%ﬂ{ty, IGRturates equal
qua

to or grea .than 90 percent, and a viscosity iInde to or greater
than 120: #elatilitg)oxdatipe ssbilibnelecirical insildting valhand mbsrobial islegnadabilitar act er i zed
as havi ng enhan ] ' ' r bility making themenvironnmentally
friendly. Sur prf@eﬂﬁgglicéhgg)lg?{lg p?%?r%ﬁ%%ﬁ%n%omcpé%e'have an all- hydroprocessed

based oi | content griahtdeast breenvegdiablé o Sectsidrqrr e gidnip dbipeisingi eledr adabi ity
test method ASTM D- 5864 FNZ\% | ti mat.e bio Egr_adabi,lity PW. is the fastest
and nost conpl ete type'Ht feste HE VegyiaRle oile psnstep! ymodifind vseeabia
Furthernore, the invenjl \\ad aQpRstHekdns have excel l ent rheol ogi cal
properties and a super high viscosity index of about 120 to 200, naking

t hem particul arly ugef #fileagbonerp)ldvdtaprasessed synthetip hassiodldiagingfalsuifers, engi ne

oi s, gear ofl, rock difddu ohibro &dC DAL Sl Bl b3y gificpdl e ol ls,
conpressor oils, grease base ol l's, corrosion in 1 Bior o S, h85F t r ansf er
oils, cable oils, chaithanP0 g¢rcgeremdalvisporitydsiex @ijla to oregredterbanki2fgardi | s, and
el ectrical insulat i3ng cii I 5 I n .angt her aspect, the present invention

di scl oses a nethod for 2t FRs PedBEPAEn of vegetable oil based | ubricants

conpri sing the Theanbricdhis ade chafaciéligddn@ hating SRthceaRBiciBaebRBBadRbllirsel ect ed
fromthe group conprising: natural vegetable oil, synthetic vegetable oil,

genet i cal | rakpattereaviregaeslydticadly. Sundsiglysome sompesitiass cahavpraeitdi ng at
et one ol RSSO 3R b s LU conent
biodegradability test method ASTM D-5864 Pw1. Ultimate biodegradability Pwl is the
fastest and most complete type of biodegradation as defined by ASTM D-5864.
Furthermore, the inventive compositions have excellent rheological properties and a
super high viscosity index of about 120 to 200, making them particularly useful as
hydraulic oils, transmission fluids, engine oils, gear oil, rock drill oils, circulating oils,
drip oils, spindle oils, compressor oils, grease base oils, corrosion inhibitor oils, heat
transfer oils, cable oils, chain oils, general purpose oils, metal working oils, and electrical
insulating oils.
In another aspect, the present invention discloses a method for the preparation of
vegetable oil based lubricants comprising the steps of:
1) providing at least one vegetable oil selected from the group comprising:
natural vegetable oil, synthetic vegetable oil, genetically modified vegetable
oil, and mixtures thereof:
2) providing at least one all-hydroprocessed synthetic base oil having a sulfur

content equal to or less than 0.03 percent, saturates equal to or greater than 90

percent, and a viscosity index equal to or greater than 120;



percent, and a viscosity index equal to or greater than 120; 6 WO

2005/ 026300 PCT/ US2004/ 030030 3) providing at |east one antioxidant; then
blending 1), 2), and 3) to formsaid lubricant. Another aspect of the

i nvention gv%l 5@%{ a nmet hod of enhancing the lubrication of mechanical
equi pment n’% p g the steps of. a) providing at | eastCHRBRN4IPBEant
conprising: 1) at |east one vegetable oil selected fromthe group

conpri si ng: natir@bvidinggelcadtbre aitloxidapnihbet i ¢ vegetabl e oil, genetically

nodi fied vegetable oil, and m xtures thereof; 2) at |east one

al | - hydr oprocessed synthetic base oil having a sulfur content equal to or

| ess than Heddk ,rzgezﬂid 3) sforh ahi@Sutpra@l to or greater than 90 percent, and
a viscosity index equal tqo or greater than 120; 3) at |east one antioxidant;
then b) addi ng Aetwﬂ@f@@@qtp@éleammn@fat@m @lmethbﬂpéamanmnweéwhraawqm prent . In
accor danc invention, a |ubricant conposition
i ncl udes S%WPefggldsn?&g% veget rﬁ&%tﬁé&gﬁg}gt ed fromt he group conpri sing:
natural vegetab)e pIOIvzdn%mﬂdwtqne Iulmgmttamhprmmg genetically nodified
vegetable oil, a es t r t one synthetic base oil having
a sul fur content qﬁta{f"as?% ‘?eg?eggo'tlﬁ%{ﬁ“ %%@Pﬁ?g}?g@ﬁg %ﬂ‘i‘Ha]satur at es

equal to or great er videableadipntiRic REFEAN oil, aOMtiadlly BeGHePNBetaBBbilOXi dant . In
accordance w th anot her aspect of the present invention, the veget abl e oil

is selected from t R Prbups Bewpki si ng: sunflower oil canol a oi | soybean
oil, corn oil anULasPhde all hd [.f@q j
I esquerel | a oi |, IDZc?ra ig 0|ea Q%J O\fslst’asfgé”sqtﬂ%lhc%&Q)1 alvr %%hn 8\%‘;’%1? oil, high

ol eic canola oil, hegtal ol ailass Sl‘@ylﬂé)émemﬂmt Saturghs ajueitoocgreateothhm 90 hi gh ol eic

t oil, high ol tt l. ffl | d t
{Oﬁg?gof ?I In ai:gorgaﬁ%rgengmo@ﬁgqhsgé%gﬂn%g68‘&1 o‘?cr g[sr%ée 6&%‘538? i nvgztl gnnx ?Lgs

vegetabl e oil is 3)patelessnind antiotidantgi greater than about 10% based on
total weight. 351 accgldance wi.t h anot her e}spect of the present invention,
I

the vegetabl e i adding anclfretiyspmgpnbelisaidiubricant insadseBpmenoo, based on
total weight. IR RERAAGARELoNM dshecPBIGhd flesdb REEH o] 2 IuBfcdM EsifsitloRvVent i on,

the vegetable oil is
includes at least one vegetable oil selected from the group comprising: natural vegetable

oil, synthetic vegetable oil, genetically modified vegetable oil, and mixtures thereof, at
least one synthetic base oil'having a sulfur content equal to or less than about 0.03
percent and saturates equal to or greater than about 90 percent, and at least one
antioxidant.

In accordance with another aspect of the present invention, the vegetable oil is
selected from the group comprising: sunflower oil, canola oil, soybean oil, corn oil,
peanut oil, palm oil, castor bean oil, cotton oil, lesquerella oil, crambe oil, safflower oil,
high oleic sunflower oil, high oleic canola oil, high oleic soybean oil, high oleic corn oil,
high oleic peanut oil, high oleic cotton oil, high oleic safflower oil, and mixtures thereof,

In accordance with another aspect of the present invention, the vegetable oil is
present in an amount greater than about 10%, based on total weight.

In accordance with another aspect of the present invention, the vegetable oil is
present in an amount less than about 90%, based on total weight.

In accordance with another aspect of the present invention, the vegetable oil is

present in a range from about 10% to about 90%, based on total weight.



present in a range from about 10%to about 90% based on total weight. 7 WO
2005/ 026300 PCT/ US2004/ 030030 In accordance wth another aspect of the
present invention, the vegetable oil is present in a range from about 30%to
about 70% based on total weight. In accordance with another aspect of the
pr esent inw}ogsg ,Sche vegetable oil is present in ara ﬂe from about 40%
to about 60% on total weight. In accordance w t hP@HBtNe40388hect of

the present invention, the base oil is an all- hydroprocessed synthetic base
oil. In accor daf'ﬂ(aa:owiahbb ﬁﬂ@hﬁtﬁfﬁer@@ﬁeﬁf t1f prédest iRvEEeMthd MERAbIQA.is t he base
oil is present . in an _ano reater than about 10% based on total weight.

In accor daMe¥ P erangsdioes OéIE 76 0 out e heedontorlWaight on, the base oil is
present in an IaRRRdanbEREh Eﬂ@%r@&ﬂéb@of%?re@%ﬁ%nﬂﬂn Rl @ég[eﬁ(gfe%tﬂtts In

accordance wi th anot her aspect of the ent 1 nvention base oil is
present iHegntiangengedom aisgtd0% oveboot @lbﬁseg@%totblasﬂallton total weight. In

o asent i n o naRoar ke AREE kG R Bk B et P i e gt 1

accor dancehydrdprocassed byerthetis paetoilof t he pr esent invention, the base oil is
based on total weight. In

present in a ran%;&({‘?é1 bouth 40% t o .gbout 60%

accor dance witH TRare ‘é@b%‘lﬂt o5 ASTEHT HiedBeshat INYRPE AR thbase Ab Isgeserlxi dant i s
sel ected fin@iainBentGratR t1aAXB6WS DY basBdhN &3l N%l‘g%f‘o' S, and mixtures thereof.
In accordance w th another aspect of the present invention, the anti oxi dant

is present inlaaeaiigecs wishmuathon aspectof dactpsesapgurengon dhe hpae oidl isqeset al
e O dannARSABGRIGS i Do B4 ELcf SPERL Wlanl 1o DL ESONL et O, e

ant i oxi dant resent abo 0.25% to about 1.5% based on
total weight. In amutan@bawnleanmlteln amﬁtdﬁﬂfe mapatdhventiod, iee Hse s Biprésaient i on,

t he anti oxi dant i.s res e from bout 0.5%to about 1.0% based
on total w8 d?‘ﬂgeflioﬁl W&FPC%OWS{% ﬁ’i?f’l‘?@rmt e of the present invention,

the conpositiomy a(fdéfdah@ef witlﬂ@ddﬂdﬁﬁsp@&t df ﬂﬁ%ﬁres@ﬁﬁn@éﬁ%ﬂ itNEnast b isaficietd ve ¢ hosen

fromthe group conprisin anti-wear inhibitor, extreme pressure additive,
friction nddirfnesdron ghopt U iaahosk 70% brsed sndotal weightbi t or, pour poi nt

depressant, taqﬁb§ao?danc n@?@@kﬁ@ﬁ%ﬂ& presTRli R ent§RGh 3k 8 is Jroam

i nhibitor, emulsiftier
in a range from about 40% to about 60%, based on total weight.

In accordance with another aspect of the present invention, the antioxidant is
selected from the group comprising: amines, phenols, and mixtures thereof.

In accordance with another aspect of the present invention, the antioxidant is
present in a range from about (0.01% to about 5.0%, based on total weight.

In accordance with another aspect of the present invention, the antioxidant is
present in a range from about 0.25% to about 1.5%, based on total weight.

In accordance with another aspect of the present invention, the antioxidant is
present in a range from about 0.5% to about 1.0%, based on total weight.

In accordance with another aspect of the present invention, the composition
further includes at least one additive, the additive chosen from the group comprising:
anti-wear inhibitor, extreme pressure additive, friction modifier, rust inhibitor, corrosion
inhibitor, pour point depressant, tackifier, viscosity modifier, metal deactivator, foam
inhibitor, emulsifier, and demulsifier.

