CONVERSION OF VEGETABLE OILS TO BASE OILS AND TRANSPORTATION FUELS FIELD OF
THE INVENTION 100011 This invention relates generally to fuels and lubricants derived from

- biomass, arRgspaeiically to methods and systems for efficiently making basgilsangd fsgnsportation
fuels from vegetable or crop oils. BACKGROUND 10002] Biofuels are of increasing interest for a

number of reasons including: (1) they are a renewable resource, (2) their production is less dependent
on geopolitical considerations, (3) they provide the possibility of a direct replacement of

Cubstantally redathS b L0 S B ke 6y ke HhSod Cofbal Ry b case of celluiosi
feedstocks. See Pearce, "Fuels %@N@Pé@@ﬂﬁ’l@@?ﬁﬁn@% pp. 36-41, 2006. [00031 An

easily-obtainable biofuel is vegetable oil, which largely comprises triglycerides and some free fatty
acids. The properties of vegetable oil, however, make it generally inappropriate for use as a direct
replacement for petroleum diesel in vehicle engines, as the vegetable oils' viscosities are generally too

high and domet humrciganipenovgipthereby leaving damaging carbon deposits on the engine.
Additionally, vegetable oils tend to gel at lower temperatures, thereby hindering their use in colder

climates. Thase roblems antomitigaiedanbeanithe Yegetakl¢ubiisane biendedrwitrbpeiraieum fuels, but

still remain an impediment for long-teym usg in diesel engines. See Pearce, 2006; . Huber et al.,
"Synthesis oafnﬁlraﬁgggéaé' r? ué sh’r%{sfn Ffrﬁggg%hfgfn% rﬁﬁlifﬁa%l)%%}n%é) séﬁg?ﬁgeﬁ%(é," Chem.
Rev., vol. 106nepoddd4-4G38{2006:40004 |of ransesdterification is currently a method used to convert

vegetable oils into diesel-compatible fuels (i.e., conventional biodiesel) that can be burned in

BACKGROUND

[0002] Biofuels are of increasing terest for a number of reasons including: (1) they
are a renewable resource, (2) their production is less dependent on geopolitical
considerations, (3) they provide the possibility of a direct replacement of petroleum-
based fuels in existing vehicles, and (4) the net greenhouse gas emissions can be
substantially reduced by virtue of CQ, uptake by biofuel precursors—particularly in
the case of cellulosic feedstocks. See Pearce, “Fuels Gold,” New Scientist, 23

September, pp. 36-41, 2006.

[0003] An easily-obtainable biofuel is vegetable oil, which largely comprises
triglycerides and some free fatty acids. The properties of vegetable oil, however,
make it generally inappropriate for use as a direct replacement for petroleum diesel in
vehicle engines, as the vegetable oils’ viscosities are generally too high and do not
burn cleanly cnough, thereby leaving damaging carbon deposits on the engine.
Additionally, vegetable oils tend to gel at lower temperatures, thereby hindering their
usc in coider climates. These problems are mitigated when the vegetable oils arce
blended with petroleum fuels, but still remain an impediment for long-term use
diesel engines. Sec Pearce, 2006; Huber et al., “Synthesis of Transportation Fuels
from Biomass: Chemistry, Catalysts, and Engineering,” Chem, Rev., vol. 106, pp.
4044-4098, 2006.

[0004] Transesterification 1s currently a method used to convert vegetable oils into
diesel-compatible fuels (i.e., conventional biodiesel) that can be bumed in

conventional diesel engines. See, ¢.g., Meher ¢t al., “Technical Aspects of Biodiesel
1



conventional diesel engines. See, e.g., Mehcr et al., "Technical Aspects of Biodicsel Production by
Transesterification-A Review," Renew. & Sustain. Energy Rev., vol. 10, pp. 248-268, 2006. However, a
similar cold flow problem with conventional biodiesel fuels still remains. This problem is at least partly
due to the fact that at lower temperatures, e.g., around freezin%f(ca. 0C), biodiesel often thickens and

does not fiéwpdscticadhly. TersreisidieatiBlodiésKEEeimBARF BofpoitibrimeteyI R&terhhich have
long straight,chain aliphaiic aiaypscasiached 10sataibesy grounxBlsemtheitiapsesistisication of

vegetable oils exhibits a problem of producing more than 90% diesel range fuels with little or no

kerosene drigdissth&ehngalirations; tHeiemaNGHnStRE gAse LBt RISIO R EThEAPOm. For the
conversion;gf veaetahle and qther.oiis o sommiuels (B0), BRIadieseReH inilikely tat doesoils must first

be converted to alkanes (paraffins). [0005] It is also worth noting that unsa%yatimn the fatty acids
(obtained frorh e visgeasibie ofossertisnit Piedest sxTEnaR StsBmRPsF UePsing, ®dthat while

hydrogenatian will aenerallimprevs de.axidatiop:stakilivaehsheduekiteaninakepthe aseady poor low

temperature performance of the fuel even worse. Isomerization of thg paraffins can ameliorate this

problem. [0begTapssstrdfitgjomethsdsta S ierERYP SrRIMP brb SEeHF e RS0 e nd/or crop

oils into a hygader.tanae of fueltynasiand kiticaetssaften simulianeats)i-waold hadighly beneficial.
BRIEF DESCRIPTION OF THE DISCLOSURE [0007] In some embodi_ments\,}the%r#esen disclosure is

directed to Haeiteelghg. rpesroEduskisyraducsystRerimIr prb e PG EHE lislen

biologicallyderived oils. sa-as R Rredycenase als) andiyanapgriatiomelss wherefirsush processing
can initially proceed via hydrotreating (Type 1) or direct isomerization (Type 2). In all such cases, the
processing efeertedtifcalkencp ApaErTgbmerization of fatty acid components of the biologically-derived

oils. In some such embodiments, such oligomerization s,ervesbigo incre&s gl)[e. caébi?n nlﬂlmber of at
least some GO Pratialse SHE ROERSAGH BRIAIETIARAR BR0iRLY Bk %lf?% GbHcant Compositions. The

multiple progluch-siteams abfardafebsqine: sueli gysiermsinsthods depgsitiesal fiek Hyitilgh-value
lubricants) serve to enhance the economics of these s s_tems/rgulatho over tpa% of the respective’
iPgifpdon stability o the Tuel, 1t can make

systems/m&BasmaiPr VAU & F5F MY EBFoYE

the already poor low temperature performance of the fuel even worse. Isomerization

of the paraffins can ameliorate this problem.

