APPLI CATI ON- SPECI FI C FI NI SHED LUBRI CANT COVPCSI TI ONS COVPRI SI NG A

Bl O DERI VED ESTER COVPONENT AND METHODS OF MAKI NG SAME FI ELD OF THE

| NVENTI ONWPQO10158Phi s i nvention relates to finished | ubPCrarskoicon3e%i ti ons
and their manufacture, and specifically to application-specific finished

| ubri cant conpositions conprising a diester conponent particularly wherein
the diester conponent is at |east partially derived from bi omass.
BACKGROUND [ 00021 Esters have been used as lubricating oils for over 50
years, They are used in a variety of applications ranging fromjet engines

to refrigeration. |gpppetaBEiRIsPRElrI¢ MNIBHRDIYOBRETIGVEr ankcase not or
oils in autonotive applications. However, esters have largely given way to

pol yal phaol ef i nsUCPRE$ RIS (385 tihie M BRESI NGt BI-PBARIaR® EREER f ormul ati on

simlarities to mneral oils. In full nt hetic nmotor_oils, however,
esters are al npst g% ﬁﬁé@éﬁﬁ’t&@%ﬁ%ﬁ%% ’E"ﬁ‘&*ﬁ&g%&‘ﬁg ance the

ef fect on seals, addltlve solubility, volatility reduction, and energy
ef ficiency inprovenent by enhanced lubricity, [00031 Ester-based

| ubricants, in general, have e%%gbk§ﬂ§ﬂtyg{£ﬁ@ky@n properties due to the
polarity of the ester mol ecul es of whi ch they are conprised. Due to the

polarity of Eats)&;eﬁﬁ@rﬂmu&m@a% lfﬁqmde@&%% NaNB:iBoR L ORAS AL RbAlL y for
netal surfaces than PAGCs m ner al As a result, they are very

ef fective i n®¥siatifiFdli »ﬁgﬁrﬁk@ﬂ@emcw afnih m%s ISHcHE CATPSTiopn ceBRISEECh

protective filis SSHMLAG- 2Nl 0808hNE: WeaLr QhmBlich Melaks: paely
| ubricants are less volatile than the traditional |ubricants and tend to

have nmuch hi ¢figed FPEERTPST nts and much | ower vapor pressures. Ester
| ubricants are excellent solvents and dispersants, and can readily sol vate
and di sperse the degradation by-products of oils, i.e., they greatly reduce
sl udge buil dup. Wiile ester lubric %%‘gfgtgglatively stable to thermal and
oxi dative processes the ester funcfhoRAtT2s give mcrobes a handle with
whi ch to do fel . bl odegradi ng, oy &l (] 840 Lt 090 £ ghlegth el than

variety of applications rangimg from jet engines to refrigeration. In fact, csters were the

first synthetic crankcase mwolor oils i automotive applications. However, esters have

largely given way to polvalphaolefins (PAQOs) due to the lower cost of PAQs and their

formulation sirailarities fo moineral oils. o fully syunthetic motor oils, however, esters are

almost alwavs used in combmation with PAOs to balance the effect on seals, additive

solobility, volatility reduction, and energy efficiency improvement by enhanced

hubricity.

[0883] Ester-based hubricants, in general, have excellent hubrication properties due to the
polarity of the ester molecules of which they are comprised. Due to the polarity of the
ester functionality, esters have a stronger affintty for metal surfaces than PAUs and
mineral oils. As a vesult, they are very effective in establishing protective fibus on metal
surfaces, such protective films serving to mitigate the wear of such metals. Such
fubricants arc less volatile than the traditional lubricants and tend to have much higher
flash points and much lower vapor pressures. Ester lubricants are execlent solvents and
dispersants, and can readily solvate and disperse the degradation by-products of oils, 1.e.,
they greatly reduce shudge buildup. While ester lubricants are relatively stable to thermal
and oxidative processes, the ester functionalities give microbes a handle with which to

do their biodegrading more e{ficiently and more effectively than thewr mineral oil-based
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WO 2012/ 015824PCT/ US2011/ 045389 anal oguest hereby rendering them nore
environnental ly-friendly. However, as previously alluded to. the

pr epar at w0 20f2/085882¢rs i s nore invol ved and nore costly PRRAISLIIAN45RI t hei r
PAO counterparts, 100041 Recently, novel diester-based |ubricant
conpositions and their correspondi ng manufacture have been described in
MIler et al., United States Patent Application Publication No, 20080194444
Al , published Aug. 14, 2008; and in MIler et al."” United States Patent
Publ i cation MNeloz2809B18807GdAlne fubl nehednAugeBih2008dly Thélogkiest es

synt heses de d. e t n cs of

di ester |ubr$§§%$%f§ﬁﬂmf§ ?% %%gﬁéﬂ a%%#§~ﬁ299356§ %g%%ggfév/§?%

f oregoi ng, atd didteiniiAthstiandieng such above-descri bed advances, further
integration of such diester- based |ubricant synthesis with one or nore

ot her procesHggd] }iﬁa??fflivcaib‘@f i stehioset ft\‘srritcmérwiﬁlmwiﬂvi aef thve wonwerdion of | ow
val ue by- pro&%&&u{u (BRI LA S REALT LGl Tl LS Reths! AL SBhcation

COI’TpOSI tions, can e econom CS of ester-based r| cant

manuf act ur e i"ll‘fbha%ﬁa\?m é@géi%fﬁﬁ%éﬂimkhimmﬁ% IBESOR PEIONUGF <THE UAINGENTI ON
100061 The p’éﬁt%@@&teﬁt%%ﬂ @'nQ;'{‘\foS @@ﬂ@%@ﬂ % 1 Gh R G8 Oh L.0 s MBI O S, OfisfRKI NG

appl i cation-specif fini shed [ ubricant” conpositions conpr|5|gg bl o- deri ved
di ester spec%@ékﬁﬁﬁﬁ§@%ﬁ1@H@%ﬁ%ﬁﬁﬁﬁ§mﬁbmﬁiﬁé¥$@éémﬁ@vaO%tﬁéﬁ Fet es are

reacted w thgEischer rlropsehid FT)/gas-to-liquids (G L) reaction products
and/ or by-products (|.e., a-olefins) to yield bio-derived (Hester species

that can thepsbg i8¢ e%%ﬂ M@!{”&ec L-gnded oM dihbase stioglovt-aldlsand.gpg or nore
additive species to yiel 35 ilcatlon specific finished | ubricant

product havi fghg ﬁf%%%%ﬂaéw e B0 Nekitcant 1000F1 ML SBAIE b odichent s,

the present LaventiQRidsdilestigdel Qvilios ess8sve @ maki Ngns Uehoducts
above-nmentioned finished ] ubricant conpositions, said processes generally

conpri si ng t {& ¥PepEonoccifafinhedgaricag camarivn 90 brhEpsii b7 seacBicef i ns,

wher ei n sai dyst@prRtd REERATHNAHCOML L $RSbResURnst eps of 1 (i.) isolating
al pha-ol efins (a-olefins) made froma gas-to-liquids process to yield

isolated a--olefins; (ii) isonmerizing at least a majority of the isolated
a-olefins to yield a quantity of internalized olefins; and (iii)

epoxidi zing at |east a nejpEFEwRkittieN of enpaNvesdiokefins to forma
guantity of epoxidized olefins conprising an epoxide ring; and (b)

obt ai ni ng a [o&FtIt probniastetisd isqahérally digentisy nidieds of making application-

specific finished lubricant compositions comprising bio-derived diester specics.  In
sorae emboditaents, bio-derived fatty acid moieties are reacted with Fischer-Tropsch
{(FTYgas-to-liquuds {GTL) reaction products and/or by-products (i.e., a-olefins} to yield
bio-derived diester species that can then be selectively blended with base stock {01l and
one or more additive species to yield an application-specific finished lubricant product

having a biomass-derived component.

[0887] In some embodiments, the present mvention is directed to processes for making
such above-mentioned finished lubricant compositions, said processes generally
comprising the steps oft {(a) preparing a quantity of epoxidized olefins, wherem said step
of preparing comprises the sub-steps of: (i) solating alpha-olefins (v-olefins) made from
a gas-to-Hquids process to yicld isolated o-olefins; (i1} isomerizing at least a majority of
the isolated a-olefins to yield a quantity of internahized olefing; and (111} epoxidizing at
least a majority of the internalized olefins to form a guantity of epoxidized olefins

comprising an epoxide ring; and {(b) obtaining a guantity of esterification agents, the
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es erification agents being derived fromtriglyceride-borne fatty acid

noi eti es, whereby said derivation yields esterification agents sel ected
from t he Woaor/wassgi sting of carboxylic acids, acyl hal iPAEAIS2@EaKK5389

anhydri des, and conbi nations thereof; wherein the step of obtaining
conprises the sub-steps of: (i ) selecting a bionass source conpri sing
triglycerides, said triglycerides conprising fatty acid noieties of
appropriate length; (ii') liberating a majority of the fatty acid noieties
from the triglydericdezimsl Bow dsvol fwhitetly®héybanelay eodponent vderchs t o

yl el d .F"St eri %auf%t‘lln%ﬂm?g/?@ 8 t:\trg ﬁ?ca ?crsit gﬁ[c"i{syéc@o%mqt irén?atﬁé "Q'O i n@éngfs-li%gy o‘fﬁ t he
epoxi di zed ole he “esterificat t1on agent SO as to yi el a quantity
of diester spewixghs uafhdm(yél)nicf@mrﬁlamg&itides, qmammhi‘yiﬁotﬁx diestt ehcspebies with
a quantity of b . dditdi Ve & L. LJ; gast one
addi tive sel ect Q%% rl%rﬁ ?ﬁ’gj et g gé’oﬁ%g( ?ﬂRQﬂg%ﬁnfb?%‘lg dginu{]% La%jtgltmegl‘g
anti-wear ageghssridvetal ﬂ_@léfactliie} apmp@msp@m\r @s&i opiciigshil bpirarsic 11511$§t (i)