In accordance with another aspect of the present invention, the at least one

additive is a phosphorous amine salt of the formula:



I n accordance with another aspect of the present invention, the at |east one
additive is a phosphorous am ne salt of the fornmula: 8 WD 2005/ 026300

PCT/ US2004/ 030030 X 0 + ('R90)"-P-(XNRLOR22R23% H vvherei n RO and R10 are

i ndependent |y aliphatic groups containing from about | to about 24
carbon at o8 200R8234hd R23 are independent!|y hydrogen oﬂ’ TGSaM403%3% r oups
containing fromabout | up to about 18 aliphatic carbon atons, the sumof m
and nis 3 and is oxygen or sulfur. In accordance with another aspect of
the present inveitiqn, the phosphorous anine salt includes RO contains from
about 8 up keyllpcaxhpopdfens, R10 is CH3 Ru'C CHy wherein R 1 is an

al i phatic group contg ning fromabout 6 up to about 12 carbon atoms, R22 and
R23 are hydrogen, mis 2, nis | and X is oxygen. In accordance w th another

aspect of JHagiPrREsRK'" m@\qﬁrebersaemhteh@hatc dré@Rlco@BRingdefh bhote ] u§ t¢hosen from
the group conmprising (in th ow ng l1st, the dlfferent additives are

separ at ed ab?”‘@ér?ﬁ@@’l’ BRET: Rpﬁ@%BL@FméeP&meﬁ@)’ l;ggrpgqﬂamah@ha{tlﬁgrqum mula: X 11 +
ROQO -P- | hat
(E;r OU|)os cont ai ni g ¥ror?1u<t31 UB\M.'%;OG{ sz{ﬁ%h&@(c)&&@%gﬂ caf (@)g&gﬁgqrrgﬂdl%ﬁgalng %ZIBCare

i ndependennd X 1hyxtrgbgensttinfur al i phat | c groups containing fromabout 1 up to
about 18 aliphati car bon_.ato and.n i X is oxygen or
sul fur; phosph@? IV ’f‘ﬁeﬁgthsaéllo{a%h ‘ﬁ@?{f‘ﬁgreﬁﬂ{pﬁweﬁmﬁﬂﬁ pﬁosf’%omu
amine salt includes R® contains from about 8 up to 18 carbon atoms, R'® is
fi?Ha
RUM—~C—
!
CH,
wherein R'" is an aliphatic group containing from about 6 up to about 12 carbon atoms,
R™ and R* are hydrogen, m is 2, n is 1 and X is oxygen.
In accordance with another aspect of the present invention, the at least one

additive is chosen from the group comprising (in the following list, the different additives

are separated by semicolons): phosphorous amine salt having the formula:

II +
(R%0),,—P —(XNRIORZRZ),
H

wherein R” and R'° are independently aliphatic groups containing from about 1 up to
about 24 carbon atoms, R* and R? are independently hydrogen or aliphatic groups
containing from about 1 up to about 18 aliphatic carbon atoms, the sum of mand nis 3

and X is oxygen or sulfur; phosphorous amine salt having the formula:

X
+

(R90),—P = (X NRIRZRS),
H

wherein R® and R'° are independently aliphatic groups containing from about 1 up to
about 24 carbon atoms, R? and R* are independently hydrogen or aliphatic groups

containing from about 1 up to about 18 aliphatic carbon atoms, the sum of mand nis 3



(ROO) p P-(XNR1OR22R23h. H wherein RO and R10 are independently aliphatic
groups containing fromabout | up to about 24 carbon atons, R22 and K23 are
i ndependent|ly hydrogen or aliphatic groups containing fromabout | up to
about 18 aliphatic carbon atonms, the sumof mand nis 3 9 WO 2005/ 026300
PCT/ US2004VO030393630%ind X i s oxygen or sul fur, wherein RETAEFANL0B93G r om about
8 up to 18 carbon atons, RI0 is CH2 R11-C wherein R 1 is an aliphatic

group contaad Xiingxyfgenor abfatwierdipR? coneda@iiton] 2bdi@B RPRo 8¢ SFBon figms, &1 R23 are
hydrogen, .mis 2, nis | and X is oxygen; phosphorous conpound having the

fornula: K19 RI5P=X R21 wherein R 9, R20, and R21 are independent hydrogen,
an aliphatic or al koxy group containing froml up to about 12 carbon atons,
or an aryl or aryl oxy®group wherein the aryl group is phenyl or naphthyl
and the aryl oxy gpu@.i s phenoxy or naphthoxy and X is oxygen or sulfur;
N-acyl derivative ofisarcosine having the fornmula: R8C=O | CH3NCH2COOH
wherein R8 is an ali®hatic group containing from| up to about 24 carbon

atons. | n_qgne. gnbodi t., R8 contai.ns.from6 to 24 carbon atons, and in one
enbodi ment” F1 nhglés ?“oaq%ggﬂcc%wﬂ’o??n%‘%%ﬁmﬂﬁm@ﬁgrﬁﬁlt‘éa'?ﬁ“t éﬁ%’ﬂ?ﬂ #PWe of N acyl
deri vat i ve’bindsef aedytiegers niNis 2R IAmIN (sbxPaed; ShRFIASRCBMAIndiYHene wher ei n

R8 is a hepttgdecenyl group; 1imdazoline; triazole; substituted triazole;

tol u-tri ad® @MUKyl ated pol ystyrene: polyal kyl nethacrylate: ethylene

vinyl acetate; polyisobutyl enes; polynethacrylates; olefin copolynmer; ester
of styrene mal eigg anyhdri de copol yner; hydrogenated styrene-diene
copol yrmer; hydrog&pated radi al polyisoprene; alkylated polystyrene; funed
silica; conpleﬂﬁéﬁkex; and food grade tackifier.

RY

wherein R'®, R% and R?' are independent hydrogen, an aliphatic or alkoxy group
containing from 1 up to about 12 carbon atoms, or an aryl or aryloxy group wherein the
aryl group is phenyl or naphthyl and the aryloxy group is phenoxy or naphthoxy and X is
oxygen or sulfur; N-acyl derivative of sarcosine having the formula;
REC=0
CH;ILCH:COOH

wherein R® is an aliphatic group containing from 1 up to about 24 carbon atoms. In one
embodiment, R? contains from 6 to 24 carbon atoms, and in one embodiment from 12 to
18 carbon atoms. An example of an additive of N-acyl derivative of sarcosine is N-
methyl-N-(1-ox0-9-octadecenyl) glycine wherein R¥isa heptadecenyl group;
imidazoline; triazole; substituted triazole; tolu-triazole; alkylated polystyrene; polyalkyl
methacrylate; ethylene viny! acetate; polyisobutylenes; polymethacrylates; olefin
copolymer; ester of styrene maleic anyhdride copolymer; hydrogenated styrene-diene
copolymer; hydrogenated radial polyisoprene; alkylated polystyrene; fumed silica;
complex ester; and food grade tackifier.

In accordance with another aspect of the present invention, the anti-wear inhibitor
is from about 0,1% to about 4% by total weight, the corrosion inhibitor is from about
0.01% to about 4% by total weight, the metal deactivator is from about 0.05% to about

10



I n accordance with another aspect of the present invention, the anti-wear

inhibitor is fromabout 0.1 %to about 4% by total weight, the corrosion

inhibitor is fromabout 0.01%to about 4% by total weight, the netal

deacti vator is fromabout 0.05%to about 10 WO 2005/026300 PCT/ US2004/ 030030
0. 3% by toﬁg,al %m t he pour point depressant is fromabout 0.2%to about

4%by total " "'wei ght, and the viscosity nmodifier is f r orhH 5310 @(@%to about

30% by total weight. In accordance with another aspect of the present

i nvent i on0.3¢hey Dol kekhqhd polak b{blhnieprehﬁntfﬂé Griomaddouit 0, ﬂ/o@@%dwél%bi?libtaﬂ% by total

wei ght, the_ npetal deacti.vatoy. 0,05% t o about 2% by total
et gt | aETRE HESTEPTEY THOMS S ROR St SiveBGRPRAR b PELOSERD0% by ¢ ot al

wei ght. I n accaygdanasceiith a%BﬂiE%Fec@§P@@breQJnt {R8nRIne 8RRbrrb AN ERAibAGy T he
synthetic base oil has a viscosity indeXx equal to or greater than about

120. | n adclorraabrie 0P taio ahatt Ak Dytsisbweighis themeetq) dearsingror isviom abont t he
conposi ti r I out 60 to
about 600 e rap a2o 0% Bk N A LB il RER B TR

i nvent i on abdth20%biydahl weightchar acteristic is in a range from about 200 to

about 400 m nutes n accordance w th_, anot her, as ect of the. prese
ovent fon. |t helaeager S P adtcl O RE P N ERi: HEHIbS s,

conpri si NGas SYiddsie indexe&full todAgRaRl han MYy &dphaol ef in, unrefined oil,
refined oil, re-refined oil, and m xtures thereof. In accordance wth
anot her aspect Itofccemance vatheanptheraspent pothe PresqrbirvsReian: thewRmAgsiten hagbr i cant
conposi t | Oklﬁgtécﬁl%%ﬁragtgﬁstﬁtﬁg? %Ie frBﬁPa\Bb G@Q Fhou %@@{wrﬂﬂ@s vegetabl e oi |
sel ected rom rou ura vegetable oil, synthetic
veget abl e oi l Ing@nmtlam:alvhgh anmhdr zfspaxﬂo%getead:ﬁt mvenﬂiqn tedxiviaiorur es t her eof ,
provi di ng Iea t . ane syntheti,.c pba ving a sul fur content equal to
or |less tﬁgﬁaﬁ‘ﬁgﬁf 159183 ;@gh?bou “Ust%%fﬂ”é @g A to or greater than
about 90 per cep acchaMeiitihnathet £p&dt oPIRE pRddnt @xiehtadi, thedask &l ieadiesry t oget her
the vegetable oil, the base oil, and the at |east qne antjoxidant. In

accor danc@epil Bhoseibfierathe@pur eorpmisigesyiedesnteribatectib Pelalphralefisy | cant

composi 1 A oifl Btk olicRstaRAGIYEAGARKR hixloSe) ected from the ar oup
conprising: sunflower oil, canola oil, soybean oil, corn oil, peanut oil,
pal m oi | cast & acberdanceiwith anothenaspedd of the p@sqmmhm@,emeihodmmblnglal
safflomer i 0l.eic nf] ower ail . . hi ol ei ¢ cangl thh ol eic
soybean 0|l’19b“°ﬂ'?tgfﬁg‘8?sé1i“?fl 1881?"&655%‘9 S,teﬂfiiogﬂrc’&d&ggﬁ B3 S0F VERg i%?lbsﬁllecg °di ¢ cotton

oi l, from the group comprising: natural vegetable oil, synthetic vegetable oil, genetically

modified vegetable oil, and mixtures thereof, providing at least one synthetic base oil
having a sulfur content equal to or less than about 0.03 percent and saturates equal to or
greater than about 90 percent, providing at least one antioxidant, and blending together
the vegetable oil, the base 0il, and the at least one antioxidant.

In accordance with another aspect of the present invention, a lubricant
composition includes at least one vegetable oil selected from the group comprising;
sunflower oil, canola oil, soybean oil, corn ¢il, peanut oil, paim oil, castor bean oil, cotton
oil, lesquerella oil, crambe oil, safflower oil, high oleic sunflower oil, high oleic canola
oil, high oleic soybean oil, high oleic corn oil, high oleic peanut oil, high oleic cotton oil,
high oleic safflower oil, and mixtures thereof, wherein the at least one vegetable oil is
present in a range from about 40% to about 60%, at least one synthetic base oil having a
sulfur content equal to or less than about 0.03 percent, saturates equal to or greater than

about 90 percent, and a viscosity index equal to or greater than about 120, wherein the
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hi gh oleic safflower oil, and m xtures thereof, wherein the at |east one
vegetable oil is present in a range from about 40%to about 60% at |east
one synthetic base oil having a sulfur content equal to or |ess than about
0. 03 percent, saturates equal to or greater than about 90 Percent and a
vi scosi ty WHaWY0%a%Wal to or greater than about 120, whEFLURZPHEEE o ,
2005/ 026300 PCT/ US2004/ 030030 base oil is present in a range from about 40%
to about 68% LS Preseidin prreeafemeReEdnte t°§m"éé9c@datf1?3éhﬁ’ltek?étlg¥16@$ conpri si ng
amnes, p : S present
A ange e B S ey b S P T e
addi ti ve chteddant isgpmeseiidn grangp froomboitd]. 59@10 dmﬂ 1Q%aand at idakst Qrmraddiexet,r ene
pressure nodi fier. t i nhi th(g corr05| on inhibitor,

r

pour poi nttﬁ‘%%dp‘)ﬁté‘@ﬂ?ﬁeﬁho{ntg?(grfoflgfom?f %’Ego ty© USRS ct i vat or

f oam i nhi kidbiive, fEeAbnghddifdr, ruatrldmbiﬂ@nwrmsﬂ‘on eﬂubztw,qfoat poibtRpahQSi ONn
inhibitor is about 0.05% to about 2% by t ot aI the netal deacti vator

i s about CadkHer+bscanbyumodiionmetal @Q?Pté‘[a“ﬁeﬁoﬁﬁt‘ ﬁf‘ﬁ% eﬁ‘b‘l}?‘ ot depressant is
about 0. Z%eh%lsﬁﬁ?%hefle%mécb% niﬁﬁfb%ntls aﬁdéﬁiobb% M'aﬁ&f?%b/} IRdukia 1S about