[0006] Accordingly, methods and systems for efficiently processing vegetable and/or
crop oils into a broader range of fuel types and lubricants, often simultaneously,

would be highly beneficial.

BRIEF DESCRIPTION OF THE DISCLOSURE

[0007] Tn some embodiments, the present disclosure is directed to methods (i.e.,

processes) and systems for processing triglyceride-containing, biologically-derived
oils, 50 as to produce base oils and transportation fuels, wherein such processing can
initially proceed via hydrotreating (Type 1) or direct isomerization (Type 2). In all
such cases, the processing effects at least a partial oligomerization of fatty acid
components of the biologically-derived oils. In some such embodiments, such
oligomerization serves to increase the carbon number of at least some of the product,
30 as to afford a broader range of base oils and lubricant compositions. The multiple
prodict streams afforded by some such systems/methods (e.g., diesel fuel + high-
value lubricants) serve to enhance the economics of these systems/methods over that

of the respective systems/methods that provide for single product streams.
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[0008] In some embodiments, the present disclosure is directed to one or more methods of a first type
(Type 1 Methods) for producing base oil and diesel or other transportation fuel, the methods
comprising the steps of: (a) processing a triglyceridecontaining vegetable oil to effect oligomerization
(e.q., dimerization) and deoxygenation (e.g., elimination of carboxyl, carbonyl, and/or hydroxyl

moieties) oA dursnag by AERMSo RS EaIERsU YRR e S a 8T8 Brovide for an oligomerized
mixture, whegain&aid RrocessiRo ToprpTisasthyey praaitod sk shisasiiant wiaies removal; (b)

isomerizing the oligomerized mixture over an isgmerization %i:tzlgst to yield an isqmerized mixture,
if |

wherein th& /8RS8 AskURS SIS SSBITRREN B SloNe hT NG K HIBSE HIBHESMponent, and

wherein the isemgrized spbeiisle comprisesédeastikomi Yt akanesy (padaffiaptianingaacarbon
number of 30 or greater; and (c) distilling the isomerized miﬁ@? yciﬁlagiépro uce .atba e{)il and a
diesel fuel. dROBTSIMLLB FelerfBBAMMMML Y RS EEHEHRSD IS iPECEd 1" 0hE 6 More systems

of a first typg {Fupec-h Sustemsidorarpddeing kasapit@ntheiasekiualpracessiige for an
triglyceride-containing, biologically-derived (e._%., vegetable- or cro -basgéj’éoi%, SLchh systgms
comprisingtHERRERRAg BIEMERts AT S ProtelsiREPSET S & teTHTET 578 c RSN 5 iy cElide-containing
vegetable QiisQ.a%i0 efffet olgamarizabpnankaemy gapatnipwhcnaaiumtaddatyvacidicomponents
contained therein, thereby providing for an oligomerized mixtuiﬁe whﬁﬁein said.%ggcgis g comprises

hydrotreatinty B ESeeiaAt A eI AT S BV AR TSR 24 SRS ORSHy ¥

in
nzing%tlf‘wre oligomerized
mixture ovel piserizationpatalysiieyieldanisheelrizee nbdipenanherain Wieisomexized mixture
compr!ses a base oil component and a diesel fuel corrrygorgér)t, and WFfrg%the isome}gti)zoeq r_nixt_ure _
comprises &TB&EEH W?&%I%ﬁ@@%’é\%&%&ﬁb&ﬁ arAtsareT 58 gt ahd (& & distillation unit
for distillingfhgispretized prixidre 5@ 26) 101 ytidlha haseovileainddantieset fvelidlaqiodole some

embodiments, the present disclosure is directed to one or more methods of a second type (Type 2
Methods) f&aﬁ%’éillﬂﬁgj‘l%%s@l(fﬂ%nd diesel fuel, such methods comprising the steps of (a) processing

a triglyceride-containing vegetable oil to effect aligomerization.o nsatur d fatty acid components
contained th&1&th irbs g?ﬁ’g?&%ﬁieen%fgﬁ%ffgegﬁé%goes r%f:xtgregf{? Eig%me?fgzgmg the oligomerized
mixture oveyyarisomrizétisntgptaliismo Viddstamisohverizodusixeubeswiverainditiqednigtized mixture
comprises a base oil component and adieselof.%? G ORENfadC)e rippi gt(;la%jsgm%pg?_d mixture of
water to yie?éoé’ﬁrsf‘/ni%omépfg anli)c( lﬁl%l,n\}v%érefn the ry9 isomer(%zg Sén"’lixtléj‘%e comprises at least 10 wit.
A) alkanes hasddy aibaswoh rayrtbies of@Opoisineates; follsepegativntesdriplsmBIPESEMikture into a
lower boiling fraction from which diesel fuel is %l&_g&ﬂggﬁy deryed,and;a bigher hoilipg.fraction; and
(e) subsequgé1 ﬁys%ﬁir’%htgir)lis ??1%??5}%6 At Ieﬁs}[ae portion o%t eghig%ler. boiling fraction to yield a base oil.
[0011] In sostigenbadiments; theopresertiaisefosureiistire &bl ryidneosinefsys contained

therein, thereby providing for an oligomerized mixture, wherein said processing

comprises hydrotreating and subsequent water removal; (b) an isomerization unit for

isomerizing the oligomerized mixture over an isomerization catalyst to yield an

isomerized mixture, wherein the isomerized mixture comprises a base oil component

and a diesel fuel component, and wherein the isomerized mixture comprises at least

10 wt. % alkanes having a carbon number of 30 or greater; and (c) a distillation unit

for distilling the isomerized mixture so as to yield a base oil and a diesel fuel.