! nhi bitors, fﬂgru'l Cltﬂ ? 'arroog‘ly M’ teJ: %ﬁiv%&ﬁlirﬁmggghgg tg’g@lQR%uld aﬁfo‘ﬁ %g“? X

i nprovers, denmu ST ﬁ agent enmul si ? i ng agents, il ers corrpl exi ng
agents, extréne apr essmpfewatdd] m vesiddp@mmpﬁmﬂntaﬁ@képr(exS\atntfsmg aindk:dst_ a

combi nat i ons, tg6r,6fn. YOSHELNSEL G ON.0kits, bk a8 PnaddLbhye |9
directed | arge’l y by use of e Tubricant conposi t I'ng made,
wher ei n_sai dof dibstr @m@tmcr@lﬁﬁémeﬁmmm%m qbentinf oladitsyp epas b edthedibrigmet he group
consi sting of, L ufllng, Qidigve asggak PLL L S0 DA Jefeobd S

conpr essor oils , chain ol rm equi pmeﬁt engine oils, tractor hydraul i c
fluids, mari ﬂeumwbgmup;aperam@ﬁm’fre Gidrgntss @nir!rd ce agrdist exctdl| dagivhiors, trai |l er
wheel beari NG, B8RS TbitoRd Juf QIRI:NAL 9% ﬂ%ﬁ@ g av{)(?%%% IvRicall iy, the
finished | ubricant corrpoél tions pro ucea ‘he ove- ment i oned processes
conpri se, togéthewrawkthdeaubdses @gde( @@zévehsttg@gk)N anbilionecoowlonpeegatidi ti ve
species, a quantLty..c e S, . e st.er..speci es
general ly ha\L/ki n%nyg ng% ?Iﬁdgv:’n % 8%q5§§gﬁgt%§rggkggm&&l‘«éﬂj{ﬁ@ Fe %pm are
the same or isdeperdént] }ydssgmfe@idédffw raceg largehChy V“wrﬁ;/xdmwfi*b@)hﬂ’gmups (vide
nfra). 10003k Eh6o! 5G0RLAQ MBSRQUK! {i0RG AIBELBr oAk %t hG.df SRt es of

t he present 1 nvention in order t hat et al escription of the

i nvention thaemf Gkl e nessishes b?ét Pé‘FWuﬁﬂﬁermei@di kingd diids. omalfie alfusses and
advant ages of 0 le]eserQY@ rH’lan QIEWﬁgTIET é%gflp@ﬁ&%r«ah?ﬁgﬁ@%&Hﬂgfd&%ﬁg %5@ Qm QEm t he
subj ect of t Tal ns of the invention THE DRAW NGS
100101 For aOlm)lP@fC@iFﬁthé{ elluridedst addidge ofls tihdepreseiexingversisonid and t he
advant ages therneof. . rgf.erence is now made to the follow ng descriptions
taken in conjunction with the acconpanying draw ngs, in which: 100111 HG 1
depi cts exenphad;yry@i-est el FRECH BSrilRalonGAR:N8 Magddi) holhakh@Ass part of
the dies-ter conponent” of at |east sonme of the |ubricant conpositions
descri bed heP®f®ses samdrifculisr@aint e anipes Pt itis sebngdneitieri RodcEBidance with
some enbodi mgpatiss afudhe ALesentsd &VS%L he@Rs, 1100421 Rl odhclaBly Bafid 0Me di agram
illustrating an exenpl ary met hod of }kl ng a | ubri cant conposition, in
accor dance WA RVE8HE“ERBodi ments of the present invention;
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100131 HG 3 (Schene 1) illustrates how at |east sone of the diesters of

t he di ester conponent of finished |ubricant conpositions can be generated
froman epoxot#1S§2eci es by proceedi ng through a diol (diPayarsec/0¥5389

i nternedi ate species, in accordance with sonme enbodi nents of the present

i nvention; 100141 FIG 4 (Schene 2) illustrates how at | east sone of the
diesters of the (Hester conponent of finished |ubricant conpositions can be
generated via direct esterification of epoxide species, in accordance with
sone enbodinehﬂSﬂdh,BheRpﬁeééhtﬂ¢ﬁmemnkcnﬂnﬁmaﬁgmewﬂ%mﬁ ff@chkene Q)
iIIustrates Ak.lea nﬁ%w§ﬁyﬁ the diesters of the diester conponent of
finished Iubrlcant o t|o s’can be generated V|a an enzyne-facilitated
pat hway, in reand L t, " [LEeSE on
100161 Ha 6 e a5 P e o Fract [onar oo SREM b BPEM 2o be
used to tail grertihs tl(eﬁieetieidee@mpeneiﬁbe wfentthe by llghradasl deilwanderdewposi ti on,

I n accordancgwifhy §?H¥% VRS é&%ﬁt&%l? L oRedhaBNt s bgfdcxcngwptff‘?&%@%r Liention;
and 100171 FIG. he ustrates how fractiona crysta1llzat|on
can be used ﬁ@nﬁaﬁhﬁﬁﬁpﬁ@~dhe@ﬁéﬂP@@Wﬁement of the -finished |ubricant
conposition, in accordance with sone other variational enbodinents of the

present invention, DETAI LED DESCRI PTI ON OF THE | NVENTI ON
. Introduction 100181 As e recedi ng section, the present
invention is directed to %%?ﬁdﬁéﬁﬁﬁPh%&iﬁbfgﬁﬁﬁPg%F?%% specific |ubricant
conposi tions V|n a biomass-derive onent. I n sonme enbodi nents,

bi o- deri ved ?‘K érﬁ?‘i/‘éﬁr TFomcasre e«w&’m & PBPORHY S EBRE )¢ AoRYRRcs

(carboxylic) thaﬁbﬂxdmb@t: h@ﬁov&hﬁdd’ ea6d ediowidshickirgeherakbs apsedunction with
(FT)/ gas- toI UIdS gGTg) eaction. products and/or by- products (Le.,
a-ol efins) t 9%e“8‘§?%£%3?W¢eﬁ gester speC|es that can then be

sel ectively th base n ne or d|t|ve speC|es
Co yiel d an DSENIEG: Mimup@RReRb i St MIGreRateesr outet erig
bionass-derlme@ke@ﬂnﬁmemtnmi@O&Q& &@maﬂ&eimﬁamﬁu@f@ﬁamhe&ﬁmdkbMkaels are
increasingly c ur ttenti ) ng.. t opi of focus
for many Tn FHORBH] Rt P e Tl Pt SReCEh AR E R RE Groduch
above- nment i opednf inninshed Iubrlcants could be attractive from several

di fferent perspectives (e.g.., renewability, regulatory, economc, etc.).
As bi omass iEmaﬂnﬂﬁz%d(thiﬁ&ymammmgwa@anhexmﬂesmeﬁmdoﬁpehen&h@ﬁ&mhe

finished |ubrican S, descri,bed herein g ! P{IC&ﬂt% deenmed to be
Lo 051 1 11 &LLO; d.lnm? ‘«1 1 SOET‘E %Hhhﬂ 1mer1 S [§] hc? ﬁ_eeaérlt 1]”1\/13*1 mnr | se a

bi ol ubri cants very
bi o- deri ved ﬁ;@@qj}ﬁng (Scheme 1) 1’5L;.:¢mtes how at least some of the diesters of the diester

component of {inished fubricant compositions can be generated from an epoxide specices
by proceeding through a diol (dihvdroxy} intermediate species, in accordance with some

erobodiments of the present invention

{00141 FIG. 4 (Scheme 2) illustrates how at least some of the diesters of the diester
component of finished lubricant compositions can be generated via direct esterification
of epoxide species, in accordance with some embodiments of the present invention;

-

{0015] FIG. 5 (Scheme 3) illustrates how at least some of the diesters of the diester
component of finished lubricant compositions can be generated via an enzyme-facilitated

pathway, 1 accordance with some embodirnents of the present invention;

{0816] FIG. 6 (Scheme 4) illustrates how fractional crystallization can be used to tailor
the diesier component of the finished hubricant composition, i accordance with some

variational embodiments of the present invention; and
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Definitions 100201 "Lubricants,"” as defined herein, are substances (usually
a fluid under operating conditions) introduced between two noving surfaces
SO to redwoeotdasd2ni cti on and wear between them This deCirAiseé10/043389

i ntended to include greases, whose viscosity drops dramatically upon
application of shear, 100211 Herein, "base oil" will be understood to nean
the single | argest conponent weight) of a lubricant conposition. Base oils
are categorized into five groups (IN by the American PetroleumlInstitute
(APl), See AmﬁfﬁdﬁfiEéhk@m:@Nﬂwﬁemsm&&gﬁﬁihé«AﬁwﬂﬁBamamabka@@negﬁhy, as

shown in the ht% Ms%ywc&%%oglg lg? {JﬁQ hru i Hbﬁr;g‘%ﬁsec&igoq 108 i{aef LJ‘%%E @ﬁﬁ% -QSi tional

nat ur e and/or orl e base ol tegory oup
Gou'll other V'm'lt},oml embodiments of the present mvention.

DETATLED DESCRIPTION OF THE INVENTION
1. Introduction

[B618] As mentioned m a preceding scction, the present mvention is divected to methods
of making application-specific lubricant compositions having a biomass-derived
component. In some embeodiments, bio-derived (i.e., derived from a renewable biomass
source} fatty {carboxylic) acid moieties are reacted with Fischer-Tropsch (FT)/ gas-to-
hguids (GTL} reaction products and/or by-products (i.e., a-clefins) to vicld bio-derived
diester species that can then be selectively blended with base stock {oil} and one or more
additive specics to yield an apphcation-specific finished Jubricant product baving a

biomass-derived component.

{0819] Because biolubricants and biofuels are increasingly capturing the public’s
attention and becoming topics of focus for many 1o the oif industry, the use of biomass in
the making of such above-mentioned finished lubricants could be attractive from several
different perspectives (e.g., renewability, regulatory, cconomic, ¢ic.). As biomass is
utilized n the making of the diester component of the finished lubricants described
herem, such lubricants are deemed to be biokibricants—or at the very least, they are

deemed to comprise a bio-derived component.

~

2. Prefinitions

[3620] “Lubricants,” as delined herein, are substances (usually a fluid under operating
conditions) mtroduced between two moving surfaces so io reduce the friction and wear
between them., This defimition is intended to include greases, whose viscosity drops
dramatically upon application of shear.

[0821] Herem, “base oil” will be anderstood to mean the single largest component (by
weighty of a lubricant composition. Base oils are categorized into five groups (I-V) by

the American Petroleum fnstitute (AP}, See AP Publication Number 1509, The AP



Goup Il

Sul fur (%9 >0.03 <0.03 <0.03 and/or and and Saturates (%

WO 2012/015824 PCT/US2011/045389

Base Gil Category, as shown in the following table {Table 1), is used to define the

compositional nature and/or origin of the base oil.

Table 1.
Base Oil Category Suifur {%) Saturates {%) ¥iscosity index
Group | >0.03 andfor <80 80 to 120
Group i <0.03 and >80 8C to 120
Group Hi <0.03 and >G0 >120
Group IV All polyalphaciefins (PAOs)
Group V All others not included in Groups | I}, Hor IV {e.q., esters)

100221 “Mineral base oils,” as defined herein, are those base oils produced by the

refining of a crude oil.

{33231 “Pour point,” as defined herein, represents the lowest temperature at which a
fluid will pour or flow. See, e.g., ASTM international Standard Test Method D 5950-02
(R 2007

10024} “Cloud point,” as defined herein, represents the temperature al which a fhnd
beging to phase separate due to crystal formation.  See, c.g., ASTM Standard Test

Method D 5771-05.

{30251 “Centistoke,” abbreviated “cSt,” 15 a unit for kinematic viscosity of a fluid (e.g., a

5

tubricant), wherein 1 centistoke equals 1 millimeter squared per second (1 ¢S5t = |
mmzfs) See, e.g., ASTM Standard Guide and Test Method D 2270-04, Herein, the units

o~ 2 N
¢St and mun/s are used interchangeably.

{0026] With respect to describing molecules and/or molecular fragments herein, “Ryp,”
where “m” is an index, refers to a hydrocarbon group, wherein the molecules and/or

molecular fragments can be linear and/or branched,
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<90 cig cig Viscosity Index , 80 to 120 80 to 120 >120 G oup |V
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00271 As defined herein, “C,” where “n” is an integer, describes a hydrocarbon
moiccule or fragment (e.g., an alkyl group) wherein “n” denotes the number of carbon
atoros in the fragment or molecule,

3]

{0028] The term “carbon number” is used herein in a manner analogous to that of “C,,.
A difference, however, is that carbon mumber refers to the total number of carbon atoms
m a molecule (or molecular fragment) regardless of whether or not #t i3 purely

hydrocarbon i nature. Linoleic acid, for example, has a carbon number of 18,

{0029] The term “internal olefin,” as used herein, refers to an olefin (ie., an alkene)
having a non-terminal carbon-carbon double bond (C=C).  This i3 in contrast to “o-

olefins” which do bear a terminal carbon-carbon double bond.

{8030] The term “vicinal,” as used herein, refers fo the attachment of two functional
groups (substituents) to adjacent carbons in a hydrocarbon-based molecule, e.g., vicinal
diesters.

[3631] The term “fatty acid moiety,” as used herein, refers to any roolecular species

and/or molecular fragment comprising the acyl component of a fatty (carboxyhic) acid.