1% to about 20% by total weight. In accordance w th anot Her asp ct of the
present i rthr@mmabdractalatmcﬂ”@wﬁh%%m/met 0. %%rbl}’étvtnh wigjekts the paettpobrie | ubri cant,
the at |east one t i veget.abl 0i.] .sel ected
from the. QPRERArAN L g o e erS, Bl hERPt BT Fe VPR B RunSublore of 1

geneti cal |1)%fﬁiuﬂ)bf1’d2ﬂ%kl}e@)&ﬂablght oil, and m xtur es t hereof, at |east one
synthetic base oil havin sulfur ?qlt ent equal to or Less than 0. 03
percent, satur &t BRSORTLS W thepaspsgtaof t etpﬁ’éﬁ“t%ve%?‘bér‘i‘ﬁec afpes! 4 cosi t y

i ndex equaéomtafhn%r at HaQ 8 Tubkan, t%@&le@ﬂ%&ﬁbrkcﬁﬁ‘ﬁhc]ﬁd{@ at I%Q§t'oﬁé((/é§%ﬁbhe wherei n
the | ubricant has a viscosity index greater tha and passes

bi odegr adabi seletigd fremthmnohbgommmganag@thgﬂnbbe oxlaméwtlayw@tb@ oibbj ect s,

f
or di nar: | yeoRiAU SRR Rablepl< T, BAEARBbe PAETS hOBaLRHC Sudlee BRPRIPT O One
i | 1 ustrat i taging Iaeulétﬁﬂmdueﬂ&qhsl to BETEA thizlD. ﬁEﬁ(ﬁRlnP'Eht@dt@Eqﬂ'd-HEo biNYENE| ON The

conpositiopns of the sent jnyention conprise ne veget abl e oil
sel ect ed fiPEhI% pRECegh %cga vigeRsity @idpyeauakio gy greate e é%(? éﬂ east Oft het i ¢

veget abl e thleidmﬁ%élﬁﬁellﬁr@ﬂ'ﬁak @d:st’c%ﬁ?‘hﬁi@k ?reﬁie{r thaAMgh Mdaees thereof. In
one enbodi nent of invention, the vegetable oils include saffl ower,

canol a, pelaodﬁgrad@luhﬁy test m&@dé@ﬂ\é%ﬁﬂ%@wl)

Other aspects, objects, features, and advantages of the present invention would be
apparent to one ordinarily skilled in the art from the following detailed description
illustrating the embodiments.

DETAILED DESCRIPTION OF THE INVENTION

The compositions of the present invention comprise at least one vegetable oil
selected from the group comprising: natural vegetable oil, synthetic vegetable oil,
genetically modified vegetable oil, and mixtures thereof. In one embodiment of the
invention, the vegetable oils include safflower, canola, peanut, corn, rapeseed, sunflower,
cottonseed, lesquerella, palm, castor, meadow foam, and soybean. Suitable vegetable oils
are further described in U.S. Pat. No. 6,534,454 B1, incorporated herein by reference. In
another embodiment of the present invention, the vegetable oils are high oleic sunflower
and high olcic canola, primarily because of availability. In one embodiment of the

present invention, the vegetable ail is present in the composition in a range of from about
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cottonseed, |esquerella, palm castor, neadow foam and soybean. Suitable
vegetable oils are further described in U S. Pat. No. 6,534, 454 B1,

i ncorporated herein by reference. In another enbodi ment of the present

i nvention, the vegetable oils are high oleic sunflower and high oleic

canol a, prigar.i ause of availability. In one enbodi nent of the resent
i nventi on, &ﬁé%fﬁ’é’%ﬁ@bl e oil is present in the conposi til’&rWS%"‘]&’”i’“&%epof
from about 12 WD 2005/ 026300 PCT/ US2004/ 030030 10 percent to about 90
percent, i A0apeericr atwubPtipareant. it Mwthes gabedimentshd vagstablemih isfromtab8@ 30per cent

to about 7 ent i.n. anet her .enmbodi yrent.,. . t he etabl.e ol is from
bhout 40" BERERSE Moy Dbent AR L SonErEReR I tunt MeekRRSHOT 5Padibar ¢ nan o0,
al t hough s#Qlpkrecemonaiupé@pecenti A Regetibiecopicas gkted thyedl, iabRoughstilless desirabl e
in that there is, a regluc ion in, oxjdation and colcf_ll t}eirnr'pe_rature, stability.
The conposPHERPBEd Y “&&‘%B@Fﬁm G0N 18 4S8 driable dbthat there sy regprdion in -

hydr opr ocegggieicyHaReid temP@sBreQtdbitc@roup 111). Al -hydroprocessed synthetic
base oils are available in the industry from base oil producers I|ike

Chevron and canThecqnsgitienaf tha pregert insenian cpmpeisesiat ieastanged- but are nornal ly

in2 4, a ' : . Adil - e se oil is
pr esent in%J %rép @gé}r%éod??’ﬁ ‘:ﬁgﬁc llga(r%éiléa)t]>l F%\‘é’gﬁ@f Aﬁ?@%@@&ﬁ%@%@?ﬁ%@% gl%about 90
per cent, amacdhilabledmthedmineuly fremtbasd sibproduverstlik8 Chpene emt candbegbalutedid percent,
and i n another enbodinment, from about 4 ercent to about ercent. A
Goup 111 SR roRts itk oo FERBRALb A BOuRdPEuORFL R 0BT Bk o 1 n
that ther e ajydropRAesséd e bilis fRéseatas iRABRIPbAitioh in BhEneUTHOS dboaniof the
present invention cor‘rgrl ses at | east one antioxidant. In one enbodi nent of
t he presenPeicpifénetoyh0 pavecnhind dxerganbedimeat. fiem aRabiid perenolo appe8l ,  but

ot her anti qxi.dants I.OX] I ' | etail in
US pate téllscgrﬁh%:ngr]g?r[og%g Hﬁgggeﬁtvgﬂﬁﬁﬁg&g?tg%ge?&f ggézi{t]th ?g%c!gg.nﬁ lsg’ué)jresent

i n the comiibadeicdlicontent geatanbpm & pefaeanis ddsodisiralild inphatabare it aoreddmion irb. O
percent, and in gqu}ﬁ enbodi nent, from about 0.25 percent to about 1.5
percent, afPiH2GRi%er embodi ment from about 0.5 percent to about 1.0

percent. The | ulpné elosiiag ofithe Qrdseitinventicihdhdels@ dt Babtonb ShitiddAS Nh D- 2272 in
a range of from about 60 to about 600 mi nutes, and in one enbodi ment from

about 200 ®hhenbadimentabBgrresewt inveRtien dhe apfpdanisinclyde saige gader MNAxygen
P 2ot =S, PR USRS AR A At ohoauanin g S oe
presence ofpaisats dtcogroehtal leogpey reference. The antioxidant is present in the composition in

a range of from about .01 percent to about 5.0 percent, and in one embodiment, from

about 0,25 percent to about 1.5 percent, and in another embodiment from about 0.5

percent to about 1.0 percent. The lubticant has an oxidation characteristic using ASTM

D-2272 in a range of from about 60 to about 600 minutes, and in one embodiment from

about 200 minutes to about 400 minutes. This test method uses an oxygen pressured

bomb to evaluate the oxidation stability of ﬁew and in service turbine oils having the

same composition (base stock and additives) in the presence of water and a copper

catalyst coil at 150°C or according to the selected standard

Other Base Oils

If desired, the inventive lubricant may contain other oils comprising (1) synthetic

ester base oil, (2) a polyalphaolefin, or (3) unrefined, refined, or re-refined oils, and
mixtures of (1), (2), and (3). These base oils are further described in U.S. patents

incorporated herein by reference. The base oils can be present in the composition in a
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catal yst coil at 150C or according to the selected standard O her Base Qs
I f desired, the inventive lubricant may contain other oils conprising (1)
synthetic ester base oil, (2) a polyal phaolefin, or (3) unrefined, refined,
or re-refined oils, and mxtures of (1), (2), and (3). These base oils are
further des®PEPPHOU, S, patents incorporated herein DECTBIEPERIE0 The
base oils can be present in the conposition in a 13 WD 2005/ 026300

PCTI US2004 /080 08 fromrahogd Ogkrcentamebdnd 8@ paCenpemd énonet amnbeldount, §bnparoment , and
in one enbadi nent, fro bout = 30.percent to.abqut 70 r.cent nd in

anot her en‘ggt?ﬂ?ﬁl?{tt? alq m REEUY: aﬂgugaé}o@"gﬁfmé%hm rﬁo%?m B‘P"Eéﬁé’ﬁrﬁf’qt?‘ff desired,
t he invent iaygutlsoREice@Nt may contain ot her ingredients/additives including

antiwear inhibitors, rust/corrosion inhibitors, pour point depressants,
tackifiers, viYcdssiedytheimieativs lgbricent may okt pther peredicnls/pddifespr essur e ( EP)
addi tives, :fni¢ti it or j\fd : .
denmul si fi erléﬁﬁ%%gﬁ%e%gﬁgl %tglﬁ’? gStggg&ém@%@ ar g&ytﬁﬁégﬁhgétgglfig&d in nore
detai |l in UVisBosifyampriversj metal deactvatas, haremaprepgune ERY alditives, Thaioaddi ti ves in
this invention.include:. The Anti..wear Inhjhitor,,Extre Pressure Additive
and Fr ot 1 GO fredt bR SRS dsRlsHi e PR M Rl s ent
invention utd futtE@slessfibadin myvedbtail iMUISO patarts mCopeatddineimidretdréetl on

nodifier. Anti-wear inhibitors, EP additives, and fiction nodifiers are
avai | abl e of f t ITRe sdudfives i tiwiAvendon ptchdef vendors and manufacturers. Sone
of these additives can performnore than one task and any may be utilized in
t he presentThe Avigwdapinhitiat, Bxgeiho Ocbsauradddititandifondon Madifigpr oduct that can

provi de anti-we EP, reduced fri ci; on, and corrosjon ,i]_nhi bition is

r!
phosphor ous an 1e PESYFRE VG1ar PR ERC s AhIprdRoe, e Ricsent mrgigiamuBligRirAatiosre3) © H
wher ei n R9 jaiehidREP ARivk BRERRNSERbEYieR! ARNREAGIFHRHR EPCRARiRE DAY from about
| up to about 24 carbon atons, R22 and R23 are m;;gendently hydr ogen or
al i phati c dic6opmodigierstass aMareple pid theabeldi from angriety o wendorsigdamangfatrass.car bon

atons, the Sso%noﬂhe%é]aa%ﬂpvfe?cdnspegfgﬁr:?ﬂg)r%ﬂggrf%f@fgﬁ%d%%%ﬁl% bULrinideR iPBE

enbodi nent, contal ns om-'a carb
present invention that is food grade. One food grade product that can provide anti-wear,

EP, reduced friction and corrosion inhibition is phosphorous amine salt of the formula:

+
(R90),,—P—(XNRIORZR2Y),
H

wherein R? and R'? are independently aliphatic groups containing from about 1 up to
about 24 carbon atoms, R* and R® are independently hydrogen or aliphatic groups
containing from about 1 up to about 18 aliphatic carbon atoms, the sum of mand n is 3
and X is oxygen or sulfur. In one embodiment, R® contains from about 8 up to 18 carbon

atoms, R'"" is

?Kv
RU—C—
!
CH;
wherein R'! is an aliphatic group containing from about 6 up to about 12 carbon atoms,