[0010] In some embodiments, the present disclosure is directed to one or more

methods of a second type (Type 2 Methods) for producing base oil and diesel fuel,
such methods comprising the steps of (a) processing a triglyceride-containing
vegetable oil to effect oligomerization of unsaturated fatty acid components contained
therein so as to provide for an oligomerized mixture; (b} isomerizing the oligomerized
mixture over an isomerization catalyst to yield an isomerized mixture, wherein the

isomerized mixture comprises a base oil component and a diesel fuel component; (c)
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systems of a second type (Type 2 Systems) for processing triglyceride-containing, biologically-derived
oil, such systems comprising the following elements: (a) a processing subsystem for processing a
triglyceride-containing vegetable oil so as to effect oligomerization of unsaturated fatty acid
components contained therein, and thereby provide for an oligomerized mixture; (b) a first
isornerizatignpmitddhéseomerizing thiatoligohesizetp gl e dy Horeyicd BmyiaEmeNasEWixture,
wherein th jsomerzed mixthig somplisesabase alhcompanent anghadlissshiuel comoanent: (©) a
stripper for stnpﬂng the iIsomerized mixture of water so as to yield a dry isomerized mixture, wherein
the dry isomeriked oiidQirercereges eihbtparsting \theodralKanRSTHESA ng X AP LBCN AnBEFOf 30 or

areater; (d) 3 separalionumkior AEnAiRROANe drysomeriasd dBiiuie dnioAuncbalingjaction from

which diesel fuefis subsequently derived, and a high bailing fraction; and (e) a second isomerization
unit for subSectirentiynflirttlesiboeqariniiyy iepighsdromivinEastidretb yisrtiepask B, Mawr2] The
foregoing has.outlined. e Qf&) cliil features of the present disclosure in order that the detailed
descriptior?j of %ﬁg gas%fégﬁe&ﬁ]at%o %Sws may be better understood. Additional features and

advamageigéfﬁgehgis?»%@%ﬁﬁo\@(ﬁléﬁ?sﬂﬁéﬁﬂ:@@rﬁ Sespinalteravhich foimetbenssbject of the claims of the
disclosure. BRIEF DESCRIPTION OF THE DRAWINGS [001% For ?ﬁgore cgﬁzngplete ungerstanding of
the presenSHNRRGH, ARECns U0arEESs ThaYeE Fe Ve RERCRETBS TR eTs ha MUty descriptions

taken in copjunsiien il iheespmpanying dravpgprinvphigh: RObAliCeltniapictgain stepwise
fashion, Type 1 methods for processing triglyceride-containing ail of biolo?iE%J otigin so as to yield

base oil anE"BFEERE ERISTRIERCHBFRSS TS doffie ¥ OB RIS SR &SRR Th¥Aon; [00151

FIG. 2 illusizates anempiainTyPankausie forimplamentingeneihodsofdhehspmdapicted in FIG.
1; [00161 FIG. 3 depicts, in stepwise fashion, Type 2 m.etﬁ%ds fgrgarocessinﬁ%tri(%IT)]/ceEidfe-containing oil
of biologicalSFRIH SBYAYS JAEId DR8P SHE robtiit e th AchEHdMERNItA SSmE HitdPhative

em bodimeriﬁ.%ﬁﬁﬁﬁngrﬁﬁeaﬁgb\{ﬁmm anehiR01T LISy lldustratesaiz @xeihptasy THpeid system for
implementing methods of the type depicted ig FIG. 3. .
: the isomerized mixture comprises a base oil component and a diesel fuel component;
(c) a stripper for stripping the isomerized mixture of water so as to yield a dry
isomerized mixture, wherein the dry isomerized mixture comprises at least 10 wt. %
alkanes having a carbon number of 30 or greater; (d) a separation unit for separating
the dry isomerized mixture into a low boiling fraction from which diesel fuel is

subsequently derived, and a high boiling fraction; and (¢) a second isomerization unit

for subsequently further isomerizing the high boiling fraction to yield a base oil.

[0012] The foregoing has outlined rather broadly features of the present disclosure in order
that the detailed description of the disclosure that follows may be betier understood.
Additional features and advantages of the disclosure will be described hereinafter which form

the subject of the claims of the disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] For a more complete understanding of the present invention, and the
advantages thereof, reference is now made to the following descriptions taken i

conjunction with the accompanying drawings, in which:

[0014] FIG. 1 depicts, in stepwise fashion, Type 1 methods for processing
triglyceride-containing oil of biological origin so as to yield base oil and product fuel,

in accordance with some embodiments of the present invention;
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DETAILED DESCRIPTION OF THE INVENTION 1. Introduction [00181 Embodiments of the present
invention are directed to methods (processes) and systems for processing triglyceride-containing,

biologicallysyggryaseite.s0 as to effect oligomerization and deoxygenatiop@f wasatsatest fatty acid
(carboxylic acid) components contained therein, en route to the production of base oils and

transportation fuels (e.g., diesel fuel). Processing in such methods and systems effects at least a
partial oligomg}é}aﬁﬁ'?‘é.ﬂ.‘}%ﬁf’ﬁ%ﬁi%ﬁéﬁTB eg%ﬁ'ﬁ/ A B RO R W BEIRE Hethods and
systems (Type thhetherpiodes$ing. proceeds via an initial hydrotreating, whereas in other such methods

and system ﬁ?) tge rocessing proceeds directly via an isomerizing step. [00191 In view of the
above-descf'i(t%ﬁﬁ%m ati ns8 %?1_ ?Sé plﬂor‘ %H‘,%S&va%?%]é)gs (\)ﬁ%ﬂee r%sem{gggdgné% sryéjtlér%ess%?%he present
invention inctigde;doidt areniotiimitd d {d; thezgehengtiosp el ruitiple predut tisireanhs;tdanel the ability to
integrate one or mare of these streams with traditional refinery streams and processes. 2. Definitions
[0020] Certé?naﬁg?r@g Igzr?dwpl) rA%6s aé?}g etiti\f'lcee t ?%%é ncggu?ﬁ?lsey g%e%gﬁp?%gné%%ﬁgﬁgare first used, while
certain othe[d@ilFiised mlthisithesuyiptionpaey defived Hystiow: fooza]Thenprafiseediods a8 used herein,
refers to an s éa&i%?@cyggqnaﬁ%ngwable resource of biological origin, such resources generally being
exclusive of fossll fuels. 100221 A "biologically-derived oil,” as defined herein, refers to any
triglyceride- containing oil that is at least partially derived from a biological source such as, but not

DETAILED DESCRIPTION OF THE INVENTION
i, Introduction

[0018] Embodiments of the present invention are directed to methods (processes) and
systems for processing triglyceride-containing, biologically-derived oils so as to effect
oligomerization and deoxygenation of unsaturated fatty acid (carboxylic acid)
components contazined therein, en route to the production of base oils and
transportation fuels (e.g., diesel fuel). Processing in such methods and systems effects
at least a partial oligomerization (e.g., dimerization) of the fatty acid components. In
some such methods and systems (Type 1), the processing proceeds via an initial
hydrotreating, whereas in other such methods and systems (Type 2), the processing

proceeds directly via an isomerizing step.