{3032 The prefix “bin,” as used herein, refers to an association with a renewable
resource of biological origin, such as resource generally being exclusive of fossii fuels.
Such an association is typically that of derivation, i.c., a bio-ester derived from a biomass

procursor roaterial.

{0033] “Fischer-Tropsch products,” as defined herein, refer to molecular species derived
from a catalytically-driven reaction between CO and H; (i.e., “syngas™). See, ¢.g., Dry,
“The Fischer-Tropsch process: 1950-2000,” vol. 71(3-4), pp. 227-241, 2002; Schulz,
“Short astory and present trends of Fischer-Tropsch synthesis,” Applied Catalysis A,
vol. 186, pp. 3-12, 1999; Clacys and Van Steen, “Fischer-Tropsch Technology,” Chapter
8, pp. 623-665, 2004,

{0034] “Gas-to-liquads,” as used herein, refers to Fischer-Tropsch processes for
generating liguid hydrocarbons and hydrocarbon-based species (e.g., oxygenates).

o~

{30351 “Application-specific finished lubricant compositions,” as described herein,

refers to lubricant compositions formulated for a specitic end-use.

~l



G oup V Al'l pol yal phaol efins (PAOs) , Al others not
included in Goups I, Il, Ill or RI (e.g., esters) [0022 "M neral base

oi l's," aswoOebizias82herei n, are those base oils produced IpgTIUSROINBHI3A/Y Nnu of a
crude oil. [0023] "Pour point," as defined herein, represents the | owest
tenperature at which a fluid will pour or flow, See, e.g., A STM

I nternational Standard Test Method D :59504)2 (R 2007). [00241 "d oud
point," as defined herein, represents the tenperature at which a fluid
begi ns to phase sSepdrdtebdus Hoopesiystal formation. See e, g, "NSTM St andar d
Test Method D 577 1-05. [0025] "Centistoke," abbreviated "cSt," is a unit
for ki nemat i B%6iddokids ! gfc meskhuirdoien gide Wbrdeeanty) roviberoeirpplitatent i st oke
equal s 1 m | Li.net el squaled.p 860N LGSt 55-dobil diSder 86 mal: @ " KSTM
St andard Gui b%qgnggl‘?%gg‘ anrI{/gtg toﬁ{%&%%%ggﬁ?]mﬁfé% gioni},r hlt;]q{e{l%)nﬁf { (ga%%%lgﬁgd rnn/ s
are used i nt éesthangealshiycomprising a gquantity of (vicinaly diester species having the following

chemical structure:

O
Rg)L\O
R
Ry
O R4
O

where Ry, Ry, Ry, and Ry are the same or independently selected from a s to Cyy carbon
fragment. Depending on the embodiment, such resulting diester species can have a

molecular mass between 340 atomic mass units {a.m.u.) and 740 a.m.u,

{0037} In some embodiments, the diester component of such above-described lubricant
compositions is substantially homogencous. In some or other embodiments, the diester
component of such compositions comprises a variety (i.c., a mixture) of diester species.
In some embodiments, the diester component of the finished lubricant composition
comprises 4 quantity of at least one diesier species derived from a Cg to Cis olefin and a

(g to Cy4 carboxylic acid,

[B638] In some embodiments, the finished lubricant composition comprises a quantity of
at least one diester species selected from the group consisting of decanocic acid 2-
decanoyloxy-i-hexyl-octyl ester and s isomers, tetradecancic acid I-hexyl-2-
tetradecanoyloxy-octyl esters and iis isomers, dodecanocic acid Z-dodecanoyloxy-1-
hexyl-octyl ester and s isomers, hexanoic acid Z-hexanovioxy-1-hexyl-ociyl ester and
its isomers, octanoic acid 2-octanoyloxy-1-hexyl-octyl ester and its isomers, hexanoic

acid 2-hexanoyloxy-i-pentyl-heptyl oster and isomers, octanoic acid Z-octanoyloxy-i-



[0026i Wth respect to describing nol ecul es and/or nol ecul ar fragnents
herein, "Rn"," where 'n is an index, refers to a hydrocarbon group, wherein
t he nol ecwiDes12zzane2er nol ecul ar fragnents can be |inear &Qd/useolbodizehed.
100271 As defined herein, "Co," where "n" is an integer, describes a

hydr ocar bon nol ecul e or fragment (e.g., an al kyl group) wherein "n" denotes
the nunber of carbon atons in the fragnent or nol ecule, 100281 The term
"carbon nunber" is used herein in a manner anal ogous to that of "Co." A

di fference, howewery! dsisr thlaiborcay. blomnmurbé 2 -deefrepioxt-o-ptie-teptyhtstamander of
carbon at or )@ (L EEUL A L oL, T 041 B, U ARTRAL)J FORLALESRuOL et her or
not it is purely hyrocar on i n hature. Linoreic acid, a
car bon nunbescid-dt@:caofB291-pTkg!- t@ewhrét@vmtlémailcvsohEftdcmnbma’slduksmw’&er ein,
refers to an, f, Bty 2N.81 kene) A i a- car bon
doubl e bond (%—‘%%qﬁi&h Ef“p $n %ont%}gst t%}cg1 w, Thre]d ? thiallh gq{“%gar a
term nal car wowccarbony Mubb@erb@nddisoriﬁewﬁedﬁh@c taexdnh Yopy S-ddbcatioydsyused

herein, ref eﬁ&?fb&mﬁ 08 %Entn% TRk Ofid )ggstg'dfﬁ'& %“gu% 11%%95 aﬁaﬁ‘f%ﬁt% uents)

to adjacent ons 1n a rocarbon- g., vicina

di esters. 1003&®icTha t-bwt m? patyloachdyhoitatapd ﬁsoam%use@mhened n;bunefers to
any nol ecul a | cul ar.,./ sl . I
conponent of Eeéi?ugﬁ kg g f)){()?/g?%% %m gn dié}%gg e prgﬁ Qm%h& 3%8%(15 used

‘herein, ref mﬂgitceiuamdasgcm atoitomneif phid &- Mﬂ@ﬂ%’@@ rpseipedylofsichiant ogi cal
origin, SUChlxé‘(ﬁcr §Q+H‘ G BCNEL %#ley Xpe Q(%IV? 9‘\ ‘H%I *Veun%fi%(!:&?? Iolmllinl}lueLf'?d Such an

aSSOC|at|on|styp|ca ythat erivatro . | 0-éster derived from
a bi omass pré@t}ﬁlﬁmiﬂ?\n"étwr’ﬂ‘/épmi‘&OQS‘?&1d113FF®€h@¥ :mw@pxschplcbrbbmermﬁdxvas defi ned

herein, ref eé\é’%‘q p%lvgeeggl ﬁféi 1&;9%?5‘ rg&{ule\égrgﬁcfﬂf gm a catalytically-driven

reacti on bet synga ee, e.g., Dry, "The

Fi scher - Tr opgghey ﬁ&@&@@ém :%5@ %@QQ o MsQJmp a?&l(il%stél) mnﬁ{%un&%?? %%’a%ma@QOZ

Schul z, "Short histor d present trends of Fischer-Tropsch synthesis,
Appl i ed Cat afspsiisd Ay segh/sub18Es oppe eyl disggbtddr%%maw@vaﬁnaﬂs@*e@w

"Fischer-Tr O&ﬁ&ﬁug RCRNR! BWNod i ERPIELIB cnddPolc 82310008 d: 2004 scid (Cy, fatty
acid), and wherein structural diversity arises from the extent to which the -tetradecene
has been “mternahized.” Compound 1, for example, arises from the epoxidation of 1-
tetradecene divectly.  Any or all of compounds 1-7 could be present in the diester
component of the application-specific finished lubricant compositions of the present

mvention.

4. Methods of Making Fimished Lubricant Compositions

[0840] As mentioned in the preceding sections, the present invention is generally
directed to methods of making application-specific finished lubricant coropositions

comprising a bio-derived diester component such as described above.

10841 Referring to the flow diagram shown in Fig, 2, in sone emboduments, the present
mvention is directed to at least one process for making lubricant compositions, said
process comprising the steps oft (201) preparmg a quantity of epoxidized olefins,
wherein said step of preparing coraprises the sub-steps oft (201a} isolating ¢-olefins
made from a gas-to-higuids (GTL) process to vield isolated a-olefing; (201b) isomerizing

at least a majority of the isolated g-olefins to yield a quantity of internalized olefing; and

-G



100341 "Gas-to-liquids,” as used herein, refers to Fischer-Tropsch
processes for generating |liquid hydrocarbons and hydrocarbon-based species
(e.g., oxwoenmtwEss24 100351 "Application-specific finish@dTIuskelil®aizs9
conpositions,"” as described herein, refers to |ubricant conpositions
fornulated for a specific end-11se. WO 2012/ 015824PCT/ US2011/ 045389
3. Fini shed Lubricant Conpositions [00361 Methods of the present invention
(vide in/re) generally provide for application specific finished |ubricant
conposi ti ons{28onpresiings at biv-aderdved! dicesteriicdrpdne At ot hejudies per
conmponent COgﬂ%&{d%&‘%i&ﬁ‘{%&éhiﬂ%% e%%balRllrigg%&rgil @Ef%mgiﬁﬁg' £§qu£¥ﬁ‘;¥l i ng the
foll ow ng chem cal structure: wher e , , ,.an are the sanme or
i ndependent | ytsidbdot egerfs tmesioCeatan QLT banbdmvéd agmentlyccépamd fagy on t he
enmbodi ment, 2YE Ii]f‘()lgw%g‘au'\/‘gﬂcl;l’g\/ c&i}%s&w atR ﬁ};&s SSC% Jﬂ%\%edg@m@h&%&' AhmMHSS
bet ween 340 atom ¢ nmass units (a, mu..) and 0" a. m-u.

group consisting of carboxylic acids, acyl halides, acyl anhydrides, and combinations

thereof; wherein the step of obtaining comprises the sub-steps oft (202a) sclecting a

biomass source comprising trigiveerides, said triglycerides comprising fatty acid

moietics of appropriate length (being proportional to carbon mumber); (202b) liberating a

majority of the fatty acid moigties from the triglyceride molecules of which they arc a

component 8o as fo yickd csterification agents; (203) esterifying at least a majority of the

epoxidized olefins with the esterification agents so as to yield a quantity of diester

species; and (204) combining the quantity of diester species with a quantity of base oil

and an additive component comprising at least one additive sclected from the group

consisting of antioxidants, detergents, anti-wear agents, metal deactivators, corrosion

mhibitors, rust inhibitors, {riction modifiers, anti-foaming agents, viscosily index

mmprovers, denwlsifying agents, emulsifying agents, tackifiers, complexing agents,

extreme pressure additives, pour point depressants, and combinations thereof; wherein

selection of the at least one additive 15 directed largely by the end-use of the hubricant

composition being made, wherein said labricant composition can be of a type selected

from the group consisting of turbine oils, metalworking fluids, hydraulic [huds,

comapressor oils, chain oils, farm equipment engine oils, fractor hydraulic fluids, marine

oils, paper machine oils, spindle and lextile oils, trailer wheel bearing greases, and

combinations thereof

{3642] The GTL process by which the a-olefins are produced can be a low-temperature
(200-300°C) Fischer-Tropsch {(LTFT)} process, a high-temperature Fischer-Tropsch
(HTFT} process (>300°C), or some combination of the two. In addition, in some such
erobodiments, the GTL process may further mchide one or more additional processes
subsequent to the mnitial Fischer-Tropsch synthesis.

0843] In some such above-described processes, the sub-step of isolating the a-olefins
comprises their separation from a largely paraffinic GTL product. Such separation can
be effected via a variety of techniques inchiding, but not hmuted to, distillation,

fractionation, membrane scparation, phase separation, and combinations thereof.