R* and R¥ are hydrogen, m is 2, n is 1 and X is oxygen. An example of one such
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atonms, RL is CH3 Rn-c- ~3 wherein R11 is an aliphatic group containing
fromabout 6 up to about 12 carbon atons, R22 and R23 are hydrogen, inis 2,
nis |l and X is oxygen. An exanple of one such 14 WO 2005/026300
- PCT/ US2004/ 030030 hosphorous amine salt is Irgalube(r) 349. which is
. commer ci al | yYYRHI2HPL from G ba- Geigy. Another food gr&ﬁg%gﬁwvb&3§¥/EP
;inhibitor/friction nodifier is phosphorous conpound of the formula: Rig
R 0/ P=X Ry ptvepherous Rhihe skl? @; Irgphtbe®BU0 awldch indepancdaily dvyidbbbgfesm Casn-al | phati c
~or al koxy gr@u containing from1l up to about 12 carbon atons, or an aryl
~or aryloxy g¢ E% wherein the aryl group is phenyl or naphthyl and the
saryloxy group is AbereRyd@iadeaptitiexypP ahtbitsy/ frietio®xwgdiRr Rphssphblats An exanpl e
~of one such phosphorus conpound is triphenyl phosphothionate (TPPT), which
s connercidFWﬁp&Wgﬂﬁﬂ%ﬁE“Wﬁbn1Ciba-Geigy under the trade name Irgal ube(r)
- TPPT. The anti-wear inhibitors, EP, and friction nodifiers are typically
,about 0.1 to about 4 weight percent Qfiw the lubricant conposition and may be
used separately or in conbination. TheX\Corrosion Inhibitor To prevent
‘corrosion of the netal surfaces, the p invention utilizes a corrosion
tinhibitor. Corrosion inhibitors are avgi/l able off the shelf froma variety
.of vendors and manufacturers. Any co™® osi on i nhi bitor may be utilized in

typi cal Ty aneheoig R0 o PR e e et bR oF sar ki 'S
- conposi ti on. confrigAefreftagitoebdut 12 babe0EAS 00t afhoriryioky pous afipreingkd of a
corrosion adgrlylt glri\D/l?p is phenyl or naphthyl and the aryloxy group is phenoxy or naphthoxy and X is
oxygen or sulfur. An example of one such phosphorus compound is friphenyl
| phosphothionate (TPPT), which is commercially available from Ciba-Geigy under the

trade name Irgalube® TPPT.

The anti-wear inhibitors, EP, and friction modifiers are typically about 0.1 to
about 4 weight percent of the lubricant composition and may be used separately or in

combination.

The Corrosion Inhibitor

To prevent corrosion of the metal surfaces, the present invention utilizes a
corrosion inhibitor. Corrosion inhibitors are available off the shelf from a variety of
vendors and manufacturers. Any corrosion inhibitor may be utilized in the present
invention that is food grade.

The corrosion inhibitor is typically about 0.01 to about 4 weight percent of the
lubricant composition.

In one embodiment, the corrosion inhibitor is comprised of a corrosion additive
and a metal deactivator. The corrosion inhibitor and the metal deactivator can be food
| grade and comply with FDA regulations. One additive is the N-acyl derivative of

sarcosine, which has the formula:

RIC=0
CH;NCH;COOH



and a netal deactivator. The corrosion inhibitor and the netal deactivator
can be food grade and conply with FDA regul ations. One additive is the
N-aryl derivative of sarcosine, which has the formula: R#C=0 CH3NCH2OOCH
15 WO 2005@%&%@%& PCT/ US2004/ 030030 wherein R8 is an aliphatic group

cont ai ni ng %38 to about 24 carbon atons. In one ERBSENRENI0RS
contains from®6 to 24 carbon atons and in another enbodinment, from12 to 18
car bon at owhereiArRBéxam:liphattn‘gramp @athiting/Eorofl vn-taeldut décarbed atems.on @ar cosine i s

N et hyl - N-( 1- 0x0- % oct adecen gl yci ne wher,ei n i s. a.heptadegenyl

0 oup. Ty SobQBTRE GRS FHLY ol afrt B el sRERER PR G0 name
Sar kosy! (1o 18.ca¥af tfdés. aﬂda'xmhq}m of n hdUidaz@IN-1g! edrivatiee dfoargkiaeisN\NN  RL7_ / /
N R 180H wherein R 7 is an aljphatic group,containing froml up to about 24
car bon at of&th3hl-(Rp#o-9rastagdeceny R glvame VHFEHHR ce ahsptadsse gemwpr ThS to about 24

carbon at Ofgivafift iQQ%ilﬁﬂ@%h{’@ ElﬂGeriT@ %%déglitgﬂacﬁlﬂﬁﬁl@ﬂaﬂ&§ﬁ®%.cOnt aining from 12

to 18 carbon atons n one enbodi Meént, contains fromlto 4 carbon atons
and i n anot her Amithaiaddinive isRhBlagdingnf defigratfie group.  An exanpl e of one such
i mdazoline has the formula: N CH3(CH2) 7CH=CH(CH2)7_ / ) NJ CH2CH2OH and
is conmmercially available from C ba- Geingy under the trade nane Amine G
Typically, the corrosion additive is outy 0.01 to about 4 weight percent of
the lubricant conposition. |f theRéHd'ztiv is the NNacyl derivative of
sarcosine, then, in one enbodinent, itb*' about 0.1 to about 1 weight
percent of the lubricant conposition. It the additive is imdazoline, then,
in one enbodinment, it is about 0.05 togapgut 2 weight percent of the
| ubri cant conposition. The lubricant can include nore than one corrosion
wherein R'” is an aliphatic group containing from 1 up to about 24 carbon atoms and R'®

is an alkylene group containing from 1 up to about 24 carbon atoms. In one embodiment,
R'7 is an alkenyl group containing from 12 to 18 carbon atoms. In one embodiment, R'S
contains from 1 to 4 carbon atoms and in another embodiment, R'® is an ethylene group.

An example of one such imadazoline has the formula:

N

CHa(CHZ)‘tCH:CH(CH:)v‘-(/ j

N
CH,CH,0OH
and is commercially available from Ciba-Geigy under the trade name Amine O.
Typically, the corrosion additive is about 0.01 to about 4 weight percent of the
lubricant composition. If the additive is the N-acyl derivative of sarcosine, then, in one
embodiment, it is about 0.1 to about 1 weight percent of the lubricant composition. If the
additive is imidazoline, then, in one embodiment, it is about 0.05 to about 2 weight
percent of the lubricant composition. The Jubricant can include more than one CoTrosion
additive. For example, the lubricant can include both the N-acyl derivative of sarcosine
and imidazoline.

The Metal Deactivator

One metal deactivator is triazole or substituted triazole. For example, toly-

triazole or tolu-triazole may be utilized in the present invention. However, in one
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additive. For exanple, the lubricant can include both the N-acyl derivative
of sarcosine and imdazoline. The Metal Deactivator One netal deactivator
is triazole or substituted triazole. For exanple, toly- triazole or
tolu-triazole may be utilized in the present invention. However, in one 16
WD 2005/ 02636020080268#82004/ 030030 enbodi ment the tri azol BEPESIBIB4P; az0l e
sol d commercially by G ba-Geigy under the trade nane Irganmet(r) 39, which
is a food gemdedimenighoiriazolqisgpibaripsole solbeommertialiehy€ibaciagy islente redo. 05 t o
about 0.3 t conposition. If the netal
activator :Ng&n%mrg% t®§% Wﬁ?ht‘g}%{‘oc’dgg‘igﬁ%{gg% 05 to about 0.2 weight percent
of the | ubricant Tgmoglysihe nmal dédctibaoghk abdmoaﬁtd ahoaal.3 meidhb péroent afthet he

corrosion inhibitor have b £ descri bed be i ncluded in
a single ché‘lr‘h”(%ﬂtcﬁ%}a‘i’sfti‘% g melal actple! “S #eﬂ}/egﬁ’i‘?aa%?h AR or and

t he corrosi @rnwagatwc@ﬁto@mmmmqmbm@me non-food grade additive

Lubri zol (r) 5186 which is avail ablée form Lubrizol Corporation. In one

embodi ment,  LubAithenzhithe migerriirhibiies and e sorrasioaphibitar haws ben dpwsribetht of the
| ubricant c %gﬁ 9;@29 ht percent
of the Iubr::2 ant%’&ﬁ%t%ggeé%g%ﬁgp&%re ot g&g{éveai\}??-&méﬂg (?t orpand

t he corrosi antiwehi ibhiboer aad ¢he cocdosiche chhibitot dre invbmled fmtbdngt-ﬁmbd mﬂﬁmﬁzﬂlmse is

Ci ba- Gei gy 3050A. _I.Nn 3050A . s 0.4 to about
e et oY TR s T S BTl o, G CrOR g i

enbodi ment, Laberi®G1868 Webakty. PRGNt wdight |’perckmbalf tiraftricadit@mipasitioPgidnt
Depressant There is a natural stiffening at |ow tenperatures of vegetable

oils, es peciimnopher gabedimpiteatsu 52§WF1$hhquﬁe§h°fﬁB%'Ghﬁ%3&f urathgsxampieent . Thi s
is anal OgOU%VhEF R tolehs b (&@ﬂj 1Hﬂb1t&fan9 %[é%FQ&otho%P e ﬁ‘fchﬁle%ﬁpﬁlg fidh-
tenperature O nmaintain t our vegetable ol at reduced
t enper at ur edood gradvedditive lsrféb&ﬁsa}@()ﬁ@r\ .abhchng epbodimsoi, Aiba-Qepy 88¥anis. Pour

poi nt depressants Iabl of f .t el f from varlety vendors and
manuf act ur EIaE ‘Rhﬁayto E‘ﬂ'ﬁ“{?g f)rlgggg ﬁ\ei’r@é 3013}??5 iy apﬁtie] 'or esent
i nvention. |e&bo§iﬂﬁnﬁﬁ@ﬁ1@0@3ﬂ¢e1ghh9&bﬁét@bfthéh%rlﬁzimlr poi nt depr essant is an

al kyl at ed pol ystyrene or a ol yal kyl net hacryl ate.
y poLy %‘he Pour Point chress}émt y y

There is a natural stiffening at low temperatures of vegetable oils, especially
vegetable oils with a high monounsaturation content. This is analogous to the stiffening
of honey or molasses at a reduced temperature. To maintain the “pour” or “flow” of a
vegetable oil at reduced temperatures, it becomes necessary to add a pour point
depressant.

Pour point depressants are available off the shelf from a variety of vendors and
manufacturers. Any pour point depressant may be utilized in the present invention. In
one embodiment, however, the pour point depressant is an alkylated polystyrene or a
polyalkyl methacrylate.

Two different reaction routes are envisioned in preparing the alkylated
polystyrenes. The first route involves reacting either an alkyl chloride or an alkene with
styrene to form an alkylated styrene. The alkylated styrene is then polymerized to form
an alkylated polystyrene. In the second route styrene is polymerized to form polystyrene,
and propylene, or butylenes, or mixtures thereof are polymerized to form polypropylene,

polybutylenes, or mixtures of polypropylenes and polybutylenes, also known as
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Two different reaction routes are envisioned in preparing the al kyl ated

pol ystyrenes. The first route involves reacting either an al kyl chloride or
’an al kene with styrene to forman al kyl ated styrene. The al kyl ated styrene
|s then polyperized to form an al kylated polystyrene. In the second route
'styrene is pBARYPHY to form pol ystyrene, and propyl elETER0H(@8YBenes, or
;m xtures thereof are polynerized to form pol ypropyl ene, polybutyl enes, or
im xtures of ppBhikpleasy ITBes! a:g&n@mtummwlﬁaﬁwhaiewﬁn@me@@ frtn WO

12005/ 026300 rCT/ USZ(}%GMO 003 pol yal kyl enes. The polystyrene is then

"al kyl ated w® Erkyl enes to formthe al kyl ated pol ystyrenes. One
pour poi nt depre e FIl oTM
1150, available ?&gﬁ%ﬁ}%h%gs%rﬁz? ?%r?ﬁl?é(élfeat ?&Iq (ﬁ%l%\ 5?I¥eﬁ€g§il%ldgoz)§GShef field
.Avenue, Hanrwilhdle fmmdF@mvan@smon FRetrqderny Aldiiyives 80 WaShesfiedd dzersiai t abl e for
fuse in the Ry din'a gg%ﬁ are prepared by the polynerization of G - C30
' met hacryl at es repara 10 f these polynmers nmay further include the use of
cacrylic monomer sThawlygkyllnhdﬂmggrhatmttaﬂﬂfdﬂgsef mmﬁ;et}i:re%ﬁt inveitiot e, prépaeidoxy