[0019] In view of the above-described limitations of the prior art, advantages of the
methods and systems of the present invention include, but are not limited to, the
generation of multiple product streams, and the ability to integrate one or more of

these streams with traditional refinery streams and processes.
2. Definitions

[6G26] Certain terms and phrases are defined throughout this description as they are

first used, while certain other terms used in this description are defined below:

[0021] The prefix “bio,” as used herein, refers to an association with a renewable

resource of biological origin, such resources generally being exclusive of fossil fuels.

[6022] A “biologically-derived oil,” as defined herein, refers to any triglyceride-
containing oil that is at least partially derived from a biological source such as, but not

limited to, crops, vegetables, microalgae, and the like. Such oils may further
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limited to, crops, vegetables, microalgae, and the Like. Such oils may further comprise free fatty
acids. The biological source is henceforth referred to as "biomass." For more on the advantages of

using microgtgag; @ a:gpurce of triglycerides, see R. Baum, "Microalgae p¢q possihie aqurce of
Biodiesel Fuel,” Chem. & Eng. News, vol. 72(14), pp. 28-29, 1994. [0023] "Triglyceride," as defined

herein, refer to class of mglecules havinfpthe.following molecuylar structure: where x, y, and z can be
the same orQiBFERAt Hid ‘fRerafone SPmBIYUHEAL BAENES AetRrder By 555hdS &n have
unsaturated-1egiens. 100241 Acearkhoxylic asiditescfadly agith" asgefipes herginpisa adss of organic

acids hav'n%gﬁz e?{glecg,alsfe%wﬂgl%:agng H‘Microalgae arc Possible Source of Biodiesel Fuel,”

Chem. & Eng. News, vol. 72(14), pp. 28-29, 1994,

[0023] “Triglyceride,” as defined herein, refer to class of molecules having the

following molecular structure:

0
g
ﬁ H,c——0" )
C
No——¢H
Z
H,C 0
2 \C
I y
o)

where X, y, and z can be the same or different, and wherein one or more of the

branches defined by x, v, and z can have unsaturated regions,

[0024] A “carboxylic acid” or “fatty acid,” as defined herein, is a class of organic

acids having the general formula:

O

P,

N



where "R" is generally a saturated (alkyl) hydrocarbon chain or a mono- or polyunsaturated (alkenyl)
hydrocarbon chain, wherein such unsaturation is provided by one or more carbon-carbon double

bonds (C=G}dmsaidGhain. [0025] "Lipids," as defined herein, broadly refegsdgébgsiassof molecules
comprising fatty acids, and tri-, di-, and monoglycerides. [0026] "Hydrolysis" of triglycerides yields free

fatty acids and glycerol, such fatty acid species also commonly, referred to as carboxylic acids (see
above). [0037]%Fransedte SREEHOH, “or &P eéﬁ?}}gcg% BRSSOt At BetNeen a fatty
acid and anjaibahedfgratieldAk-eglehghecebofO0028], " Oligeinerizationitas itefitepdbedei, refers to
additive reag&on of like or si@ila_rcggglqcyoleggéib%ﬂénh 'S\ to f%{&n gallgrger molecule. For example,

unsaturated ﬁ?ea%ic%ob?f e %I}esen Invention can react of combine via the double bonds in their

structures.v\\/;\ﬂb%g]tmﬁéﬁagh s&ec&gﬁn%%mmpg&p formia larger,mglegule fhe rgsulting species is termed

a "dimer."” When, for éxample, the aforementioned fatty acid components contain multiple regions of
unsaturatiorrostiggonsersépaised o thide ardnepeogizesagespossible (e.g., "trimers”). [0029]

"Hydroprocessing” or "hydrotrcating” refers to processes or treatments that react a hydrocarbon-based
material withdy@Fogarirjpiesalgfungsrsrissure dn diarthrthe At st yalvspidles8si & tsn be
non-catalytigh Sl BEERSEaaHNsINdR it RkeR b Himiiae tasihy dradaexygenation (of oxygenated

species), hydrotreating, hydrocracking, hydroisomcrization, and hydrodcwaxing. For examples of such
processes, $eg20ashatsaitetifitediStaiesipte it dNoi 030, 066{-anth Flomarkiddrited States Patent
No. 6,841,09{1’%&1 Emb%dlm nts of kttht restwatl{{rleg?gtlon utilize such hydroproccssing to convert

triglyceridesto B%ﬁ‘é’ TR n‘ea¥:e?rr?s Q}lgroproceess?ﬁegg%shd "hydrotreating” are used interchangeably

herein. [003fo HydGhpIAg, 85 dingeherein. Jelers o, e Heamentaf a ydrearpon based
material with hydrogerrunder conditions typically less severe than those of hydrotreating, so as to

remove impéiriiés adeorien frove BHE Orttnaranphyasiedl prdpravie site. gxaanib, wistiesigd oxidation
stability, etcg,fherehy IeRderingAmvepigyed Produet {003 H. lsamerizinge asydefinadinerein, refers

to catalytic proCesses that typically convert n-alkanes to branched isomers. ISODEWAX.ING
(Trademarksélf”@I’-FES/RWth two such species combine to form a larger molecule, the resulting

species is termed a “dimer.” When, for example, the aforementioned fatty acid
components contain multiple regions of unsaturation, oligomers comprised of three or

more mers are possible (e.g., “trimers”™).

[0629] “Hydroprocessing™ or “hydrotreating” refers to processes or treatments that
react a hydrocarbon-based material with hydrogen, typically under pressure and with
a catalyst {hydroprocessing can be non-catalytic). Such processes include, but are not
limited to, hydrodeoxygenation (of oxygenated species), hydrotreating,
hydrocracking, hydroisomerization, and hydrodewaxing. For ecxamples of such
processes, see Cash et al., United States Patent No. 6,630,066, and Elomari, United
States Patent No. 6,841,063, Embodiments of the present invention utilize such
hydroprocessing to convert triglycerides to paraffins. The terms “hydroprocessing”

and “hydrotreating” are used interchangeably herein.