-10-



[0037i In sone enbodi nents, the diester conponent of such above-descri bed
| ubricant conpositions is substantially honbgeneous. In sonme or other
enbodi mernwe,201gs84est er conponent of such conpositi onsPCOASLII3M$5389 vari ety
(i,e,, a mxture) of diester species. In sone enbodi ments, the diester
conponent of the finished |ubricant conposition conprises a quantity of at
| east one (Hester species derived froma Cs tO Cl4 olefin and a C6 to Cl 4
carboxylic acid, [0038i In sonme enbodi nents, the finished | ubricant
conposi ti on B#irin sese aciguant-iitsyriet patcedseadt sunecdiestierizispeedles wsel ect ed
from the 07 bR Ganslishidgeh Aecanale,.anl dodn 95anaxL AR hafiirta ooty
ester and its tet radecanoi ¢ aC|d T he
tetradecanoym@ﬂyfomﬁvhke@ﬁ@h@ﬂamdwwh5%;swnﬁngﬁ%ﬁadbémn@i@ﬂa@Pdnﬁ“m

2- dodecanoyl oxyfigxy) s08UN] oCREST BACIE SULRATRLS, pllaPXBNOLG BF! fheed

2- hexan. oyl oxy- exﬁi octyl ester nd i id

2- octanoylox@a,1u-ﬁéxyN0@hmyhﬂ@SanmﬁﬂhmﬁiEMﬁs@ﬂeﬁg70ﬁ§xan9utAa@ﬁw

e, oY o1kl SRR pRRIH o ILE! XA SOLSeq B! AT A fhan o

2- octanoyloxy- pe ester and’is ecan0| id

2-decanoyl . o%yimﬂpbth$ngpﬁyl3@%&%@ aﬂ@dfgbﬁﬁr§§,déﬁaWOﬁciﬂfﬂijTS

aci d- 2- decanpyl.oxy; 2ReRent xtwbsg]try' 994N ANG, Ll & TSARISy. dadgeanol ¢ aci d

2- dodecanoyl oxy- pent hept ester |sone s, tetradecanoic acid
1- pentyl- 2- %e%?é@eﬁaﬂéyhmxw9&@ﬁm®Mﬂ@s@bﬁhanﬁﬁhseﬁ@@sPmtetTéﬂédam@ﬁc acid
1-butyl-2- tgf F%d%aﬂ%){ Q?%;Yc» hexwh 5{3%% ARk SOMEYiSi AQUGE 304 f1 AFL d-

1- but y1- 2- dodecanoyl oxy exy ester and I soner’s, ‘decanol ¢ hCI

1- but yl - 2- deksindytloshycthiox yl coestiore dudnipbormbat s—bd%@étaamimtovlé’ci -dimensional

1- butyl -2-0c ggp laxyshexyl s g5t ef sand isoners, hexanoic acid 1-butyl-2-
hexanoyl oxy- exy ester an&glsoners t et radecanoi ¢ aci d

1-propyl-2- tﬁﬁi&ﬂ‘%@&%ﬂ}ﬁ'tﬁ)é&%%’c‘n 1@1%8%%)%90!0396@&;3: dadeganpl.Gia64 d

2- dodecanoyl oxy-| - propy entyl ester and isoners, décan0|c aci d

2- decanoy| ox§iepiin %pméwibﬂﬂg@ﬁ“tiyIﬂ‘ice@%frdfaﬁdkii stsfemyingdeampicenalietddon

2- oct anoy! oxys lo-deRRpYha RENYd i £94E 2 %G@xb@QH@E%Lcﬁﬁéaﬁoﬁ&méﬁh&h e.g..

2- hexanoyl oxy- 1 - propyl-pentyl ester and isoners, and nlxtures t her eof .
[0039] Ref er PIseiga4e8ic Fiigy, 10 EonesOMhePakiEs exsnpt-ab Yo alredt Srpos oApoun@ssia- 7 t hat
can be QGHGVQIQQMQMw%h§9§&§HQ %Hﬁ@ﬁmpknﬁbéh&ﬁ& odg deser idhed. digr einaf ter,
wherein all of such conpounds can be formed froma 1- tetradecene n--olefin
and a dodecaffdi b- mei W(1622 P4ty acid), and wherein structural diversity
arises fromthe extent to which the 1-tetradecene has been "interpalized,"
Conpound 1, {8#oidRanmt aichappSelsssPehP e ep8% Pt iror BFratne Figtaiiscene

directly. Anym@J fadl laci@fmEQRP LGS oL hli Rl O b &y 88 @Rt L RId hecctlii asd er
conponent of the application-specific finished lubrjcant conp05|t|ons of

the present FHREHRES Bids &hM@ﬂﬁo%l PO G YRS AT SHEHICEUBr 186 HRt5CofrBosi ti ons

[00401 As meptiebed, 19nihbes &T@ﬁﬁﬁhrﬁgmﬁﬁ&tdfﬂﬁﬂhohﬁ% PERSAAL Cliventih@n 1S
general ly directed to nmethods of g dgg cation-specific fi ni shed
lubricant cohpo&Ftions @it $iln dmambﬁ eSO dil e ST SUEAPBIEI Ssuch as

descri bed above.rufiRO4dd:Refenbing of Qutkbgidl ow.dliagnanshown il i@ 2, in
sone enbodi nents, the present invention js directed to at | east one process

for making | BRI Caler cBAEHAt FBHEMIGRPY T JeeSECEEMAT 7RG THe 8t'8ps of ;

(201) prepar idgqaclH@nbi Lk ﬁfmgeﬂﬁ)&ﬁﬁﬂaﬁ@ﬂy(Ebﬁf)gdﬂ&ms\ﬁh@frﬁi &7 15 ghostep Of
preparing conprises the sub- st eps. of: 201a% I sol ating a-olefins made from

a gas-to-|iquisgee @nwa?%ee@@w S e AT it e P‘a\bibﬂ%ﬂ% 2SRy
i soneri zi ng at, Jduemstd Bodmapowisy of the isolated a-olefins to yield a
quantity of internalized ol efins; and

{38471 In some such above-described processes, the step of esterifying the epoxidized

olefins proceeds through a diol mtermediate (see Miller et al, United States Patent
Appiication Publication No. 20080194444 Al, published Aug. 14, 200€). Such a diol

miterraediate can be generated via epoxide ring opening to yield the corresponding diol,

- 11 -



(201c) epoxidizing at least a majority of the internalized olefins to form
a quantity of epoxidized olefins conprising an epoxide ring; and (202)

obt ai ni ngwea 2quanss2ty of esterification agents, the estePCTitSatiilons3agent s
bei ng derived fromtriglyceride-hone fatty acid noieties, whereby said
derivation yields esterification agents selected fromthe group consisting
of carboxylic acids, acyl halides, acyl anhydrides, and conbi nations

t hereof ; wherein the step of obtaining conprises the sub-steps of (202a)
sel ecting a bhoraglss sogrpaigonpfligidiga kil ghtyigerd déssedsailiztd hglycer i des
conprising f t e e rtional to
car bon nunbeg%E&”%bﬁgquE%e%§§?ﬁg1%pﬁaq§£1&ggik %%JQQQ h@g%? %%?e ties
fromthe tri glg.d8rli deOadl€0ulpedulogerahi,clv.)t heys and tagcbméﬁﬁus)m‘a@ to
yield esteri i galion A08N 8k A0PLiES erLT ¥ing ahad So5L by, of the
epoxi di zed ol e ins wt e esteri |cat|on gents so as” éelo? a quantity
of diester sgeti @d¢chandny Z0PpxidoRbichpmg Ct'ﬂfrel aa‘amqit%ﬁ(%tpml eét@r I'%¥%eci es
with a quant]ty o]l Y, 0 e Si | east
one addit | ve B BErBET; ohtspRRtRE AR, SIRARE ATRALE ARl
detergents, anbiclwehicsagem Sresaret & Udeht:wwattamﬂs Argowr okirprind WHi, bblkt or s,

rust i nhi bi Loy obI]1Ghi100, MO T heLs o@Dl t%wquy;st&tﬂom%\tt $Gskty index

i mprovers, rs fying agents, enulsifying agents i'ers, conpl exing
agents, ext reenfesSprfe?esigmzeue@éitttonvewdlq@empqa@sxntn hgdpridssant s, and

conbi nati ons t hereof; wherein selection of the at |east one additive is
directed | ar §éf§l Ipyoreheceppbadsecnst the Hie! Ny @dnt reeivposhticonicngisign made,
wher ei n sai d,J.Ubg ANt QMRS blik ORacan shey.of s%ht@faoe@g'ﬁ%eﬂet&%t&} he exoup
consisting of turbine oils, nmetalworking fluids, hydraulic flu

conpr essor ofuck patbial Hatglrpos cdsfiaip paleliplphents cengiline olipser spreietwIcrdiydr aul i ¢
fluids, ”ar'ﬂﬁs&hl%udp%ﬁﬁémﬁ@&@Hﬂﬁtﬂkkss &R&an ﬁﬁ@ cﬁxhh% quksbctraller
wheel bearlng greases, and conbi nati ons F hereof. [0042 process by
whi ch the a- BrEpdpsd, a%‘*eihfpti@éia‘fceﬂﬁm’awi e agpop tjw-it”l@ﬁ?)el‘ffétt arf“emé*tsz\b@b%%)

Fi scher - Trop&gﬂmgh@JFT) process, a high-tenperature Fischer-Tropsch (HTFT)
process (>300C), or sone conbination of the two. In addition, in sone such
enbodi nent s, L;I@@ 1Blbme PEAGBSS:- TR ibEM bbb ke Meliider eaea%t,mweoaggttl onal
processes subsequent to the initial Fischer-Tropsch synthesis, [00431 In
sone such ab®¥Erdegeridbacprovesses oty Bimostey 9rly gt 5o e

a-ol efi ns conprd G@svtiRek a1 S eRAf @ hieNpfiE0MppiidaBs ORI NicARE &l bfige 1 4abhs
product. Such separatlon can be effected via a varlety of technlqhes

i ncl udi ng, bbt: HEEsET divgett 1969 dibsoreIsaET eRDOMTeaE: FErsRi B HEMSEr Bhe

separation, phasecseRaralki @RicdandiCorhiRalk onas Lthereek 108441nd Rigome such
above- descrlbed processes, the sub-step of isomerizing involves use of an

ol efi n i sonefdi@ut Fave selpafd &t %ﬂa@w%agomeata Nt P fbed SHERcEE sk ATt i ne

al um nosi | i cat®, ansh b kRofRtREdRLEd ang, abrmk RORRASRANALE Sand 968bin&idds »
Schaad, United States Patent No, 2, 537 283, i ssued Jan. 9, 1951; Hol m et
al ., United Sfapiedd patseniboNgens, &1he B 1iop pdivedy Lty e e lay6s mdsddi ngs et
al ., United §t@t@§m€q§remwd\h 2 1&, 2701085 crify 55 YardeAUGuciADios 11 96650silleddi ngs,
United States Patent 014, issued Jun, 20, 1967; Mtsutani et al,,
Uni ted St at e&&tENTIoHNG méd’ éélawe&‘s&v 1pg ¢ Slfe b amoremplen 7uchiRsfivas o) |

United Stat egoRalient diNQ: es@:i#idBiod 6die b;&&megpo%umu%wel&@@hséccamt&@n et al.
United States Patent No. 4,593, 146, issued Jun. 3, 1986; Tidwell et al.