Dolyar kyt R AL s RePaaia: CRevety hOh B SEEyARy
‘et hacryl at @gshek fhludd theaiIBOEd %f&tmorﬁbﬂ%& kﬁviﬁgrﬁhﬁfgeﬁ-\é&{tﬁﬁﬁgﬁ%}lc%hdlar wei ght of

.from about 10,000 to about 000 and in one enbodi ment, 20,000 to
1200, 000. TherpebyaHtexy grﬁ@pﬁa@eﬂw alkexy gveups dichreyide additiopalosenesinsite gl

ggtp)ng:agI nggﬂ(éﬂqktggésrﬂg{es pob%}ﬁvp%ﬁ% g%é%a?gg P %a;fgﬂﬁ%ac?@ %zﬂ)l e from

' RohMax, USA onPembadimenth:38 @ﬁﬁmbfﬁ’rmegagmmomoulm welglpired Sioardbouisl G,QQﬁl tgabduy about

Sl 0o R sRECSER e, 0 A8 s SOTBRSL bl BT R

jinclude an aatckie cBﬁx%ﬂth@nﬁﬂl@ﬂ@offﬁdéffﬂdlbzﬁ loflanamggg,smteﬁzdfreﬂl bh@p@ur whi ch
i ncludes, but is not limted to, ethylen acet at e &(r)l yi sobut yl enes,

pol ybut enes P%’éﬁ?ﬁf@?@%éﬁ WF&E&OFPGIY&kD’hmE‘GW‘? FSSIO -HYaypilebls ot yr ene mal ei ¢

‘anyhdri de ocyelol ajg(eggA P{lg{noﬂ%%ﬁd styrene-di ene copol ynmers, hydrogenated
radi al polylsoprehe ated pol ystyrene, funed silicas, conplex esters,
~and food grade té‘d:kptburqxoslt Hepcessa Uiy pikcal inuabloetr0.2 tol abbind 4 weight perceuton thy ade
oils. lubricant composition.

| Viscosity Modifier, Thickener and Tackifier

| Optionally, the lubricant may further include an additive from the group
comprising viscosity modifiers, which includes, but is not limited to, ethylene vinyl
acetate, polyisobutylenes, polybutenes, polymethacrylates, olefin copolymers, esters of
| styrene maleic anyhdride copolymers, hydrogenated styrene-diene copolymers,

i hydrogenated radial polyisoprene, alkylated polystyrene, fumed silicas, complex esters,
and food grade tackifiers like natural rubber solubilized in food grade oils.

The addition of a food grade viscosity modifier, thickener, and/or tackifier
provides adhesiveness and improves the viscosity and viscosity index of the lubricant.
Some applications and environmental conditions may require an additional tacky surface
film that protects equipment from corrosion and wear. In this embodiment, the viscosity
modifier, thickener/tackifier is about 1 to about 20 weight percent of the lubricant.
However, the viscosity modifier, thickener/tackifier can be from about 0.5 to about 30

weight percent. An example of a food grade material that can be used in this invention is
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The addition of a food grade viscosity nodifier, thickener, and/or tackifier
provi des adhesi veness and i nproves the viscosity and viscosity index of the
| ubricant. Some applications and environnmental conditions nmay require an
additional tacky surface filmthat protects equi pment from corrosi on and
wear. | n thW® 8p¥6%kent, the viscosity nodifier, thickBrEPIPuRBer s
about | to about 20 weight percent of the |ubricant. However, the viscosity
nmodi fier, tRimskendNV-88ecRinptuzal rubher Wsosipyonedibe(tackifies, vioclsavailadle frarei ght

ercent. An o} § Al i.n. t-hi s
Povent i on 1 ongotPafteobRats it EBhald Buobeh ARRa R ATEN idabt 2
nat ur al r ubbedifier fremPR Nomtodietieam, Napkvifle,dlinoishiAmbthesexawmld ighkempleom
Functional Pro nc. ,, Macedgni a, i g and | ndopol . H 1500, a pol ybutene
vi scosity %ﬂ%@éﬁﬂqtkﬁﬁ? HE B tﬁ“’ﬁﬂ@’?ﬁ%’éﬁ}mi\lﬁb@?ﬂ g‘P@,ﬁ% PPHHRGRY pAngt her
exanple is ﬁef@:ﬁﬂitﬁa’ﬁd fi@&Ho8 mdditic? ¢t bRk dh&nﬁbﬁ@o.?hﬂhﬂeﬁﬂhﬁd{'?%i onal product,
viscosity nodifier, pour point depressant, and friction nodifier from

| nol ex Chemi cal T lubtitantidlesopibpdin thepresenbinverision ererusefullimappliesdiany n t he
present inv j ul..in.: l4.cat] -inel udi raulic oils,
transm ssi oﬁgﬂdﬁ‘%d‘g,%%ﬁ%ﬁ?éh%‘?s slé,%pogleﬂélr%%b%q%ﬁrogg 8%9' F&éﬁ Ifﬁofﬁgi rcul ati ng
oil's, drip cirdudatingpilsidlrie odls, spindeailsyeapesssaiolls grasebse ol serraidns, corrosi on
inhibitor oils, heat transfer . oils, gable ojls, chain oils, geperal purpose
oi l's, ot al TRHRT Al B GanslerpilscaBle ofls hain At BaerH GUBIOR ST HER| Hpkighnt &
descri bed i pi¢ hgd BEQSEMInsLRMLNilON can be made using a sinple bl end
procedure wherein the conponents are m xed together using nechani cal

agitation. Priofhelsbrigatsisieensigpain the preensinveriion campomadn winggsippleheat ed to
o A ) ' i .
enhance t ebﬁh&@%‘c{%re ﬁﬂ&éﬂﬁhe@oﬂﬁ?g@g zﬁg Eﬁ?efd t%feﬁj(i:er %ﬁgﬁg&ﬁﬁﬁl ?[%t?ogl‘f“ ng test

met hods wer e usS characteriz rica 0 Ions o pr esent
i nvention: Pdonultiat bleniiddprbesss, thel cS@p8aenkdyrdayabd lieateE taierdhaMieshobletdingl 0C ASTM
D- 4453 29.65 ¢St . Viscosity @O00C ASTM D-4453 6.43 ¢St Viscosity index ASTM
D- 22707 178 MUMPAXINEEAFSASTM D- 41729 . 37 Rust ASTM D- 6654 Pass O ean

Test Methods
The following test methods were used to characterize the lubricant compositions of the

present invention:
Formulation Number 1 ISO 32 Hydraulic Fluid

Viscosity @40°C ASTM D-445 29.65 ¢St

Viscosity @100°C ASTM D-445 6.43 cSt

Viscosity index ASTM D-22707 178

4-ball wear ASTM D-4172° 37

Rust ASTM D-665* Pass Clean

Oxidation ASTM D-22728 550 to 600

Low temperature pumpability ASTM D-4684'® 1,900 cP @ -25°C
3,200 cP @ -30°C

Demulsification ASTM D-1401° 40/40/0

Flash point ASTM D-92' 226°C

Pour point ASTM D-97 -36

Electrical insulating value ASTM D-877° 16 kv

Biodegradability ASTM D-5864!!  65%

1. Flash and Fire Points by Cleveland Open Cup Tester - This test method deécribes the
determination of the flash and fire point of petroleum products by a manual Cleveland
open cup apparatus or an automated Cleveland open cup apparatus. This test method is
applicable to all petroleum products with flash points above 79° C (175° F) and below
400° C (752° F) except fuel oils.
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Oxi dation ASTM D-2272$% 550 to 600 Low tenperature punpability ASTM D- 468410
1,900 cP @-25C 3,200 cP @-30C Denulsification ASTMD-14016 40/40/0 Flash
poi nt ASTM D-92' 226C Pour point ASTM D-972 -36 Electrical insulating val ue
ASTM D-8775 16 kv Biodegradability ASTM D- 586411 65% 1. Fl ash and Fi re
Poi nts by C evel and Qoen Cup Tester - This test nethod describes th
det er mi nat i S B4%¥% | ash and fire point of petrol eum pFolligd? g’%?/')?’ﬁ nmanual
Cl evel and open cup eflﬁpar atus or an_automated C evel and open cup appar at us.

0

This test netthedPou of §gtslewn Broduets - Zhis t4semebpdisinigrdsdder wewn ey f | ash point s

above 79 C b 9 WO

005 026300 Dol O bk dOSliGhle forbidok sFkfR, ook and? 10
test net hodnqndistlkh&teﬁdbcojl fsclesanibed mn any petrol eum product. A procedure
suitable for black specinens, cylinder stock, and nondistillate fuel oil is
descri bed i A ids (the
Cal cul ati onﬂg%lgkm&rﬁlgn%qimgl\f%f\(\:@gm ? BPRCh angbplé&qa@ﬁ&e@% @Q%&%{i’;ﬁf ?gjn %ﬂ%r ocedure
for the det‘étsmsna)t-lﬂ‘ms toft rmd@@dlapn@ﬁma mocedwscfwhe 9¢tewq1naﬁonlorf theikinepwmtic ol eum
products, both . ng‘ £ [cld %?a?l olﬂ%’ltr [ g b me for El vol une
of liquid t 8PP Cl g?reg £D FeS o %‘EP“F%’} 3 pr’g‘ﬂ“%séf “&%?ﬁ‘l"ﬂga{ Y

Vi sconet er. tuﬁhﬁ)rdwnﬂn‘iemf\]/iqmdmﬂbw,undék,graﬁr&yl tlb&;ghbicahhﬁfkd@asmﬁpﬁllw ying the

ki nematic viscosit t.he densit the liq The result

, . 0
obt ai ned f r BffCMaHeE %l]é%‘ilynﬁ%‘f%%ﬁfoﬁlg “d‘@ﬁé’ﬁ&gﬁtﬂeﬁbbﬁwﬁt%ﬂﬁ% WSMage ¢ he sanpl e
and is intepgegf orbm@hér@ﬁ&Iwafm@1lhﬁleumére§afobtm@é&@orﬁ&mm&'mé{hm@ shear

stress and shear rates are proportional (Newtonian flow behavior I f,
however, t h@epvmcbc@mon yhehghider ofithpramiplseand lis/intehded fohapplisationdé ligkidsior

d! fferent \?LEI%H he s%e&%h‘@és%ﬁgsﬁegpme\él afe %re ?onsc‘ll@ff vg {: §pt Capl ITary
di aneters. e ure recrsion va Sl ueI oil's, which

under somne l@e{haﬂblt)l ﬁrﬂsovmvht lﬁletwmmy Puigied ﬁgﬂiﬁfunﬂghathltbafr,atdtﬁ\sheab,e’ﬁﬁerbmcl uded.
The range of kine é osities cove efg&]_g]%/ EIS test nethod is fromO.2
Lo 300 000 FISUeapIANEE BT HEGRIEE of RIS BRI AT R TUh B BAPEL { 5. of
I nhi bi ted Mugfalisidd Yalded 316 RLERRNGR, Q’Eicﬂ\ﬁﬁ&? some conditions exhibit non-

Newtonian behavior, have been included. The range of kinematic viscosities covered by

this test method is from 0.2 to 300 000 mm?/s at all temperatures.

4. Rust-Preventing Characteristics of Inhibited Mineral Oil in the Presence of Water -
This test method covers the evaluation of the ability of inhibited mineral oils, particularly
steam-turbine oils, to aid in preventing the rusting of ferrous parts should water become
mixed with the oil. This test method is also used for testing other oils, such as hydraulic
oils and circulating oils. Provision is made in the procedure for testing heavies-than-
water fluids. For synthetic fluids, such as phosphate ester types, the plastic holder and
beaker cover should be made of a chemically resistant material, such as

polytetrafluoroethylene (PTFE).