[0630] “Hydrofinishing,” as defined herein, refers to the treatment of a hydrocarbon-
based material with hydrogen under conditions typically less severe than those of
hydrotreating, so as to remove impuritics and/or improve one or more physical
properties (e.g., color, viscosity, oxidation stability, etc.), thereby rendering an

improved product.

[0031] “Isomerizing,” as defined herein, refers to catalytic processes that typically

convert n-alkanes to branched isomers, ISODEWAXING (Trademark of CHEVRON
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U.S.A. INC.) catalysts are representative catalysts used in such processes. See, e.g., Zones et al.,
United States Patent No. 5,300,210; Miller, United States Patent No. 5,158,665; and Miller, United

States PategbNg1h882:312. [0032] "Transportation fuels," as defined hegeiatasisizos
hydrocarbon-based fuels suitable for consumption by vehicles. Such fuels include, but are not limited

to, diesel, gi\fgli%e '?ﬁ uel E{’]d the like. 0033[ "Die%:,(?l ftqel,"“ s defined herein, is, a material suitable
for use in diesgf n@ AR RS TG B Y S TR VeSS AL FE RS SRS P thaFolBiing
specificatioriB S Tk Ythted StardatatSpadificaionIod;Diédel Flelt@llStatesBpeanNarade CEN 90;

Japanese Fléléla%%%jard {(f%(@gggfld g’tg{ee SULt;lai&eer(glaﬁtgtg? é\éaBtg]al Conference on Weights and
5@9 1\7}9 - 3 -+

Measures ( uidelines for premium diesel fuel,"and The United States Engine

Manufacturq, sy SOFAQR A5 AMFIAREH CIRRUAS (G Rreahm i Seh FFQR A (00341

“Lubricants,” as defined herein, are substances (usual%a fluid undér operating conditions) introduced
between twetiglindosureasesriEnto tedirbecthe frictidnfand WwebidseRiesretielirBEge!dils" used as/in

motor oils agg.ganeraliyclassiied.py theifmerican Petroleum Institute as being mineral oils (Group |,
11, and 1I) or synthétic oils (Group IV and V). See American Petroleum Institute (API) Publication

Number 150903 ypicabysifareubiicasisconeromMorenadelitivesiang e ed:tmbase ihigrgprove one or
more of its pro eg)}:_igs and mal%? it more suitable foni a desired Itipbri?at&t ggglicat(i%ﬂ. 00351 "Viscosity,"
can general AP HEVENBE BRI S8 58 TSRy AY LBt s PEsIRtRNEBY S REW SR Mhy situations,
viscosity is meeMEangeniertilyaaxpre Sped fivdatm Sooflkine atlcQistpRilyd feaniGgadai(EDdf centistokes
(cSt). [0036], Viscosity index. or "VI." fined herein, refers to an.index created by the Society of
Automotive ]%Oﬁgf?‘%aélfgigﬂg;st%%%ﬁr& o e%ngg%@%f a Sbg%la?%&'g %ﬁ%é&%oyv‘f h \?élri%liﬁiélﬁé M temperature,
wherein the Wisgosityaf dkasnicanNATM highérvideilhbe fessrdependieted iugmppelr dtge than the
viscosity of a,lubric twithﬁ lower, Y. Historically, sin e irr1 lex s femper FHE%H{%U ries are 100F
(40C) and 2?&11{% Agglés(?sthen 1|rée|na 583 é&glpla&r%neﬁ%%%ﬁfr%m \}9% Wgrrrgt oiI%to VI-1O(;F%Eest oil).
However, sipcerthencbersé fidrilddRnbiscale, better oils (e.g., synthetic oils) have been produced,

leading to VIs greater than 100. 8 i ) ]
[0034] “Lubricants,” as defined herein, are substances (usually a fluid under operating

conditions) introduced between two moving surfaces so to reduce the friction and
wear between them. “Base oils” used as/in motor oils are generally classified by the
American Petroleum Institute as being mineral oils (Group 1, 11, and HI) or synthetic
oils (Group IV and V). See American Petroleum Institute (APT) Publication Number
1509. Typically, for lubricants, one or more additives are added to base oil to
improve one or more of its properties and make it more suitable for a desired lubricant

application.

[0035] “Viscosity,” can generally be viewed herein, as it is colloquially, as a fluid’s
resistance to flow. In many situations, viscosity is more conveniently expressed in

terms of “kinematic viscosity” having units of centistokes (cSt).

[0036] “Viscosity index” or “V1,” as defined herein, refers to an index created by the
Society of Automotive Engineers (SAE) to index changes in a lubricant’s viscosity
with variations in temperature, wherein the viscosity of a lubricant with a higher
VI will be less dependent on temperature than the viscosity of a lubricant with a
lower V1.  Historically, since the index’s temperature boundaries are 100°F
(40°C) and 210°F (100°C), the original scale spanned only from VI=0 (worst o0il)
to VI=100 (best oil). However, since the conception of the scale, better oils (e.g.,
synthetic oils) have been produced, leading to VIs greater than 100.
8



[0037] "Pour point," as defined herein, represents the lowest temperature at which a fluid will pour or
flow. See, e.g., ASTM International Standard Test Methods D 5950-96, D 6892-03, and D 97. [0038]

"Cloud poinipas@efigad herein, represents the temperature at which a flpicrheginsde piase separate
due to crystal formation. See, e.g., ASTM Standard Test Methods D 5773-95, D 2500, D 5551, and D