Uni teg St at emsRAIENEonNO sucB, 183+ B64iibdds prRehsdarhe Zah-s 297, v@ﬁﬁhi\f}ad lier , f
United States Paten the.last o

whi ch cl ai ns%’ie?fgfgfﬁ\af\b t’hi'?é“datlsﬁirﬁ%a%bﬁ‘ ist‘;ﬁgte@%’ Biss Sﬂ“‘ﬁa\ﬁéf??’s? o

1- di nensi onalz/pores, Gkd siczel heboseen t&m&n%@raﬁteﬁ iRig, $®Q4t5ilcxaegtazrvdiun’g t he
above-nmentioned sub-step. of epoxidi zj é’ y t he. epOX|daH n.step), in
sone embodi n¥HTEY: t‘ﬂ‘éeletb%‘*‘v%“é‘g%*&inu ‘Be falhﬁm RVt g HEsH“d ‘H&‘LF zed from
an a-ol efin) ocaniibel. r eagt Sdhc\ﬁllctj]d@tdﬂ)ﬁﬁtﬂ%ﬂgd@l&(jﬁp@hwavHBQ?;}%&Ed:.&1<Dei’r@‘)(y aci d
(e.g., peroxyacetic acid) to generate an epoxide. See, e.g., Sv,iern et

al,, "Epoxidation of Oeic Acid, Methyl Oeate and ()ley' Al cohol wth

Per benzoic Acid," J. Am Chem Soc., vol. 66(11), pp. 1925-1927, 1944.
100461 In sone such above-described progesses, the sub-step of |iberating
triglyceridehone fatty acid noieties conprises hydrol yzing the
triglycerides to yield glycerol and carboxylic acids, the latter being
operable for use as esterification agents (see, e.g., -Huber et al.,

"Synt hesis of Transportation Fuels from Bi omass: Chem stry, Catalysts, and
Engi neering,"” Chem Rev., vol. 106, pp, 4044-4098, 2006). In some such
enbodi ments, there further conprises a sub-step of substantially separating
the carboxyllc aC|ds on the ba5|s of the|r degree of unsaturatlon so that

. o, oy . .



wherein this ring opening is effected via acid-catal yzed or based-catal yzed
hydrol ysis. Exenplary acid catalysts include, but are not limted to,

m ner al - bsoed12Bne88t ed acids (e.g., HCL, H2SO. H3PO4, PpETRSREgOnIBES,
etc.), Lewis acids (e.g,. TiCl4 and Al Cl1l) solid acids such as acidic

alum nas and silicas or their mxtures, and the |like. See, e.g., Parker et
al ., "Mechani sns of Epoxide Reactions,”" Chem Rev., vol. 59(4), pp.

737-799, 1959; and Paterson et al., "meso Epoxides in Asymmetric Synthesis:
Enant i osel ectswigc@peniing ypxNachbeopHit estd m ¢ HestPr gsenteswol cBhiideabn Lewi s

Acids," Ange), gﬁﬁgﬁﬁgiygg&kmﬁ%“m§¥?hmi%;&? pp. 1179-1.180, 1992.

Based- cat al yze Is typic ves the use of bases such as
aqueous solu s NoIEN ) yar Q 1 such
enbodi nent s, B?ﬁg%é ol 9%?3@#%‘?§?§q§§*¥§§% g’Qﬁ#gﬁﬁmﬁepgg%éi?F?%g?fon agent
in the pr esefioe tof zgn aeisttiearalisrgroic Shdwriciatogehebexy-¢Erigstegpnd jts an
exenpl ary sugh,Rat IRt .8 066081 LLOUANIA 0! RECLESERhante (0 2
di ester species, erein in son-l€ suc i ent's the di ester spéecies so
formed can séfb%@@w]éﬂtﬂldy- %@LQ&ﬂ@é@\pdr%wm td gstphyed (ldg s, sonponedid 2or a
portion -t heﬁ&%ﬁoy}dx?tl%e@yifdcnﬁ 2d é?rdanliqgg ieant o&%@?&’%ﬁ b%@taxl<;yQQ<4%1hel<ﬂ some
such above-descri'b processes, the step of esterifying the epOX|d|zed

ol efins is cegir &gt cﬁnﬁe{ft Isguigrp, ahaxezdt oA bbvareipxy Hepeaipbkirtil K@ ¢héfin and
the eSter'f'ﬁ@&&@QxéHﬁPEués%@aMw g 6%hxﬁ&pw1P@&a%@m§%@%%§wﬁ@&%ﬂk“
Appl i cation Publication No, i shed Aug, 6, 09), In
some such enﬁcdﬁﬁﬁ%rélﬁmhbmﬁwéss fﬂegﬁe¢4$§H%@mtﬁ@depbxﬁdﬂ2EH1ﬁFeYhns is
carried out in.fhe. DLESENCL:Qf dall.AGL M@td@éa@;gym\we ehar. ﬁocg@z @%Mat al yst
can be selected fromthe group consi sting o sul fonic acid,
Lewi s aci ds, isghirh.céetafriangiaurmical vase %Pﬁ**@a@ciﬁd‘fsh“ﬁé}ﬁbeﬁi@fyéltd oSt en

oxi de, and CQHQL&%B!QP% tﬁﬁ{@ﬂ@wMﬂmm§9&§’@Q@PQ&”§&¥§m1qyﬂb@&u&ﬂ@a@éep of
directly esterif zlng, forts are nade t'o renove water produced as a result
of the esterifyiy @%k@@é&@w Suehessr ﬁ@rf@@?%ﬁ»t}@@@f@ﬁi@é1bywi frpecerothie- di est er
yi el d, Showngdn; SEhen® idnkhl Sowafble 451 88GKLARLAL VxS HOH | PALIWEYsd:RAL
proceeds via direct esterification of thée epoxi de species en route to a

di est er specigro] PS0ThUN-SHrEog vehapovaEcdasc sPhed proteysEsicid He
sub-step of gp )i'7@kt¥’ld@&1ﬂ)}§o\%wmt'*S@LL’}!? Yxo;nlgﬁ' J‘iddk@ih@ig a(ﬁe'edol\ﬂclalu%ﬁm?t al .
United States Patent Application Serial 235, filed 13,
2008), Shown!¥HPScifeire ege(Flgsongys, @%ﬁl%&@n@ﬁ%&rﬂ@‘v%ﬁ fﬁ@mﬁmyﬂ ‘Wﬁér ein the
epoxi dation ofs {he.ri karnakEid et @8 ib . 1 o8 NaABE LGRl LY 1hackl hiatged or

medi ated, Wile Schene 3 depicts an eXenpl ary pathway that proceeds via

di rect esterifd CAYTEBW O tmer*f»éﬁﬁmE@éesﬁéeaOéef*(eﬁmizsfu’feétmﬂé di ester

speci es), such epOX|dat|on could alternatively proceed through a diol

speci es. [ 008¥821|i3 S@B‘nﬁwé&thV“é’b%&ﬁ@tdd@@‘c?ﬁﬁ%e‘dmpﬁ‘bd‘e%‘gé@p o fam ‘dP’é‘%tté‘r speci es

formed is sehgebed st tHe 1GNP c6RREHSLHI Y. ke SRCARLICHAEbitk, dicster-
2- decanoyl oxy- 1| -hexyl -octyl ester and its isoners, tetradecangic acid-

1- hexyl - 2-te Ar%sfh%aﬁay|d6§<§71‘8wyr%e§t efssom g Ft erhuEeis hedBifetdh ot ¢ aci d
2- dodecanoyl gxy vhseh@xyh degtWac@shgroiiand its i soners, hexanoic acid 2-
hexanoyl oxy- 1-hexyl-octyl ester and its isoners, octanoi ¢ aci d

2- ﬁCt anoy: oxw{sm hexyskleewédueaﬁeranaﬁqaﬁit tgs tHeSQITRKS coi@xanak @r n&ﬁiic&i as an

2- hexanoyl ox en ept ester and i soners angic acid

2- oct anoyl ox%}idF“‘”gEﬁ y$ H p%m é%‘er‘“%ﬂd‘ﬁ“?o??@%é“"géftc‘g%g‘b?‘ﬁ YL
decanoyl oxy- cdbip@ntit soheptrwli @sterddand chopnefiso (dReandy Gom an additive

aci d- 2- decano loxy I-pen} Ihggt ester ang its isoners, dodecanoic acid
2- dodecanoy| BX§2E n%@ﬁt‘)??éoﬁ F‘él heEEY JRAESHBPLIOL 8t § BUEYRREFE: aci d
1-pentyl-2- t@:ﬁ’fe@%ﬁi@ﬂﬁ% @X{)&txhﬁaﬂiﬂéﬁi 2phens andddisan®bpondrettagdecanaic acid
1.-butyl-2- tg@radecan % ?ﬁév eStﬁé .and isonmers, dodecanoi.c acid

1- butyl 2- dotEcANy MRy "REXY PT SEFEPT 4HG TS I & dBL ARoPE PRET S Bey

1- but y1- 2- desgnaydoxyhexhicig S L. andnt SQMBLS C/ORLBNO LB dions, 7 ed.,
1-buty|-2-oc§gﬂg¥jo _h§X¥|“§ ter and isoners, hexanoic acid

1- but y1- 2- hek&hoyPoxyy*hex{t “éster and i somers, tetradecanoic acid 1-
propyl- 2-tetradecanoyl oxy-pentyl ester and isonmers, dodecanoic acid

2- dodecanoyl oxyl - propyl - pentyl ester agd i soners, decanoic acid

2- decanoyl oxy- 1- propyl - pentyl ester i soners, octanoic acid

2- oct anoyl oxy-1| - propyl - pentyl ester and isoners, hexanoic acid

2- hexanoyl oxy-1 - propyl - pentyl ester and isoners, and m xtures thereof.

[ 00521 I n sone such above-descri bed processes, wherein, in the step of
conbining, the base oil is selected fromthe group consisting of G L base
oils, mneral base oils, diesterbased base oils, and m xtures thereof. In
sone such enbodlnents t he base f|UId is a GIE., base 0|I or a

- o o F Ao~ _,J__.,;__,_‘._ oy Y M



100551 In sonme such above-descri bed processes, the |ubricant conposition is
a hydraulic fluid having a pour point of fromabout -80C to about O0C,
100561 | rweane/@sk2h above- descri bed processes, the | ubriPCRAIS2EOMRB8Y L1 oN i S
a turbine oil having a viscosity index (VI) of fromat |least 90 to at nost
130, and having an RTWOT oxidative stability of fromat |east 250 mn to at
nost 2300 m n See ASTM Standard CGui de and Test Method D 2272-02 100571 In
some such above-descri bed processes, the lubricant conposition is a

met al wor ki ngi®ffdlitd shavisng @opodescopsiinroofsef, ripms@bogt of 20Clitp aghouts 0C. Such
met al wor ki ng_f | Ui Y:Rav i about
32 centlstok%%‘ %§¥§gﬂé9%%£01§§ 8 &ﬁnggg%%%(miﬂlkggQ&%gg§8%%cﬁ{gghe such
above- descrlbe&ugﬂbaeégebﬁbthegHﬂbhmahmbmwmn@éswﬁnuw idssiably compiee®sor  oi
having a VI Q] at. | east mogf. I 5 oi nt of
from at Ieas?ﬁ%%68%¥$%m§$%§%§?93£%u%§ §&Akggg%ggqu?¥ﬁﬂgoﬁ&ﬁﬁguﬁp

vi scosi ty i not frenpriangepofinfirntdglooatt p@@llb@tud o salyolgt (220cid Stthreadar ed at
40C. 100591 ﬁﬁuﬁ cSuch above-described processes, the |ubricant
conposition Is' ¢ a|n oi | having a Vl in the range of fromat least 50 to
at most 130, % 1HAUENG R RPL L%d%‘?k@@ws vatht}ﬁm&x@”&ﬁp&fmﬁ'iQm‘v%hui gast 0C
to at nost 1 OC 5,Vari ations Variations (f e. alternate
enbodinents)ﬂ@ﬁh%%@%%mw0ﬁm@e§éﬁ@@é@ﬂﬁﬁf%bﬁ@OQQ(haklng appl i cation-specific
| ubri cant conp05|t|ons include, but are not Iimted to, integrating such
met hods wi t hi%8HE 18 oD peh obper e Bess®H olbp L BEGES CHRRSHI™ fDi &7other
related or dif hergnt \m&@lyqﬁ&k (@r@démmﬁ Q: @ahance i hesPradugl s.hei R made by

one or nore of the above-described met hod enbodi nents.
RPVOT oxidative stability of from at least 250 min. o ai most 2300 min, See ASTM

Standard Guide and Test Method 1 2272-02

I6057] In some such above-described processes, the lubricant composition is a
metalworking fluid having a pour point of from about -20°C to about 0°C. Such
metalworking thads typically have a viscosity m the range of from about 32 centistokes

(¢St} to about 220 cSt—measured at 46°C.