5. Standard Test Method for Dielectric Breakdown Voltage of Insulating Liquids Using
Disk Electrodes - This test method is for determining the electrical breakdown voltage of
insulating liquid specimens. The breakdown test uses ac voltage in the power-frequency
range from 45 to 65 Hz. This test method is used to judge if the disk electrode
breakdown voltage requirements are met for insulating liquids, as delivered from the

manufacturer, that have never been filtered or dried. This procedure is used to determine
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This test nethod covers the evaluation of the ability of inhibited m neral
oils, particularly steamturbine oils, to aid in preventing the rusting of
ferrous parts should water become mxed with the oil. This test nethod is
al so used for testing other oils, such as hydraulic oils and circulating

oils. Provi i de in the procedure for testing heavige wat er
fluids. For%@ OF@%‘SB@ fI ur ds such as phosphate ester ty&gg}’US @“F‘}P%ﬂs“ C

hol der and b r cov ul d be nade of a chemcally resistant naterial,
such as poft éﬁaﬁ%ﬂ% B8 Pt | i P‘hwg)anr msolablg Geegkdpwirrpdygls 36y sebile

Di el ectric BuaakiomnMobiagen 0F rddasd ?éﬁaéd?&l BrbARAbHR tdeR] dsefﬂ laslﬁicﬁﬁi%rodes -

This test method is for determning the el ectrical breakdown voltage of
i nsul ati ng péteplguen @bebydmasbomrraed BykarekdBWR) veedtas inselstingandojophgliquidst he

power - frequer}r so%@ élésoglaélgmtllgr%%atl%s ¥Hé rob& f,\eﬁé%g gl?Sﬁ.lg? c%%ed He© J udge

if the disk Br eakdown Vo age’reéequ rer r?sulatrng
l i quids, as dﬂ&btr%@f@ﬁddmmﬁsﬁlinene freid ab grrifiee in Téshethody D 222V a5rovi@inhé i | t er ed

or dried. Thj rocedure i.s used . to det 2005/ 026300

BT Uso004/ Q60855 Soesy i Uetions %ﬁsttgaéﬂomP ﬁrl&}moagve\?p 'Wﬂkgﬂw%g%f fivhsol ubl e
br eakdown pradeiise Bagidowngettl e during the interval between the required
repeat ed breakdown tests. These |i qui ds include petroleumoils,

hydr ocar bon nd ask rels u i nsul ating. and cool i liquids in
transfor rreré Wg ppepara 5%0?%0@ éﬁﬁa"é’%;yﬁ@e“erﬂ%—!‘dpg%?%@ﬂr’%e B used to
obtain the p@hekht dGhOERR AP WErQburs bild GAPRhELALIAS seRead frb@dydidy. Test

Met hods D 2225, provided the discharge energy into the sanple is | ess than

20 m) (mill Almrﬂhéipvqi@nedtﬁp@a%ﬂwfprfswmﬂmb@e atls haviegvisasitiss ebd&®AMeSt 6. Wat er
Separ abi | i tk’m@ﬁ/s)ﬁ?hédé AWML ah@d‘&n%)éﬂgéa% e%t ﬂstb'fgmerhtgp a}/ﬁ%itvafrg&smd covers

measur enent “ o e ab’'l'ity of petroleum 0| s or synt s to separate
from wat er . visédsitieo aghsydtretd ﬁmdsj K paecdmmealded, howevest thatrthd mstbbmperabresbehavi ng
vi scosities of

mR/ s 0 this t used to
Vest Coi | 5 ofStERRRTE) feSTuist T aeB ot Gout B BESu M B Ea B A1 bF s,
It s recomApRsedscoligViRN evherd thet id iReuffigedt niiRiAper &t tdewier, Tem&aﬂbdtm 82 1C
when testi nav roducts nore viscous than 90 ¢St (nun 2/s) at 40C.. For higher

vi scosity orVhl ifiemmendpd Qeher lseiempeaatas syph ep @Coqan@isr) bgerdaaVBin  Test
~Method D 2?ejstjfngt§3'ﬁ hef‘?&ﬁﬁm??ﬂgﬁ.rel%%ﬁc{egglﬁ&taré %@?@{tﬁ&&’{h & @8 25C can also

~be used. W etic whos ative densities are greater
- than that obroseduee is uhtiemgq:dr butdtishoeldite noted hizat thedyatdywtilliptobebly dlodt dyretherot ed t hat

i the water wil | Prob? X float on the
; emulsion or liqui

7. Standard Practice for Calculating Viscosity Index From Kinematic Viscosity at 40°C
and 100°C - This test method specifies the procedures for calculating the viscosity index
of petroleum products, such as lubricating oils, and related materials from their kinematic

viscosities at 40°C and 100°C,

8. Oxidation Stability of Steam Turbine Oils by Rotating Pressure Vessel - This test
method utilizes an oxygen-pressured vessel to evaluate the oxidation stability of new and
in-service turbine oils having the same composition (base stock and additives) in the

presence of water and a copper catalyst coil at 150°C.

9. Wear Preventive Characteristics of Lubricating Fluid (Four Ball Method) - This test

method covers a procedure for making a preliminary evaluation of the anti-wear
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emul sion or liquid. 7. Standard Practice for Calculating Viscosity |ndex
From Ki nematic Viscosity at 40C and 100C - This test nethod specifies the
procedures for calculating the viscosity index of petroleum products, such
as lubricating oils, and related nmaterials fromtheir kinematic viscosities
at 40C and 100C. 8. Oxidation Stability of Steam Turbine G ls by Rotating
Pressure VRHMOSM2634i s test nethod utilizes an oxygen- BFrESSWPEPOPRssel to
eval uate the oxidation stability of new and in-service turbine oils having
the same caop@sdstdf anid(lbaans g din@dnaciciyihatms bf he FoleBalpweeenGe of water
and a copper catalyst coil at 150C. 9. Wear Preventive Characteristics of
Lubricati nlga‘Ffl“Eﬁ-d (Four Ball Method) - This test nethod covers a procedure
for making a prelimnary evaluation of the anti-wear 21 WD 2005/ 026300

PCT/ US20041( Befafinatisnogfefiéld Ssre@fantl | ApparehtNisdosnd BEngneshilddtigwcont act by
means of the Four-B?LJ \ear Tﬁst chine. 10, termnation of Yield Stress
and Appar entmRFEEEsi 0 15t meRigH evee e mepsurgggnt e eEs and ¥R est et hod

covers t hesfigagia bRERE c@flink REcontr8licl Bick 69 aRAY E:REQBII ¥5 h Bf 2 SRYIRE Oi | s
after cooling at controlled rates over a period exceeding 45 h to a final

test tenpématraiee bebvisae"Crod-4RE- Thoutscopk mepyeamintsarpadestambea’s are made
at a shearg.s Jf%§gll°gt)¥c§%5§hga§reﬁélgf%?fo:ﬁe@r. T st Metthdds ngaéi%?oléfo’r- Thi s test

met hod i s applica or unuse , sonetines referr o0 as fresh oils,
desi gned funsdladils, donglimesltefarrednol ahieesh pils,digsignedrigr breh Aghpldugyatiddesry 1t al so
has been shown to be.suitahle for used diesel oils.. This. tes] t hod uses
the m 11 et e B aBlEpTpab oo HE: D Tope et oried 4T Ms, i o Test
Met hod f or tefdehedidli 3k Ee ARIIPRCS sbsbnad(mPa-Bi Qéedmaddtisessit9f Lubricants or
Their Conponents - This test nethod covers the determ nation of the degree

of aerobic at. i I radation of full,y fornulated |lubricants or their
conponent Sl@ﬁ't’agéegﬁjéﬁi\?ﬁ@o%r bﬁ‘ﬁ%‘?’ﬂﬂ%”t?ﬁ%%‘ﬁ Aﬂ'éag}él'gg?cgelgffdétbcﬁla‘fcf?i ons. This test
met hod i s LibHcemeleoTHedr Gigsinbite alThly tRC0RERGS cdvess thd ddéraihdtiof of hesoci ated with
testing water insoluble _rr%t erial s, an%je@or}pl ex ra'férgres such as are found in
many | ubr i $egHet 2qtRbis aquadic bradegiadption o Bl iTymidritbuBRCAASSF bl e to al |
| ubri cant Sc&nﬁﬁﬁleﬁﬁ ﬁn &%BSMQ bPdr th&eu® e ufdeP 108 Oatdr PO AL IoRE Y TS test ABthSERT

on to the organi snms present

concentrati ~in the 1noculum The percent of
bi odegr adaitdnid¢edtorspecifinglly sddrsssitiz difiguitins ASTNALEL GOA Estinzwhter ipsaele r onnent al

materials and complex mixtures such as are found in many lubricants. This test method

is designed to be applicable to all lubricants that are not volatile and are not inhibitory at
the test concentration to the organisms present in the inoculum. The percent of
biodegradability rating is explained in ASTM D-6046, Table 2 Environmental
Persistence Classification-Aerobic Fresh Water, The persistence designations are Pwl
(with %CO; > 60% in 28 days), Pw2 (> 60% in 84 days), Pw3 (= 40% in 84 days), and
Pw4 (< 40% in 84 days). Ultimate Biodegradability Pwl is the best rating.

Formulating Examples:

1. Formulation ISO 32 Hydraulic Fluid having a biodegradability rating of Pw1 at 65%

Component %Weight
Trisun 90 HO 46.05
Chevron 4R 50.00
Ciba 3050A 0.95
RhMx 10-310 2.00
Irgamet 39 0.10
RLIAO 0.90

Viscosity @ 40°C  29.65 ¢5t
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Persi stence Cl assification-Aerobic Fresh Water. The persistence designations
are P (with %02 ? 60%in 28 days), Pw2 (> 60%in 84 days), Pw3 (? 40%in
84 days), and Pw (< 40%in 84 days). U tinmate Biodegradability P is the
best rating. Fornulating Exanples: 1. Forrnulation |ISO 32 Hydraulic Fluid

. . o . 0 2 :
. having a bi %gga@ﬁ%gbl lity rating of PW at 65% Conponent /(V‘él(%ht Trisun 90

. HO 46.05 Ch

#'60. 00 G ba 3050A 0.95 RnMk 10- 310 PETAF2004034%et 39
0.10 RLI AQ.0.90 Si t 40C 29.65 cSt 22 WD 2005/ 026300

PCT/ US2004/ (55649 @l siﬁﬁ“ 100C 6. 43 cSt Viscosity Index 178 2.

For mul at i on '$¥BWY 1897 so Fluid with Chevron 4R greater than 60% of the
total base_,oil and passed ASTM D-5864 as U ti mate Bi odegradable rating Pw
at 60.9% ConissmEiationshewsar 13 As Fliidimith Bhetron iR igrpted thag §0%CHdvrionl 4R 60. 00
LZ 5186B 1. base opjand passeyl AYTM\B-§8essastUiiti@rieRiodegranable SitinyiPsd as 50.9%@ 100C 5. 43
cSt Viscosity |@emponems 3. For nul a¥aWmghtSO 68 Hydraulic Fluid having a

U timat e Bi odegrGewid BOrbigh nlgidPw  a37.8%55% Conponent %Aeéi ght Canol a HO 53. 85

Chevron 4R 30. 00Chevron 4R 60.00
L7 51868 1.25
RLI AQ 0.90

Viscosity @ 40°C  23.76 ¢St
Viscosity @ 100°C  5.43 ¢St

Viscosity Index 176
g.SF ormulation ISO 68 Hydraulic Fluid having a Ultimate Biodegradable rating Pw1 at
%

Component Y% Weight
Canola HO 53.85
Chevron 4R 30.00
CG 5000 9.00
Indopol H-1500 3.00
LZ 5186B 1.25
RhMx 10-310 2.00
RLI AO 0.90

Viscosity @ 40°C  67.77 ¢St
Viscosity @ 100°C 12,71 ¢St
Viscosity Index 190
In the above formulations, Chevron 4R is an all-hydroprocessed Group III oil

available from Chevron, CG 5000 is a synthetic ester available from Inolex, LZ 5186B is
a non-food grade additive available from the Lubrizol corporation, RhMx 10-310is a
pour point depressant in the class of polyalkyl methacrylates available from RohMax,
Ciba 3050A is a non-food grade additive available from Ciba Geigy, Irgamet 39 is a food
grade triazole available from Ciba-Geigy, RL1 AQ is an antioxidant available from
Renewable Lubricants, Inc., TriSun 90 is a high oleic sunflower oil and Canola HO is a
high oleic canola oil available from AC Humko, and Indopol H1500 is a polybutene
viscosity modifier available from BP North American,

The above examples have been depicted solely for the purpose of exemplification
and are not intended to restrict the scope or embodiments of the invention. The invention
is further illustrated with reference to the claims that follow thereto.