5771. [0039ra Ag defined herein, "Ca,’ wcglg]re ‘n"is an inte%clar, describes a Q drotcarﬁa.o or
hydrocarbon?@aAtaihfig PRSiEcUte B %ﬁﬁéﬂ?{eﬁﬁn&lkyF&?gﬁ?éﬁ%/rpg%au%ewahgreﬁ% "H" denotes the
number of catbrvétoposrmihoiragfentor. metEddldsiteespectil SohlinshiitsoMutandhing. 3.Methods
of the First % 040 nti reviously, and with reference to FIG. 1, in some embodiments
the present '%\gesﬁ %déié%?é@ﬁm%ﬂggfor more methods for producing base oil and diesel fuel, the

methods cofypiging 105, SIeR L leRdPRBrecRRrINGA WgaRdaRRE'AIAG NepRiaBle ol to effect

oligomerization a eoxygenation of unsaturated fatty acid components contained therein so as to
provide for dngtigdmphizedsenitaiceduateremssdidopratssingeeomprides b drstdathgcshd subsequent

water removgl.(Siem102) isemeHzing teseligormanized mixture over an isomerization catalyst to yield

an isomerized mixture, wherein the isomerized mixture comprises a base oil component and a diesel

fuel comporgnteqnd wheseintheiisomgrizekrixire GAMPESESs alsteast L0nwirJe.alisanes having a
 carbon number of 30 or greater; and (Step 103rﬁgistilling the isomerized miiagre [roéeld a base oil and
a diesel fuefATSGHROSHER Ao EIRBIAIREMESHENE FirthePToptiohally) temb st Bstep (Step
104) of hydrefisishingthechase @iktayisiaraoliyeiobnisheddasehoiliNl} lorsomiecaisbodiments, such
above-described methog . further comprise an initial step of subjecting biomass to an extraction
process, whiSFeiR°sHiF & ?ﬂ%%%fét?{ B‘P%E%HSC Pfovides for a quantity of triglyceride-containing vegetable

oil. Typically, such alntﬁxéracftit%n proce. einvolves solvent extraction. Such processes are well-known
to those of skKill in tﬁeear(')t. %%e, %.g.r, H(?jksema, United States Patent No. 6,166,231. [0042] In some

such above-dgagiibgd.mathrdismbadiment thensterehprocessing fHribek camBEsesAN initial

substep of hydrolyzing the triglycerides contained within 9
the present invention is directed to one or more methods for producing base oil and
diesel fuel, the methods comprising the steps of: (Step 101) processing a triglyceride-
containing vegetable oil to effect oligomerization and deoxygenation of unsaturated
fatty acid components contained therein so as to provide for an oligomerized mixture,
wherein said processing comprises hydrotreating and subsequent water removal; (Step
102) isomerizing the oligomerized mixture over an isomerization catalyst to yield an
isomerized mixture, wherein the isomerized mixture comprises a base oil component
and a diesel fuel component, and wherein the isomerized mixture comprises at least
10 wt. % alkanes having a carbon number of 30 or greater; and (Step 103) distilling
the isomerized mixture to yield a base oil and a diesel fuel. In some such method

embodiments, there further (optionally) comprises a step (Step 104) of hydrofinishing
the base oil to yield a hydrofinished base o1l.

[6041] In some cmbodiments, such above-described methods further comprise an
initial step of subjecting biomass to an extraction process, wherein said extraction
process provides for a quantity of triglyceride-contaiming vegetable oil. Typically,
such an extraction process involves solvent extraction. Such processes are well-
known to those of skill in the art. See, e.g., Hoeksema, United States Patent No.
6,166,231.

[8042] In some such above-described method embodiments, the step of processing
further comprises an initial substep of hydrolyzing the triglycerides contained within

9



the vegetable oil so as to yield free fatty acids. Such hydrolysis can be acid- or base-catalyzed.
Hydrolysis of triglycerides to yield free fatty acids and glycerol is well-established and known to those

of skill in thg;griq2a818:0-, Logan et al., United States Patent No. 4,218,356:{0¢3lWHaile not
intending to be bound by theory, the above-described oligomerization is thought to occur via additive

coupling reactions between fatty acid companents having regions of unsaturation. Note that,
depending SREHEZEIANEANEhES SAGOTHEHS BABH AH ScclicB R Ry Btre EEif"iﬁj‘,?idﬂﬁFiﬁsf‘fydrotreating,
and before andigsing MydreiraatoTgrigipiaadlys suehcligemprizatiooswadldibetbeimalii-driven, but it is
envisioned that this could additionally or alterpatively be chemically- or catalytically-induced. [0044] In
some such 5%85@%%‘@%%&%38%&% 03%1?%%%#1%}%\@%%% g%o%%ri}z‘é a%?it%ﬂ&%?’re%r%%gsan oligomer
component, Rutvaréiio the ¥igémer component of said mixture comprises at least about 50 wt. % dimer

(dimeric) species (i.e., dimers resulting from the dimerization of unsaturated fatty acid components). In
some other Ei¥vbtdiielsts nitte oligodieg componebrwsimpriseteptvasths0 Wo%-disebspecies. [0045]

In some such);abaue:aasarbed GPRABNSAS: Mgk % 2 sYRiIER ALK asiRg kg ynzajurated fatty

acid component concentration prior to oligomerization. This can be done, for example, using fractional
crystallizaticieHisPrids hadag eegioRybinnstiarationitdtpSidies deatadtmer4heorbedingid. Saxer, United
States PateglNonRE 3224k SHeh QB SANRHUE N hRRERMeBATthR MNsRtuEiee SRecies can yield

oligomerized mixtures with higher oligomer content. [0046] In some such above-described method

embodiment8Tihe REletssiasr s Bivisyicanljegariication srithbed o Wrisitsd Yource selected

from the groyp;gansialing:f grapsivegrirblesiimisigalgace sane combinationsthesgel Bhose of skill in

the art will reco%ni,ze that generally any biological source of lipids can serve as the biomass from which

the biologic&MEa&eLd B &&ifprising triglycerides can be obtained. It will be further appreciated that

some such are more.economical and more amenable to regional cultivation, and also that
those sourci@bi‘r%ﬁwim%ce 10}8%%5091]& Sfivec nr%lg%/hgcg%rrgbdﬁf?gﬁ% %’a factve g%)z%&slﬁgﬁéebe seen as
competing witmfooed. Exanplacy Gioipgicatlywderivedioilsigibseuwespimsiude! bud amechoe limited to,

la, : jat : : ne like; I
cHch abo e B e QU DA o Pyl eath g e

hydroprocessingiydestienatid gestalpsidaiidna 40d eogareonsiningoers rtismanbomsertie such
embodimentfﬁct&g%@ﬁg\{ecwgggg@[% gatalyst.companent M{@%@m( alloy selected from the group
a

consisting of cobalt-molybdenum (Co-Mo) catalyst, nickel-molybdenum (Ni-Mo) catalyst, noble metal

catalyst, andgpmbinationssthereshy Qustt Specias ahmicaly.su ppoad e dfefasiongoxide support
(e.g., alumina or SiOZ-AIZO%.;WHydrotreating conditions generally include temperature in the range of

about 550F eABStFEEeE FNPHS TRrRSRHRE Setr e JaHRRATR P oY BORYE B B0 Lt 4D 62Bounds-force
per square ipeldlgrRUGS (Rsiaple abiautr2R00msigyantlitypmatheindde Swrge of Rbbi &0 psig to about