{0058 In some such above-described processes, the lubricant composition is a
compressor oil having a VI of from at least 90 to at most 130, and having a pour point of
from at least -60°C to at most 0°C. Suvch compressor oil typically has a viscosity in the

range of from about 32 ¢St to about 220 cSt—measured at 40°C.

{0059] In some such above-described processes, the fubricant compesition s a chain oil
having a VI in the range of from at feast 50 to at most 130, and having an aniline point in

the range of from at least 0°C o at most 130°C,

5. Variations

{0068 Vanations (i.e., alternate embodimenisy on the above-described methods of
making apphication-specific lubricant compositions include, but are not hmited to,

mtegrating such methods with one or more other processes to produce one or more other

- 14 -



[ 00611 As an exanple of such an above-described variational enbodi nent,
Schene 4 (Fig. 6) illustrates an exenTlary nethod enbodi ment of the present
i nvent i orwowheywbss24di ester synthesis proceeds via a di r @CT/UsSga1a0us3BLat i on
of an epoxi de species, in this scheme, a fractional crystallization process
is used to separate saturated fatty acids fromunsaturated fatty acids,
whereby the saturated fatty acids are used in the direct esterification
(see MIller, United States Patent Application Publication No, 20090285728
Al , publ i sheglaNgwr dif@renP09)cis. bml/@® omentsue hheconduephal eddy by pat & onat

enbodi ment s, the unsaturated fatty acids can be hydroprocessed to yield
saturat ed fa%ty acids that are su seqhently recycl ed back into the direct
esterificatigps§ul oy QAR ofAdgu Id Q0AL i Qheadly Final dMBRl¥ent REndANSAL ur at ed
fatty acids can be react t ormtriester and di est er species that are
used i n ot hetFigdnpbsiaisonmsesompipny mdteod dopiodmsdt ¢iUibe Peemt g omposiicdans

descri bed heggin (S6& < ElL,o ..;Pat ent...
Application %gr%afﬁﬁgmg%ﬂgﬁd i g%ﬁkﬁﬁéégﬁﬁﬁgpq%%§q8§a %%uaﬁoﬁgf?set al .
Unit ed St at esh@ag erdtacigpl qlwadﬂh@ho@mwaar s Njeed 19 2¢14098; ©BBited hiteekidulom 7,

2009) , [006211115!}@;'1%844 %/’addbew‘a;gg%ﬁ ﬂ%e§§ﬁmtgc§d[afv3a Ll@ ao@aLeder(agl ﬁ?&g COU' d
be nodified such that the esterification proceeds through a diol species,
as i s depi ct egriipatGe khispriiBer( Fslyd Swyes P Adrgpalon yublispiidedyo. dFO0REg &

vari ational Qﬂﬁpﬁh@@@ﬁ§xquh%bﬁQns&nﬁ@@ﬁ?@éuﬁbﬁ%%iaﬁg&%%ﬁ%ﬂ%kh%h%%n@”zynes
to facilitate the epoxidation of the internalized ol efins.

Addi t i onal | yuoptugicddpiiaedideldp bq Ay demeceigd |t(atvi~é5ha4mreiﬁ%c§mvn%n%sdi@ h%ﬂ FT/ GTL
process can Qg dunged of ek @@M@eal& Qaaik&re%@ Quibf a@%&e@s 0&&@31!151%}@%" he
primary product stream and/or with high yields of a-olefins of specific
chai n | engt hilEarBely. idrbeEptiraGdpatatidneas Uis- provds Sesn vgpcbamdarplisiped t o

further refi Q}@m %a leu@Id A 5*3{{991051?@5&%5 olr'llﬁ kmrﬁé W %W‘@'ﬁ%ﬁﬂvsg&ng oute to
di ester fornatlon In accordance with sonme enbodi nents of the present

i nvention. Etanpicésoro0e®l cThéldwir gwil ngrisdarireRaiay enplovipe Sed oto.
deronstrate, apd s &ild. T%ce%fﬂ)]ob)’addl LUshE al &, @@{chls%saﬁm&ﬂab%hégams of the

present invention. It should b preC|ated by those of skill in the art
that the neth%ﬁ%“ﬁﬂ§696§%dﬁﬁﬁiﬂﬁe &8l es whi ch foIIOM/nerer repr esent
exenpl ary enbodi nents_ of the present invention. However, those of skill in

the art shoul®§52l W’f‘”‘f‘%}ht‘h@oﬁmt%@sﬁffbé%éﬁf“”éli“é(??@%‘dﬁlé‘“ gprscradied wat  many

changes can B WReQ: iRt SReE hlcoreedinBp! o desgiti-hadsapd. stikld obtain
a like or simlar result mnthout dep artlnq)fron1the spirit and scope of the

present i nvent i ofitopsdsveiiter ¢f these vatiational enibodiments depicted in Schemes 4 and
could utilize enzymes to facilitaie the epoxidation of the internalized olefins.

{0063] Additionally or altemnatively, in some varnational embodiments the FT/GTL
process can be tuned or otherwise tailored to produce -olefins as the primary product
stream, and/or with high yields of o-olefing of specific cham length/carbon nmumber.
Separation sub-processes can be employed {o further refine the g-olefin type that is
vitimately epoxidized en route 1o diester formation, in accordance with some

erobodiments of the present imvention.

6. Examples

{30641 The following examples are provided to demonstrate, and/or more fully illustrate,
particular embodiments of the present invention. It should be appreciated by those of

skill in the art that the methods disclosed in the examples which {ollow merely represent

- 15 -



[ 00651 This Exanple serves to illustrate how various aspects of such
above-descri bed nethods mght be tailored to yield a hydraulic fluid (oil),
i n accor dsoce1iissz4some enbodi nents of the present inveRCIans20110¢6684 | n
sonme such above-cited enbodi nents, hydraulic oils can be prepared by

bl endi ng a quantity of the bio-derived diester species (vide supra) with
base oil and the follow ng: zinc-based or ashless netal -free antiwear
additives, antioxidants, netal deactivators, and rust inhibitor additives.
Such hydraulb@n@haid@bwhnﬂheméhgmnsenedvs@nasﬂbwwkeebhﬂwfahﬂﬁ@ﬂﬁemal

contact at a [ S ant

t her eby help%%%ﬂtgHg% &ﬁl&gg&h %gﬂgxc"h%m”% &gﬁa%?%‘ ﬁ%%gkﬁé raullc oils
can be deS|QWe®P©mm:usbwmnﬁvaﬁ%mﬁkpu@ﬁ@mﬂ&ﬁawdddéarMTwméap@ﬂﬁswﬂthSe
hydraul i ¢ oi . COSl, anging fromabout 5 cSt to
about 360 CS%%&Wh t?%ﬁp ?§£8%3Q2¥ &ﬁﬁ EFE%§%|cally have viscosity

i ndices (VIs) ranging from about 95 to about 350, flash points ranging from
about 120C to about 400C, and pour points ranging fromabout -80 "Cto
about 0 'C. EXAMREE 2 100671 This Exanple serves to illustrate how various
aspects of such above-described nethods mght be tailored to yield a

turbine oil, Hﬁ@ﬂaﬂﬁﬁFQﬁ@ﬁﬁawbﬁﬂ)ﬁ@ﬂﬁﬁ@ﬂgﬁdmﬂﬁﬂhﬁkgﬁ0?&%19&@&&9&1%9¥ent|On
100681 Turbine oils can be prepared by bl ending one or nore bio-derived

di ester speciPESOPsHER" 4% HaSE rty e priydaely Snldé)‘%ﬁe RedEaccorth 4718° ashl ess
additives, m@h&hng%gkgai&M%gp@h@g%none or nore corrosion inhibitors,
ant|OX|dants foaminhibitors, denmulsifiers and wear inhibitors. These

tur g! In_e oi | sjoeas Eb&cﬁ“ﬂgdulﬂleahﬁd c‘f‘@% hﬁz%&i}&bxigﬂf@ﬁkﬂgi :owe caf thet ey 8\/
stability, r tin anger lLubricant life a e nt. down-ti ne.
r 2 aadi 1) on Ed A R e I e SE TS s v T R T B Ehe ot |
enabl es qU|cKmsemL1uﬂgb@idm@tﬁﬁm§0nmhiH&yaﬁauﬁraﬁ&ﬁ@sfmﬁﬂkkhﬁmsy&menl Such
turbine oils, as descr erein, nay t eam and gas turbines
e O st e e Dohr R B R AR M G Al SO
reci procati ng COpPIE8SORStal &gkl am@ nfuﬁahmalad rdxirdiabd om ap-okachkyidentic EXAMPLE

3 [00691 Thi anple serves to jllustr oW vari ous ects .of such
Sbove.descri DEM RERSAS PiEgh - Bl Sr ok Cr 6Ty rbR oo e ATWOIRIG | i d, i n
accordance Wwpd fesgasefoe o aeat §m@ﬁ ta»lsueo@r e@e@tampmvem;t oirai0Q70 Jvinl

Met al wor king, flu Lgs can. be, pre ar bIe d|n %)o ggrlved diester
speci es (i .eYPEYReT * HBre o ¥ ho 8“§ QP& tﬁ@ TSRS HAYS) with or
wi t hout basemﬁﬂhm(bﬂaﬁxﬁmgakhnﬁﬂduﬁsﬂhﬁﬁ$\deﬁghgasﬂvﬁ&ﬂ@anﬁhmgfaﬁﬂltlves

Typical l'y, tives waul r e.anti oxi dants

Zbtfvat or s b re Telis ROt SebRoaarrioRs My et Rithi bi ¢ or .
I n accordancﬂxmrﬁh(S@mbmﬁmbodlnents of the present invention, the

met al wor ki ng fluids can be engi neered to have high thermal and oxidation
stability providing long lubricant life, fewer oil changes, less build up
on the parts being machi ned or noving equi pnent parts, added lubricity

i nherent wi t AXésthéis!, i ncreased sol vency and increased up-tine.
Additionally, their lowvolatility results in reduced oil make-up and | ess
oi | vapor or 8Bt Threbygpby watceds Whbtae boi ngioneripecThi suchebpe-deecripad ntai n a
heal t hi er m%@h@(@%h %Q*rlmliﬁcrldno %@(ﬂi nﬁb}ﬁ &P% a&@}%m‘a L \X! 1&5@%%%1%&%1;31%‘5 ent to
whi ch oil |and I ni shed parts and equi pnent. |naIIy their reduced

t endency tomﬁﬁ@%pg$uﬁgﬁmaﬁu deposit formation results in less filters

pl uggi ng, | ess mai nt enance and i ncreased up-tine.
{3368 Turbine oils can be prepared by blending one or more bio-derived digster specics