Other than in the operating examples, or where otherwise indicated, all numbers

expressing quantities of ingredients, reaction conditions, and so forth used in the
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CG 5000 9.00 Indopol H 1500 3.00 Lz 5186B 1.25 RhM 10-310 2.00 RLI AO
0.90 Viscosity @40C 67.77 cSt Viscosity @100C 12.71 cSt Viscosity | ndex
190 In the above fornul ations, Chevron 4R is an all-hydroprocessed Goup |1
oil available from Chevron, CG 5000 is a synthetic ester available from

| nol ex, LZ BBYWER3005 non-food grade additive avail abl ePEFERBHENSAbr i zol
corporation, RnMk 10-310 is a pour point depressant in the class of

pol yal kyl neptdifiedtivh akelaitisaid @Me@inddraod Rah¥hg modiiddan 30 3Anks 1y thon- f ood
grade additive available fromC ba Geigy, Irganet 39 is a food grade

triazol e avam =Abre't Asrardingly. eiesgindigied toiheicanteasy, dbg nusnGrigalRarasmess™s sl e from
Renewabl e E . T Y I i 1 G i, and
Canol & HO G FRB kil spec REk PN B Prahe e BretblekirRit il MBhatl iy M opol
H1500 is a ¢spéndng upoe thewlesicwlgiropertmdoigheto tevabidied|by the prseBRnNetion. Atrer i can.

exerl 1 11 cabt O “Esher Ao epiohadieif B Fudicein S h REEBB3T sfiutigbi et s
- of the i nveantheopeldfehd diaian] dadinnurh&ichlisdrdmegter shbuld tf laise e worshiugdah digkince to
b

 the clains that fqllow thereto,. Qher, th in the operating exanples, or
- where ot her‘%ﬁr@eﬂ‘i“ﬂﬁf eRRyted gignify s an@EbF‘%@%‘Pﬁﬁr fqupieg O][rp

i ngredi ent Sechnfmesd i on condi tions, and so forth used in the 23 WD 2005/ 026300
PCT/ US2004/ 030030 specification and clainms are to be understood as being
modi fied in all Netvishtadingyhat the numerienl rangerand pamastarsisertyieyfort ticdsend

i ndi cated t s%géthff.tl‘fo@%n?irox arcftafé}ﬁog}gﬁ%@hﬁk RAATRVEL s&?%orthfiﬂ'iﬁe@p%{i:g% he

follow ng sp i‘cation an clainms are apl)lgrom nat 1 ons may vary
dependi ng upamplch eredemirted ds precipey td @ssibloL diny numetienl odtigihoedvdy t he present
i nvention. | east, and not as .an atte

tGever , t toljmt the
appl i cat i orimbreRtioGY e e&PfSéﬁEﬁ%ﬁw@fm& omike Ly el 3Gy, ms, each
nureri cal paridiBkfectiRbdily deati@sdntdoe construed in light of the nunber of
“reported significant digits and by applying ordinary roundi ng techni ques.
The invention has been described with reference to several embodiments.
Obviously, modifications and alterations will occur to others upon a reading and
understanding of the specification. It is intended by applicant to include all such
modifications and alterations insofar as they come within the scope of the appended
claims or the equivalents thereof.

Having thus described the invention, it is now claimed:
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Not wi t hst andi ng that the nunerical ranges and paranmeters setting forth the
broad scope of the invention are approxi mations, the nunerical val ues set
forth in the specific exanples are reported as precisely as possible. Any
nunmerical value, however, inherently contain certain errors necessarily .
resulting fromthe standard deviation found in their respective testing
measurenents. The invention has been described with reference to several
enbodi ments. Gbviously, nodifications and alterations will occur to others
upon a reading and understanding of the specification. It is intended by
appl i cant tWhatislclagmedis: such nodifications and alterations insofar as they

come within the scope of the ended. ¢lains ar. the equival ents thereof.
Havi ng thusnl'@_eélg??aBg(éP'?}Wé?qoﬁ\?gﬁg?t%?egi”P %aglt%% lhllnﬁliuﬁ%ﬁ: 24 Vhat is clained
is: 1. Al uh&i k@R bne AERABIeldi) Bel €T @6ih B F66h Edinpriide: hitula$ v@etdble dif)Cl udes a)
at |l east one vegetable oil, selected fromthe group conprising. natural
veget abl e diynthetisyagetableiodl, gengtically eodifigd vegetableiodlatidymixeres thergofieget abl e oi |,
and m xtur , . e e ' Qi ving a sul fur
content equ F¥P%ﬁ§§£nggugﬁg%(gﬁ%ﬁﬁ@Eﬁigg}%%é%%ﬁﬁggﬁﬂnég¥@%@f@gm6qual to or

great er than03ocunt 201 paraenéquabidr gioptedthah @B&it 90 percantt hgxi dant ; wherein the
majority of the conposjtion is provided by the at |east one vegetable oil
t oget her wi® At ek ong anteXanlone synt hetic base oil, and wherein the at |east

one vegetabl e Oiypeictn ﬁ{e%ﬁ&tityiog.tk%rboﬁfﬁgﬂﬂén 8redhi&d ﬁf\g? i34 Qﬂ%%?{agfét /wei ght

of the lubricant conposition: The conposi‘tion | aim 1, ern the at
| east one wvalfegeihdrevith the pislease bacsyathefic basetofleargr oup conpri si ng: sunfl ower
oil, canola oil, :soybgan oil, com oi .peanut oi | almoil, cas{ bean

ol 1! Cotcon of I MTSLERM Ry opf PRl pER R mdh oo psRih Boter i bl

sunfl ower oidighthicght oF fieQuikanm @nipokitiohi gh ol ei ¢ soybean oil, high oleic com
oil, high oleic peanut oil, high oleic cotton oil, high oleic safflower

oi I, and mikilhe eampaseiondn clagn Iwbergwripodliledsoensi veseplir 91l1s sastadei n t he at
et e RAEVRDL 8B 5300 B SRR LSO A b gt SO%
at | east onalweggetaabol beanidil, betoprodls Euguerdlla odl, crampe ofly affiedxo vil, B@Rwletc about
70% w w of s%ﬂﬁmlzéjr%rﬂi, ﬁi%ptole%) égl?lglsai otili, ﬁlrs]gh oleic soybean oil, high oleic com oil, high oleic

peanut oil, high oleic cotton oil, high oleic safflower oil, and mixtures thereof.

3. The composition in claim 1, wherein the at least one vegetable oil is present in

arange from about 10% to about 90% w/w of the lubricant composition.

4. The composition of claim 3, wherein the at least one vegetable oil is present in

a range from about 30% to about 70% w/w of the lubricant composition .

5. The composition of claim 4, wherein the at least one vegetable oil is present in

arange from about 40% to about 60% w/w of the lubricant composition .

6. The composition as described in claim 1, wherein the at least one synthetic base oil is

an all-hydroprocessed synthetic base oil.

7. The composition of claim 1, wherein the at least one synthetic base oil is present in an

amount greater than about 10% w/w of the lubricant composition.

8. The composition of claim 1, wherein the at least one synthetic base oil is present in an

amount less than about 90% w/w of the lubricant composition.

9. The composition in claim 1, wherein the at least one synthetic base oil is present in a

range from about 10% to about 90% w/w of the Jubricant composition.

10. The composition of claim 9, wherein the at least one synthetic base oil is present in a
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5. The conmposition of claim4, wherein the at | east one vegetable oil is
present in a range from about 40%to about 60% w w of the |ubricant
conposition. 6. The conposition as described in claiml, wherein the at

| east one synthetic base oil is an all-hydroprocessed synthetic base oil.
7. The conposition of claim1, wherein the at | east one synthetic base oil
is present in an anount greater than about 10% w w of the |ubricant
conposition. 8. The conposition of claiml, wherein the at |east one
synthetic base oil is present in an anount |ess than about 90% w w of the
| ubri cant @agRbenEbe. 30@’0 topheutd@ipusy of ba luhﬁw@nt&mpgsﬂwmer ein the at |east

one Synt hef% Q@élﬁ %‘lltliO[llC&C%rﬁl Oﬂ\tfvh%gmqq%ﬁtmgorfes %J’#S :(l)ﬁo{g éngﬁe?lpf?]udt 90%

w w of the r| ca oSl wher ei n
the at | eamhgmfnemajwﬂthﬁ%m abaseb 084 W/w sf qhedaﬁemntlclmposﬁdﬁq.r ange from about 30%

to about 70% W w of the |ubri osition. 11. The conposition of claim
10, Merei&%ﬁécgpp?sét&g]tlnﬁﬁémg E‘T’T@‘cnl %’é’é‘dgpqlsﬁ%lecﬁ? sent in a range from
about  40% 6RO Buﬁéb{ﬁ]yy{smg%mm@ phefsIs, %ﬁ@hlﬁafae%édfon 12. The conposi tion
in claiml, wherel n the antioxidant is selected fromthe group conpri sing:

am nes, phbh(ﬂhs compakitrandn glags 1t Waereinfthe arBioxitaet ispresogiit kon in claim 1,
wherein t he an I 0X Prese in a nefromab ut 0.01%to about
5.0% w w of "the Orp&h?'iﬂrcbao ar%’Bt @%OVF(W Offﬁfeal %ﬂ%ﬂnﬁﬁ%%%g ft%%n in claim 13,

wher ei n t het. gnk cenipshaiin ms:lamﬁqsemermﬂtlae mngﬁaﬁtr@mea@@m 0.25% to about 1.5%
w w of thelubrlcant conposi tion. The conposition in claim14, wherein

the anti ox} agg frpm agp % thabgui bﬁ@ewwefﬁh%@mar@ cHvpesHibout 1. 0% w w of
the |ubri C?ﬂ“ThEQﬁH?@s'ltﬁdn% claih 84 \;{;@eﬁ(ﬂl@&gﬁl‘o;{ éigf?c 19@re§é:ﬁ‘;\]e qn 1, wherein the

conposition furt conpri ses at ast one a addi ti ve chosen
from t he gacmpe Gommbbst (hfn tanthaut Wdes w/w nhthbitboicanterinpesigopr essur e addi ti ve,

friction i.fier, rust b|to corrosion.in tor, pour point
depr essanm)éj ]jg'éﬁ?mp%sﬂnm\ﬁfgi%‘? Fﬁ%ﬁ F&?mp%fogl%ﬁféeict i vator, foam
i nhi bi tor, congifsbsiifliéRf oncaRditde rﬂdé §dcﬁﬂ1x%roho§e?x frcmqlecg?@mp&irﬁplgmgointpmrm 16,
wherein the at | east one additive is a phosphorous am ne salt of the
formul a: Xnhibiter, extreme pressure additive, friction modifier, rust inhibitor, corrosion inhibitor,
pour point depressant, tackifier, viscosity modifier, metal deactivator, foam inhibitor,
emulsifier, and demulsifier.
17. The composition of claim 16, wherein the at least one additive is a

phosphorous amine salt of the formula:

X
| .

(R30)—P—(X NRICRZR2),
H

wherein R’ and R are independently aliphatic groups containing from about 1 up to
about 24 carbon atoms, R* and R* are independently hydrogen or aliphatic groups
containing from about I up to about 18 aliphatic carbon atoms, the sum of m and n is 3
and X is oxygen or sulfur.