1500 psig. Far a eral review of r cessing/h treating, see, e.d, R t.al., "A Review of
Recent Adv&%&%eg(e?{]%aﬁﬁolgggg%h%%g%%g’f%?'%%%}?%di 8‘%65&2%3§/ |sn5gr[}1(§’ ‘Rﬁe%sﬁa%fglriuel, vol. 86,
pp. 1216-128i120@dnEartan exerhpiecof dnowittigycarides abspbe dsyairoprad des geovoiyield a paraffinic

product,see, Galg el b, United States Paten No. 4,992,605

[0046] In some such above-described method embodiments, the vegetable or other
biologically-derived oil originates from a biomass source sclected from the group
consisting of crops, vegetables, microalgae, and combinations thereof. Those of skill
in the art will recognize that generally any biological source of lipids can serve as the
biomass from which the biologically-derived oil comprising triglycerides can be
obtained. It will be further appreciated that some such sources are more economical
and more amenable to regional cultivation, and also that those sources from which
food is not derived may be additionally attractive (so as not to be seen as competing

with food). Exemplary biologically-derived oils/oil sources include, but are not

i0



[00481 In some such above-described method embodiments, the subsequent water stripper. Other
devices and methods for water removal can also/alternatively be employed. Such devices/methods are

known to thgse,ef.skill-in the art. [00491 Generally, the step of isomerizingdg gasiesisgsing an
isomerization catalyst. Suitable such isomerization catalysts can include, but are not limited to Pt or Pd

on a support such as, but Rather not limited to, SAPO-11, SL\‘/I-B, ﬁSZ-BZ, ZSM23, _z%r\%zz; and similar
such suppoH&irid8nfatY bR SHBHAEHTS, RRY Ul BPRI8MEHIN G iFSIES S BRI catalyst
supported onkan acidic support material selected from the group consisting of beta or zeolite Y
molecular sieves, SiO2, 5i02-Al203, and combinations thereof. In some such embodiments, the
isomerizatiof¥ ¢4 Hahriechokt atc teinperdtsrstvdtweashodbeuttbdifcand dlroatpeicecandtypically

between 550F .and about.750F, The,o {i 'S ' jcally psig to 3 ig, and more
typically 20 %%ﬁ‘élﬁ%%i%d’b‘?qu‘feﬁ%r%’ggé %Igvgs%rt%sylﬁsyta%%%% ?/{%oété%o%o s?ancja%g %L%%l{c feet/ban-et
(SCF/ban-eboRtuimstiesstitabierisomermativalcendlpdinionss teegstFodedretraptingritse States Patent

No. 5,300,210, Millef, Ynited,Siates Paignt No. 2.458:665uand Miller.aies,States fagent No.

4,859,312. 11 [0050] With regard to the Catalytically-driven isomerizing step described above, in some
embodimentBokrelprethdd ddeerivEdyheraipkaiayBeddemaguctde Mp tsatalethgrateentdtbffinic product

with a fixed sfalionary,Red Hfasaivsl, withx fixed duidized beg, ap it t 4 had.dn one

presently contempfated embodiment, a trickle-bed operation is employed, wherein such feed is
allowed to kRS BiRoGGH!S SERBEHaKY FixSHBERE 9hi &ﬂvﬁﬁﬂ@-prg%& pEBHAY OYERRr an

illustration of¢he-QRerativnaOfshhfatalstse seadMidenssal.s inited StatesBeENtLiNOBL,6,204,426 and
6,723,889. [OOS,l]aln some such apoyve-described Fembodin&gnts, the i%omerized mixture can comprise

at least 20 WRHE RIREMEEhERAGT R CHHIBR ASHEF P3Y oIGr8SHtsaIREcH Rith&4f Cah Bomprise at
least 30 wt. Jeuplogers haaing: 2 caohei i beri ofl BOintlgreatgs. dMitiingrinigadingbtarbe bound by

theory, it is helieved that oligomerization (and subseguent deoxygenation) of fatty acid components of
the vegetabtlie(g% %?'eg'pg ra“rlil%/CF1 §%For g%ﬁvl"écfg% u@ﬂ% Sﬁlen\geﬁg of% ag%lgs %F CCSgO 8557 In some
embodiments,, the Rtepeof difiting éniploys adidtiltatiol cbhuligsnity (opsephnateftRedyase oil and
diesel fuel intg, indivigual fractigns, Genegally, th i ected in. a high-hoijling fraction and the
diesel fue isré%?leacr:’tegi:sns léli%\/v- %?Illhg‘gfoﬁr]'acé:%’oﬁl?ln?%%%nsgzgg’rt?cguﬁ'r emgg&m)éér?{%}% ?ggﬁ‘éﬁm bifurcation
occurs at ortzigyrati650Farirbwhipfressectiseddiesakbidel isakafgely copdamestivithingass0F-fraction

(boiling belownggg)?a%gdpm&pﬁ%e Pilds gentained within a 650F+ fraction (boiling above 650F). Those
of skill in theart will recognize that there is some flexibility in characterizing the high and low boiling

fractions, angdhgf the;prrdysts Base ailend-digseiiedmanbeablained iomustts/atvarious

temperature ranges. . .
stripper.  Other devices and methods for water removal can also/alternatively be

employed. Such devices/methods are known to those of skill in the art,

[0049] Generally, the step of isomerizing is carried out using an isomerization
catalyst. Suitable such isomerization catalysts can include, but are not limited to Pt or
Pd on a support such as, but further not himited to, SAPO-11, SM-3, SSZ-32, ZSM-
23, ZSM-22; and similar such supports. In some or other embodiments, the step of
isomerizing involves a Pt or Pd catalyst supported on an acidic support material
selected from the group consisting of beta or zeolite Y molecular sieves, 810, AlOs,
8102-Al,0s, and combinations thereof. In some such embodiments, the isomerization
is carried out at a temperature between about S00°F and about 750°F, and typically
between 550°F and about 750°F. The operating pressure is typically 200 psig to 2000
psig, and more typically 200 psig to 1000 psig. Hydrogen flow rate ts typically 50 to
5000 standard cubic feet/barrel (SCF/barrel). For other suitable isomerization
catalysts, see, ¢.g., Zones et al.,, United States Patent No. 5,300,210; Milier, United