{such as described in Section 3) with base oil and ashless additives, which typically
mehude one or more corrosion inhubitors, antioxidants, foam inhibitors, demulsifiers and
wedr inthibilors. These turbine oils can be engineered to have high oxidative and thermal
stability, resulting i longer lubricant life and less equipment down-time. In addition, to

avoid water contamination, rapid separation from the oil enables quick setiling of water

- 16 -



EXAMPLE 4 [0071i This Exanple serves to illustrate how various aspects of
such above-described nethods m ght be tailored to yield a conpressor oil,

i n accor dsnce1itssz4some enbodi ments of the present inveRCITAS201108B384 Air
conpressor oils can be prepared by bl ending the bio-derived &ester species
(i.e., one or nore of those species described in Section 3) with base oil
(base stock) and ashl ess and/or ash-containing additives. Typically,
additives would include one or nore an 'netal deactivators, wear

i nhibitors, swustnay ﬁhidlaiimf@r*icarddietsb)vgs anch fugam ¢ikhisbdctoibsd hminamepbdance

W th some e”ﬁ’s%ﬁ n?‘%ﬂ%]z% Of gﬁ]b?r H&S% 'alas.@ SOy hg& CoMRLEss QL dn QLl;$ can be
engi neered t ave OXi at| on st P ty providing Iong

| ubricant | i feairiffigiest mlahd Uhiawgﬁs camdf’mm@ﬁls@e respaitdi cvplatighdd pie gt @nal ly,
their low volatility results in reduced oil nmake-up and | ess oil downstream
of the conpressor. Finally, their reduced tendency towards sludge and
deposit formation results in less filter plugging, |ess conpressor

mai nt enance BndMPhéreased up-time. It is contenplated that such conpressor
oils can be used in reciprocatin rotary and/ or vane conpressors. EXAMPLE
5 [0073] Thi OB Bragwio s cs & PR PUT 8RB RARTER 06 5eh ﬁ‘éc‘%%“t?? such
above- descri hedosehhads. mights beyitiaid ekatdydiony ieldd 1d a8Rak ROkl sbie
accordance with sone enbodi nents of the present i nvention. [0074i The chain
0i |'s can be PrEYEFEH Q’;S)}“B’F‘éi’fﬂﬁ‘ﬁ@” ‘tHe above- descrl bed diester species with
base oil (ba stoc zin ased or ash]e taI free i -wear,

addi tives, tHOK) Mé& oriie i a8 rg"%%% ﬁvam@w%f% I PRI t or s
aﬂd rust dl Bhﬁb] bRy crasldt bi ¥es. \gycﬁht@mﬁﬁ,-hﬁédﬂi'\@bi*ﬁ)1Gaﬁitbﬁr de&;hgaﬁd oﬁQiﬂbe“ cate
chai n and bar somate with cl nsaw t her. chain i ni ng
caut pront . ouie 6t RSB e e TRy o Bt e SO RS s

di ssolving r Q&ldﬂ ploft: iﬂ@bﬁaiiﬂ‘ﬁynﬁﬁpiﬁdaﬁa’ﬁmﬁnﬁgarh@ﬁlﬁior{ ﬁhﬁhl&km@ﬂ(ﬁlti@cﬁt&niﬂ s kept
to a mni mJ to he end chain life. T@e@ chai nIRI XV\} cal ly
have a visco FW“’?“ E; PRI ‘@%“‘ Y FETL & e d r%&‘*ca*t”hﬁ?i“ Wil have
viscosity i nﬁl}L‘QEﬁ)r}l’lﬁg'lghlﬂgLfnt’Mr@Qm&*ai 2bkyve Tl gastherpal MdSoxidungh Erghfnrvgm 120C to

400C, and pour rangi ng. 0C. to 0075 In summary, the
present i nve?ffm éﬁ’é‘f‘é{]lt % e?‘Vércif’ﬁd“%’ti &fﬁe%fgng%% ‘1[11’ ﬁﬁl&‘%é’ms beifz
appl i cati on- sﬁe@mﬁhﬁ iﬁd\mgﬁﬁ@nicubﬁdrﬁﬁﬁﬂdvéﬁmﬁ‘& trihoRst ehipsibs] ngebbo- derived

di ester speC| s. In sone odi nent s, o-derijved f cid noi es are
reacted w i RN T A I AR R R S e e
(i,e,, a-ol efbinsyp MtsednﬁVﬁlo@-od&flit\k%dwddlﬁﬁﬁeﬁr]u&p&ﬁm,e&roﬂdﬁaﬁhl@&tﬁ]lpﬁ hen be

| t | bl d h b st d.o t
Lo el U DS R BT E RO ST PRS b et AR P! o

bi omass- deri wedh etinMpadiRest finished parts and equipment.  Finally, their reduced tendency
towards sludge and deposit formation resulis in less filters plugging, less maintenance

and increased up-time,

EXAMPLE 4

[3671] This Example serves to illusirate how various aspects of such above-deseribed
methods might be tailored to yield a compressor oil, i accordance with some
crabodiments of the present invention.

{0872] Arr compressor oils can be prepared by blending the bio-derived diester species
(i.e., one or more of those species deseribed in Section 3) with base oil (base stock) and
ashless and/or ash-containing additives. Typically, additives would inciude one or more

antioxidants, metal deactivators, wear inhibitors, rust inhibitor adduives and foam

..ll_
./



100761 Al patents and publications referenced herein are hereby

i ncorporated by reference to the extent not inconsistent herewith. It wll
be under swoadithat24certai n of the above-descri bed strucPOTAS2010S89 ons,
and operations of the above-descri bed enbodi nents are not necessary to
practice the present invention and are included in the description sinply
for conpl eteness of an exenpl ary enbodi nent or enbodinents. In addition, it
wi |l be understood that specific structures, functions, and operations set
forth in thenabowe- désemmbhdmwe@hr%mmedﬂmﬁﬁeanOQmm:pubmhda&h@mstban be

practiced | ”co%%@és%lc& O&m"‘ﬂs neﬁi‘&ﬁ; %g@r nﬁoﬂvﬁqﬁ&&?’}udbo‘*ﬁda&ge%‘ﬁﬁfn@-ﬂ-ﬂm

essential to 1ts et e under st 00
i nvention nay0bémgﬂa@ﬂﬁ @dﬂbﬁ%eﬁmﬁ@@iﬂhaﬂ%asn%@ecr$¢©ahhy desicrmpded wi t hout

ot ined by g ApEcr e e ERh LR S 1 B Rl B8 ki ng
| ubri cant con@ms¢$qonEmﬁsaanpﬁ@meégecbmprmgﬁﬁgfﬂ#%cgn®pgx@ﬂAmﬂmum .
preparing a guanti Eg¥s ﬁﬁu gﬁgé&g'15&‘1919%%50&%31&6@? %ﬁh sakd quﬁm pRf eparing

conprises the sub-s Ins nade

gas-to-1liqui dsmprrrmisfwtﬂm11;&@61?@%%9&%@& almil iefrdchsgeating, yotdrs on®ei ‘«zmcng at
| east a nHjOQh#X Q;&the |solated a-olefins to yield a quantity of
internalized o ?lns

EXAMPLE 3

{0873] This Exarople serves to illustrate how various aspecis of such above-described
methods might be tatloved to vield a chain oil, in accordance with some embodiments of

the present invention.

[{3674] The chain oils can be prepared by blending the above-described diester species
with base oil (base stock), zinc-based or ashless metal-free anti-wear additives, tackafiers,
antioxidants, metal deactivators, foam inhibitors and rust inhibitor additives. Such chain
oils can be designed to lubricate chain and bar parts associated with chainsaw and other
chain-confaining equipment. Such oils are contemplated to have excellent solvency for
dissolving rosin in forestry apphcations. Metal-io-metal contact is kept to a minimum to
help extend chain life. These chain oils will typically bave a viscosity ranging from 5§
¢St 1o 360 cSt—measured at 40°C, will have viscosity ndices ranging from 50 to 250,

flash points ranging from 120°C 1o 400°C, and pour points ranging 0°C to -80°C.

7. Summary

[B675] In summary, the present invention is generally directed to methods of making
apphication-specific finished hubricant compositions comprising bio-derived diester
species.  In some cmbodiments, bio-derived faity acid moieties are reacted with Fischer-
Tropsch/gas-to-higuids reaction products/by-products (i.c., a-clefins) to yield bio-devived
diester species that can then be selectively blended with base stock (oil) and one or more
additive species to yield an application-specific finished lobricant product having a

biomass-derived component.
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iii1) epoxidizing at least a majority of the internalized olefins to forma
quantity of epoxidized olefins conprising an epoxide ring; and b)obtaining
a quanti twoab12easseni fi cati on agents, the esterificati onPafaseei1l0¢i38Yy
derived fromtriglyceride-borne fatty acid noieties, whereby said
derivation yields esteritication agents selected fromthe group consisting
of carboxylic acids, acyl halides, aey | anhydrides, and conbi nations
thereof wherein the step of obtaining conprises the sub-steps of:
)select|ng€@7ﬁuﬁhassmsamﬁcEﬁ@gmpnﬂsqmgmtﬁlghmt@ﬁ1de§p smbdotaddgbyceri des
COFYpI’I sing f Ji%*,‘aglt e @éi}?k(‘)t%ﬁ;(}%ﬁ&&ggr Q\Q}'{ﬂ ait ‘gﬂ ﬁn%ﬁgkmod mat gm{‘dnpg t%tl ng a
majority of t aci d nol et romthe triglycerid es of
whi ch t hey aﬂ@ved@@mwdn@ﬁtﬁwax asuregonyi ednd e&merwﬁlaétﬂ@n @gmwd%nﬁkd
esterifying %bod%%ts & Hﬁan& dey %f }ngﬁ ﬁgg%:'»cqla %l%g’l qu Eixfxd a def%d% n ﬂacat i On
agents so as to yie 'd a quantit ot I specl e
guantity of dﬁe&ﬁ@n swéwkssmmpkhnaaquamthwﬂxﬂvmhsbﬁﬂﬁhran&dmvmhI*

addition, it will be undersicod that specific structurcs, functions, and operations set forth
mn the above-described rteferenced patenis and publications can be practiced in
conjunction with the present mvention, but they are not essential to ifs practice. It is
thercfore to be understood that the invention may be practiced otherwise than as
spectfically described without actually departing from the spirit and scope of the present

mvention as defined by the appended claims.
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an additive conponent conprising at |east one additive selected fromthe
group consisting of antioxidants, detergents, anti-wear agents, netal

deact i vatwop1200882¢si on i nhi bitors, rust inhibitors, friPCTiUSR0IMOEE3RY er s,
anti-foam ng agents, viscosity index inprovers, demul sifying agents,

enul sifying agents, tackifiers, conplexing agents, extrene pressure

addi tives, pour point depressants, and conbi nations thereof; wherein
selection of the at | east one additive is directed |largely by the end-use
of the | ubri 8amT Soripus$iil? tn bei ng made, wherein said |ubricant conposition
can be of a type selected fromthe group consisting of turbine oils,

met al wor ki ngt-f | uiddsioctry deraodking Hprispdsomgoniprassorpreicksscomphsiph thoiskess farm
equi pnent engine oils, tractor hydraulic fluids, marine oils, paper machine
oils, spindle and textile oils, trailer wheel bearing greases, and

_Conbi nat i ons thergof : pregaringrfle\lu&{tﬁp§§§%pﬁtﬁzg @Eiﬁﬂs?—whé@@ﬁ kg E\;egt Biepx%t%;?t ep of
isolating the a-olefins conprises their separation froma |argely

paraffinic GTE, proaust e sP-siqielpr ocess of Caim 1, wherein the sub-step
of isonerizing involves use of an olefin isomerization catalyst. 4. The
process of Claim1, wherei'#4H8 ofpliest BplcofoB goRisdrings process to yicld
enzymatical ly-facilitatgdd SicHie process of Caim1, wherein the sub-step
of liberating triglyceride-borne fatty acid noieties conprises hydrol yzing
the triglycerides to yiel ds@anbpxyl ic6st aGhAsiQsH estienidd catfignoaganis. 6.