18. The composition of claim 17, wherein the phosphorous amine salt

further comprises: |

R’ contains from about 8 up to 18 carbon atoms, RYis
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(R90) _-P-(XNR1OR22RU), H wherein R9 and R10 are independently aliphatic
groups containing fromabout 1 up to about 24 carbon atons, R22 and R23 are
i ndependent|ly hydrogen or aliphatic groups containing fromabout 1 up to
about 18 aliphatic carbon atons, the sumof in and nis 3 and X is oxygen
or sulfur. 18. The conposition of claim17, wherein the phosphorous am ne
salt further conprises: RO contains fromabout 8 up to 18 carbon atons, R10
is 26 Clb R11-C CH3 wherein RBI is an aliphatic group containing from
about 6 up to about 12 carbon atons, R' and R' are hydrogen, mis 2, nis 1
and X is oxygen. 19. The conposition of claim 16, wherein the at |east one
additive is chose romthe group conprising: phosphorous am ne salt having
the formula: ¥ IL _+ (ROO"P-(XNRIORfR23)" H wherein R9 and R10 are

i ndependent | y“al 1 phatic groups containing fromabout 1 up to about 24
carbon atons, R' ggd R' are independently hydrogen or aliphatic groups

cont ai ni ng fron1about 1 up to about 18 aliphatic carbon atons, the sum of m

P SR 5y AR O S RIS PRy 0 e

i ndependent ”ynchR’i’ap‘thdrcgegrmtjpg rn@hum}ﬁuwygamm about 1 up to about 24
carbon ato n e ent dr.ogen. or aliphatic groups
i ni q?ron1a%§&%K¥%%6% é @ }?%Hg%aggg

cont ai ni ng olag%u 3tBon atonms, the sum of m
and n is 3chosen from the group comprising: phosphorous amine salt having the formula:

X
+
(R°0)n—P —(XNRIVRZRY),
H

wherein R® and R" are independently aliphatic groups containing from about 1 up to
about 24 carbon atoms, R=and R are independently hydrogen or aliphatic groups
containing from about 1 up to about 18 aliphatic carbon atoms, the sum of m and n is 3

and X is oxygen or sulfur; phosphorous amine salt having the formula:

X
+
(R°0)n—P—(XNRIORZR%),
H

wherein R’ and R™ are independently aliphatic groups containing from about 1 up to
about 24 carbon atoms, R2z and Rz3 are independently hydrogen or aliphatic groups
containing from about 1 up to about 18 aliphatic carbon atoms, the sum of m and n is 3
and X is oxygen or sulfur, wherein R’ contains from about 8 up to 18 carbon atoms, R
is

?Hb

R C—
CH,

wherein R" is an aliphatic group containing from about 6 up to about 12 carbon atoms,
R2and R are hydrogen, m is 2, n is 1 and X is oxygen; phosphorous compound having

the formula:
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and X is oxygen or sulfur, wherein R contains fromabout 8 up to 18 carbon
atons, RI0O is CFR Rai-C CH3 wherein R' is an aliphatic group containing
fromabout 6 up to about 12 carbon atons, R' and R' are hydrogen, mis 2, n
is 1 and X is oxygen; phosphorous conpound having the fornula: 27 Rig

R19- PoX Ru wherein R19, R20, and R21 are independent hydrogen, an aliphatic
or al koxy group containing from1 up to about 12 carbon atons, or an aryl
or aryloxy group wherein the aryl group is phenyl or naphthyl and the

aryl oxy group is phenoxy or naphthoxy and X is oxygen or sulfur; N acyl
derivative of sarcosine having the fornula: RBC=O | CH, NCH2COOH wherein R
is an aliphat®'® group containing from1 up to about 24 carbon atomns;

i m dazol i ne; lgl gi substituted triazole; tolu-triazole; alkylated

pol ystyrene; ‘popyarkyl nethacrylate; ethylene vinyl acetate;

pol yi sobut yl s; pol ybut enes; polynethacryl ates; olefin copolyner; ester
of styrene nmal eic anyhdri de copol yner; hydrogenated styrenedi ene copol yner;

hydr ogenat egherdsl RAIR=DOK Y SAPhERRAdeR! M}@E@Qnﬁﬁi’ﬁﬁéﬁ& ¥ B8Ry feped silica;
conpl ex ester; and food grade tackifier he conp 05|t|on of claim 16,

wher ei n t hesoaliningfeast 1 pp i aboviol2 cagbop P‘@ms»aﬂﬁ@&ﬁTYborl%’l?ﬁ’ gieuvheromion, t he
corrosi on 'm glP(Sultp%pHe yifdr 9%911@@@% tge%év 961%9 }'\é{/&y%ﬁ‘éphmaﬁy Rt s

deacti vat or om a out %to a e ‘pour” poi nt
depr essant nggémcmﬁﬂllébd&{a‘?ﬂ.@%ﬁtlae aifﬁ@mpsmﬁ/bwr\&thfaﬁ@dnmlhe viscosity nodifier is
from about 0.5%to about 30% w w. 21. The conposition of claim20, wherein
the corrosion iR¥E® tor is fromabout 0.05%to about 2% w w, the netal
deactivator is fﬂ8n1%Pout 0. 05%

CH3NCH;COOH

wherein R*is an aliphatic group containing from 1 up to about 24 carbon atoms;
imidazoline; triazole; substituted triazole; tolu-triazole; alkylated polystyrene; polyalkyl
methacrylate; ethylene vinyl acetate; polyisobutylenes; polybutenes; polymethacrylates;
olefin copolymer; ester of styrene maleic anyhdride copolymer; hydrogenated styrenediene
copolymer; hydrogenated radial polyisoprene; alkylated polystyrene, fumed silica;
complex ester; and food grade tackifier.

20. The composition of claim 16, wherein the anti-wear inhibitor is

from about 0.1% to about 4% w/w, the corrosion inhibitor is from about 0.01%to about 4%
w/w , the metal deactivator is from about 0.05% to about 0.3% w/w , the pour point
depressant is from about 0.2% to about 4% w/w ,

and the viscosity modifier is from about 0.5% to about 30% w/w.

21. The composition of claim 20, wherein the corrosion inhibitor is

from about 0.05% to about 2% w/w, the metal deactivator is from about 0.05%

to about 0.2% w/w, and the viscosity modifier is from about 1% to about 20%

wiw,

22. The composition of claim 1, wherein the at least one synthetic base oil has a
viscosity index equal to or greater than about 120.

23. The composition of claim 1, wherein the composition has an

oxidation characteristic in a range from about 60 to about 600 minutes.

24. The composition of claim 23, wherein the oxidation characteristic

is in a range from about 200 to about 400 minutes.

25. The composition of claim 1, wherein the at least one synthetic base oil is at least one oil
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to about 0.2% w w, and the viscosity nodifier is fromabout 1%to about 20%
w w. 22. The conposition of claim1, wherein the at |east one synthetic base
oil has a viscosity index equal to or greater than about 120. 23. The
conposition of claim1, wherein the conposition has an oxidation
characteristic in a range fromabout 60 to about 600 m nutes. 24. The
conposition of claim23, wherein the oxidation characteristic is in a range
from about 200 to about 400 mi nutes. 25. The conposition of claim1l1, wherein
the at | east one synthetic base oil is at |east one oil 28 chosen fromthe
group conpfhaspmiom shergrowpt qompesing sylheis esliel baspeil, palypinbesiietn wreliredef i ned  oi |,
refined oi by &frdashi R&RRk4 i g{[}q[gg@uyetswe%fthereof. 26. A nethod of nmaking a
it t et ho

| ubri cant conposition, e ne characterized by the steps of providing
at | east oRée Awgdbdblmalond a Bbtigot edhpositgon, theenghalup conpri si ng: nat ur al

veget abl e qj | ) i egetable oil, genetically nodified vegetable oil,
and m xturgféam%%é?&e%ﬁ%ﬁtgé@e(gh the at | east one vegetable oil is present in

an anount grosalirgrat idastiond O8detatlewilgéletitiefrdmi el ge@mptcon@rifiog inkiuedd; provi di ng at

| east one syn ti.c _base oil vin .Sl fur..content. equal, to or | ess than
about 0.03" %aggrﬁﬂ’ Q’Hgle’ﬁ%ﬁﬁe??@é"le%ﬂgtfcatf%mB?‘ﬁﬁ#)%%F@ }etoﬂazﬁldd'ﬂ)léﬁ’fesgo per cent ;
provi di ng @lerdot@hbreMNBe aiTbisbuhdaRtiabRRE,is Plesdd i iRt hehtct ih@n ab%l east one

vegetable oil, the at |east one synthetic base oil, and the at |east one
ant i oxi dant"/Ww2Ff thefnlricaa qomwpositigiim 26, wherein the at | east one vegetabl e oil

I's sel ect e?fofvfdﬂ? & 'ﬂa%t%?%tt&ﬁ@?&%%h ﬂ%ngyﬁﬁt‘ug%'ien% ual GRPREE O I, soybean
oil, comoil, peanut oil,” palmoll, castor bean olf, cotton oil,
| esquer el | ¢hapiabqut 803 ptrecd phd sagmdtéd eywarto oi greatdritigin abbwio pswgerft] ower oi |, high

ol eic canol g oj.l i.gh ol ejc.sgybean oil, high oleic comoil, high oleic
peanut oi l P%Vhdln%atg %ioge %@{%Qﬁﬁbﬁ‘ %j hi gh oleic safflower oil, and m xtures
t her eof . 28lendihgtopethérabl afleasd ak reg2Gblendilethe ianleish encadynihetdshasooig auethetanbl e oi |
i s present iq ar nge ftrom about 10%to about 90% w w of the |ubricant
conposi ti off3StP8e MWORIAG cant conposition characterized by: a) at |east one

veget abl e of | THe@legfli@thith 26/ WHRAEN Gk QUIRas% AP deSiablg oilS3tldeRuBonOI |
the group comprising: sunflower oil, canola oil, soybean oil, com oil, peanut oil, palm oil,
castor bean oil, cotton oil, lesquerella oil, crambe oil, safflower oil, high oleic sunflower
oil, high oleic canola oil, high oleic soybean oil, high oleic com oil, high oleic peanut oil,
high oleic cotton oil, high oleic safflower oil, and mixtures thereof.
28. The method of claim 26, wherein the at least one vegetable oil is present in a range from
about 10% to about 90% w/ w of the lubricant composition.
29. A lubricant composition characterized by:
a) at least one vegetable oil selected from the group comprising: sunflower oil,
canola oil, soybean oil, com oil, peanut oil, palm oil, castor bean oil, cotton oil,
lesquerella oil, crambe oil, safflower oil, high oleic sunflower oil, high oleic canola oil,
high oleic soybean oil, high oleic com oil, high oleic peanut oil, high oleic cotton oil,
high oleic safflower oil, and mixtures thereof, wherein the at least one vegetable oil is
present in a range from about 40% to about 60% w/w;
b) at least one synthetic base oil having a sulfur content equal to or less than about
0.03 percent, saturates equal to or greater than about 90 percent, and a viscosity index
equal to or greater than about 120, wherein the at least one synthetic base oil is present ina
range from about 40% to about 60% w/w;

¢) at least one antioxidant selected from the group comprising amines, phenols,
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canola oil, soybean oil, comoil, peanut oil, palmoil, castor bean oil,
cotton oil, lesquerella oil, cranbe oil, safflower oil, high oleic
sunflower oil, high oleic canola oil, high oleic soybean oil, high oleic
comoil, high oleic peanut oil, high oleic cotton oil, high oleic safflower
oil, and m xtures thereof, wherein the at |east one vegetable oil is

present in a range from about 40%to about 60% w w, b) at |east one

synt hetic base oil having a sulfur content equal to or |less than about 0.03
percent, saturates equal to or greater than about 90 percent, and a

vi scosi ty #nddeixtures thesdoftvdheonin dhe etlesst onerratioxidaptis pteaent imimeangé fromhkowdt | east
one syntheé%otgase oil is present in a range fromabout 40%to about 60%

w w, c) at Teast one antioxidant selected fromthe group conprising am nes,
phenol s, &®uahtom/wtamles t hereof, wherein the at | east one antioxidant is

present in.a range fromabout..0.5%tqQ abput 1.0% w w and, d) at |east one
P cive. sl bR alig s th FoftBrots ot MoSher . waar

i nhi bi t or, in@X¥it6e 8Rreplc@BSsUre adiithict fricBon dbdifiérd @1t iAKiBitdr] @irosibhl §thibiahi bi t or,
corrosion inhihit our i

r, Jpoi nt depressant, ckifier, viscasity nodifier,
ot Bl donckiy BRBtpicssaRy RIS Fiorosty RUTEh i) et SN0, > whor ef n t he

corrosion &Rkt Md defuBrRdtwi D taraRAULIEKY idWbWat 04394 RBlbadt 2dgact i vat or

is about 0.05%to about 02% w w, thg pour ognt depressant is about 0.2%to
about 4% wr{ thefaetpigisaciivateris jabaut 08 4ite plaut §.3%Hduthe1% t o about 20% w w. 30

pour point depressant is about 0.2% to about 4% w/w , and the viscosity

madifier is about 1% to about 20% w/w.

30