The process of Claim5, further conprising.,a sub-step of substantially
separating the carbox?WWéWééFﬁ%ﬂ%ﬁgﬁﬂgiﬁdgps of their degree of
unsaturation so that the esterification agents used in the subsequent step
of esterifying are subltarnbralryERORSGARARGS S AT RS S ORI 1 I0dGt ee of
unsaturation. 7. Thegpmogesspaaidi€talctinsdsonphengeinepbkide ste@pndf esterifying
t he epoxi di zed ol efi ns proceeds through a di hydroxi de internediate,

b) obtaining a quantity of esterification agents, the csterification agents

being derived from triglyceride-borne  fatty acid wmoieties, whereby said
derivation yields estertfication agents sclected from the group consisting of
carboxyhc acids, acyl halides, acyl anhydrides, and combinations thereof]

wherein the step of oblaining comprises the sub-steps of!

1) selecting a biomass source comprising iriglycerides, said

miglycerides comprising fatty acid moieties of appropriate length;

i) liberating a majority of the fatty acid moictics from the
triglyceride molecudes of which they are 2 component so as to yield

esterification agents;

¢ esterifying at least a majority of the epoxidized olefins with the

esterification agents so as to yield a quantity of diester species; and

d} combining the guantity of diester species with a guantity of basc oil and
an additive component comprising at least one additive selected from the group
consisting of antioxidants, delergents, anti-wear agents, metal deactivators,
corrosion Inhibitors, rust inhibitors, friction modifiers, anti-foaming agents,
viscosity index improvers, demulsifying agents, emulsifying agents, tackifiers,
complexing agents, exireme pressure additives, pour point depressants, and

combinations thereot
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WO 2012/ 015824PCT/ US2011/ 045389 8. The process of Caim?7, wherein the

di hydroxide internediate is reacted with the esterincation agent in the
presence Wb 2ar/as82d catal yst, 9. The process of C ai m PCTiser1gionssBhe step
of esterifying the epoxidized olefins is carried directly via reaction

bet ween the epoxidized olefin and the esterification agent. 10. The
process of Caim9, wherein the step of esterifying the epoxidized ol efins
is carried out in the presence of an acid catalyst. 11. The process of

d ai m 10, whehetin stlheicaci dhecatiabyst ddditiselsabicedd fapin bhéegroup of the

hubricant compoesition being made, wherein said lubricant composition can be of a type
selected from the group consisting of tuthine oils, metalworking fluids, hydraulic fluids,
compressor oils, chain oils, farm equipment engine oils, tractor hydraohe {luids, marne
oils, paper machine oils, spindle and textile oils, trailer wheel bearing greases, and

combinations thereot.

s ]

2. The process of Claimm 1, wherein the sub-step of isolating the o-olefing coroprises

their separation from a largely para{finic GTL product.

3. The process of Claim 1, wherein the sub-step of isomerizing involves use of an

olefin isomerization catalyst.

4, The process of Claim 1, wherein the sub-step of epoxidizing is enzymatically-
facilitated.
5. The process of Claim 1, wherein the sub-step of hberating triglyceride-bome

fatty acid moicties comprises hydrolyzing the triglycenides to vield carboxylic acids as

esterification agents.

6. The process of Claim 5§, further comprising a sub-step of substantially separating
the carboxyhic acids on the basis of their degree of unsaturation so that the esterification
agents used in the subsequent step of esterifying are substantially homogeneous in terms

of their degree of unsaturation.

~

7. The process of Claim 1, wherein the step of esterifying the epoxidized olefins

proceeds through a dihvdroxide intermediate.



consisting of H11)04, H2SO, sulfonic acid, Lews acids, silica and

al urni na-based solid acids, anberlyst, tungsben oxide, and combinations

t her eof , WO2012fhes2pr ocess of dlaim i, wherein, in the sPep/uskoicomsBni ng,

t he base oil is selected fromthe group consisting of GIL base oils,

m neral base oils, diester-based base oils, and m xtures thereof 13. The
process of CQaim1l, wherein the diester species fornmed is selected fromthe
group consi sting of decanoic acid 2-decanoyl oxy-1-hexyl -octyl ester and its
i sonmers, tet#adec@noiceack linAexite dralydodetiantyivokyc gatydedestiehs and its
| somer s, dodecangl . aghtndadecanoyl exyetafiexyl -octyl ester and its

i soners, hexanoi ¢ aci d exanoy oxy hexy octyl ester and its isoners,
octanoi ¢ acid 2-octanoyl oxy-1-hexyl-octyl ester and its isoners, hexanoi ¢
acid 2-hexanoyl oxy-1-pentyl-heptyl ester and isoners, octanoic acid

2- oct anoyl oxy- | - p@@wAms!a%pt;ﬂime;SIeV@rmamde 4@%}‘%&&%@@@%%9&1 Sefins is
2- decanoyl oxy- %&gentyl heptyl ester and isoners, decanoic

aci d- 2- cecandyioxysHbpEnERHion Py lester dapdorisiidmrers idgdessnoi c

aci d- 2- dodecanoyl oxy- 1- pentyl - heptyl ester and isoners, tetradecanoic acid
1- penty-2-tetradecanoyl oxy-heptyl ester and isoners, tetradecanoic acid
1-buty|-2-teérad ano |0Xﬁ er% ter and isoners, dodecano (g aci d-
1-butyl-2- d bocarh wr ST e8P EF D i PsB rEF LY P deam oS e aRF s 1

1- but y1- 2- degcan@yuoxyhdieXyhc-@S hiescidndijssomer s, octanoi ¢ aci d

1- hutyl . -2-octanoyl oxv- hexvi ester and isoners, hexanoi c acid

1- butyl- 2- hexanoyl oxy- hexyl ester and isoners, tetradecanoic acid 1-
propyl- 2-tetradecanoyl oxy-pentyl ester and isomers, dodecanoic acid

2- dodecanoylbkylfﬁmqmwkwpéﬁﬁWhlésmémumnﬁ~h$dnem3$tﬂed&n@iﬁmach@gmmp

2- decanoyl Oxé/msxln &R}’ EE{]E)?L, su?cgn%,r aa?‘{]q E\M\ a w; s’ﬁfgl:g%%(?gl?n‘im%a%% sohid

2- octanoyloxy-l- and 1'soner s
2- hexanoyloxys&&MMﬁﬁgﬁyhﬂpenbyhmesd@mﬁamdmhsmﬂﬁns, and m xtures thereof

12, The process of Claim 1, wherein, in the step of combining, the basc oil 1s selected
from the group consisting of GTL base oils, mineral base oils, diester-based base oils,

and mixtures thereof.

13, The process of Claim 1, wherein the diester species formed is selecied from the
group consisting of decanocic acid 2-decanoyloxy-1-hexyl-octyl ester and its isomers,
tetradecanoic acid-1-hexyl-Z-tetradecanoyloxy-octyl esters and iis isomers, dodecanoic
acid 2-dedecanoyloxy-1-hexyl-octyl ester and s 1s8o1mers, hexanoic acid 2-hexanoyioxy-
I-hexy-octyl ester and its isomers, octanoic acid 2-octanoyloxy-1-hexyl-octyl ester and
ils isomers, hexanoic acid 2-hexanoyloxy-1-pentyl-heptyl ester and isomers, octanoic
acid Z-octanoyloxy-1-pentyl-heptyl ester and isomers, decanoic acid 2-decanoyloxy-1

pentyl-heptyl ester and isomers, decanocie acid-2-cecanoyloxy--pentyl-hepivl ester and
its isomers, dodecanocic acid-2-dodecanoyloxy-l-pentyl-heptyl ester and isomers,
tetradecanoic acid 1-penty-2-tetradecanoyloxy-heptyl ester and isomers, tetradecanoic
acid 1-butyl-Z-tctradecanoyloxy-hexy ester and isomers, dodecanocic acid-i-butyl-2-
dodecanoyloxy-hexyl ester and isomers, decanoic acid 1-butyl-2-decanoyloxy-hexyl

gster and isomers, octanoic acid 1-butyl-2-octanoyloxy-hexyl ester and isomers,
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14. The process of Claim12, wherein the base oil is a GIL base oil, and
wherein the quantity of diester conponent serves to facilitate dispersion
of the aduDt2012016824ponent in the base oil. 15. The pro®e€3aISeI11CHBBM 1,
wherein the sub-step of selecting a bionmass source conprising triglycerides
is based on identification and sufficient content of triglyceride nolecules
bearing fatty acid noieties of length nore desirably suitable for use as a
particul ar | ubricant conposition 16. The process of Claim1, wherein the

| ubri cant conpesiit kod litstd-2HyerauviokehdlyUpder hadi isigreas, potrdpoiont aof 1f rom
about -80C to qo’utt*trﬁbmanos g - g@l Pgé?csg\%?so%; sc%oaia&)}nam am%rfogbcaﬁ%}%wum I cant

conposi tion %O ne -oi om at |'east
130, and havngmaﬂxﬁﬁmﬁﬂboaﬁdaHWWE(k@abmhmﬁw?dﬂumnbnvdHﬂMEQSVRQBGWnlnutes

to at nost 2%}%@5(}%0&“%&?@1@1@ J.chi |- th o%mgcrjﬁ&ssls%lgg g‘ rﬁ 70 ‘Ilr ax%sof)'r? ; nhépﬂ %Jz ubri cant

conposition I's Ki'ng flul pol nt fom about -20C
t o about OC. ¢ﬂ19hw$heﬁpboae&@1@ﬁﬁ£m®mnm@1wmhareﬁmmzme%ﬂubmicant conposi tion
is a conpressor oil having a VI of fromat least 90 to at nobst 130, and
havi ng a pour point of fromat least - 60C to at nost 0OC. WO

2012/ 015824PCT/ US2011/ 045389 20. The process of Qaim1l, wherein the

| ubri cant coiposi ik §rPers caCHRI f WGICTCihEY Pig o is a GTL base'oil, and wherein the

guantity of dicster component serves to facilitate dispersion of the additive component

the base o1l

15, The process of Claim 1, wherein the sub-step of selecting a biomass source
comprising trighveerides is based on identification and sufficient content of triglyceride
moleccules bearing fatty acid moieties of length more desivably suitable for use as a

particular hubricant composition.

16, The process of Claim 1, wherein the lubricant composition is a hydraulic fluid

having a pour point of from about -80°C to about 0°C.

17. The process of Claim 1, wherein the lubricant composition is a turbine oil baving
a VI of from at least 90 to at most 130, and having an RPVOT oxidative stability of from

at least 250 minutes to at most 2300 minutes.

18. The process of Claim |, wherein the lubricant composition is a metalworking

fluid having a pour point of from about -20°C to about 0°C.

19, The process of Claim 1, wherein the hubricant composition is a compressor oil
having a V1 of from at least 90 to at most 130, and having a pour point of from at least -

50°C to at most (°C
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VI in the range of fromat |least 50 to at nost 130 and having an aniline
point in the range of fromat least 0OCto at nost 130C,

WO 2012/015824 PCT/US2011/045389
20. The process of Claim |, wherein the lubricant composition 18 a chain o1l having a

VI in the range of from at least 50 to at most 130, and having an aniline point o the

range of from at least 0°C to at most 130°C,
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