States Patent No. 5,158,6635; and Miller, United States Patent No. 4,859,312,
11



[0053] In some embodiments, the diesel fuel produced comprises at least 70 wt. % C12 to C18
alkanes. In some or other such embodiments, the diesel fuel has a pour point of less than -10C. In

some embqgimanis, [bg base oil produced has a pour point of less than f8fydseomeseyr still other
such embodiments, the base oil has a viscosity index of generally greater than 120, and typically

greater than 130. [0054] With regard to the optiopal hydrofinishing step, 104, this generally serves to
improve col&tO3Hav Ut sesH iR Hefrid it 655 SRS SRS HoRR dB8%FibBY method
embodimengsnthe-hiastoistpiod ueatins Itepribod kndionRiep104mirglitabletiotinsehas, and/or

inclusion in, synthetic biolybricants, and/or other suych faimulations.that impart Lubricity,In some
em bodimen?égﬁrﬁrt%“é%@(?g}ﬁ;és“é#ﬁ% 1?1%&%%%@1@%%8? 8%]%%1 p‘rirjlal &as e|EE)i of ﬁaﬁl&ﬁéefﬁégg

en ase oils with
one or moresestéh speeiepoln sednelor stitpthentgmbvotimplatsd strchod bowe:de seeiied edethods further

comprise a step of blending the, praduced base oils with a conventianally-derived. base il selected
from the groodjﬁ%gﬁrsliéﬁiﬁal &:r%u‘g eg?fg, 8%?63# 6?|§,} %‘?@ﬁ?ﬁ%ﬁ‘gf’%}! gﬁmﬁiﬁgﬁgnghereof.

4.Systems dhthielRitstyDypd! {00562 Assiread)méngoned i anpiidwAeisosediite, apsthidth reference to
FIG- 2, in soipe, amediments Wpisach! {neRlonis iRkeddo eag.Orpars BypieRis (e.0., system

200) for processing triglycéride-containing, biologically-derived oil, such systems (200) comprising the
following elggRfisi? Rracessid=pubeXriem 0 L IIRrRsRsSIng abiglyseiide:cantaking vegetable oil

So as to effect oLigomerization and deoxygenation of unsaturated fatty acid components contained

therein, ther€ByPBEG\AdigStor i ol SRS BRHRE R S RAR AN B8 P brdcRs &RsE Cotisrites

hydrotreating:va fychosatingsubralk 201h) andirserMent waigbiRmaudl4vis stipper 201c); an
isomcrization unit (202) for isomerjzing the oligc%l:l}eri ed mixture over an isomerization catalyst to yield

an isomeriz &kt P G HGF AT SRR it O Bor RS LY 08! SHBRRPBEABAT and a diesel
fuel componant, andeyhereinthedsamerniyed fixtuid Coomppsasat daht M ytabiealames having a

carbon number of,fo or gre%tller t icogrl{%z %ﬂ th%fsﬂﬁgnglsko s, and more typically 30 wt. % such
alkanes; and"3 Ysti SdEn Bl G(fﬁég“F disti ﬁ%stﬁ’e isomerizedfiixture so as to yield a base oil and a
diesel fuel i3OI 7, LS CTROSUMRNIS: B SYSPRRHIHACEARTBRCae AbHeRiniafiag, unit (204) for
hydrofinishing ase oil. '

(unit) to separate the base oil and diesel fuel into individual fractions, Generally, the

base oil is collected in a high-boiling fraction and the diesel fuel is collected m a low-

boiling fraction. In some particular embodiments, a fractionai bifurcation occurs at or

around 630°F, in which case the diesel fuel is largely contained within a 650°F-

fraction (boiling below 650°F) and the base oil is contained within a 650°F+ fraction

(boiling above 630°F). Those of skill in the art will recognize that there is some

flexibility in characterizing the high and low boiling fractions, and that the products

(base oil and diesel fuel) may be obtained from “cuts” at various temperature ranges.

[0053] In some embodiments, the diesel fuefproduced comprises at least 70 wt. %
Cyy to Cyg alkanes. In some or other such embodiments, the diesel fuel has a pour
point of less than -10°C. In some embodiments, the base oil produced has a pour
point of less than -10°C. In some or still other such embodiments, the base oil has a

viscosity index of generally greater than 120, and typically greater than 130.

[0054) With regard to the optional hydrofinishing step 104, this generally serves to

improve color, and oxidation and thermal stability.

[6655] In some such above-described method embodiments, the base oils produced in
Step 103 and/or Step 104 are suitable for use as, and/or inclusion in, synthetic

biolubricants, and/or other such formulations that impart lubricity. In some
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100571 In some such above-described embodiments, the processing subsystem further comprises a
hydrolysis reactor (201a) for initially hydrolyzing the triglycerides contained within the vegetable oil so

as to yield fgae Jaliyasids. [0058] Generally, all of the above-described sysigpismndseessesponding
units are configured for processing a triglyceride-containing, biologically-derived oil in accordance with

one or more of the methods described in Section 3, Further, there. is typicall roximal relationship
between théaﬁ?é?ﬂéi?%eﬂﬁﬁlﬁ'}h?l&%ﬁ%g%@ﬁgtgfﬁt%, h fﬁigeﬁ%@as%t%%’t?l}é@%%?%b relationships
may be influgreedibw eXxistiv@intiasireturg aneioriatheneconnithicicansiderdiionss, W
2010/011744PCT/ S%%gg/% 3%? %Nil\ethods of theﬁeecgpglél'&/&e 1&%591 Réaf rring now to FIG. 3, in

ve-des mef rther comprise, 4 1t oduce 118 .
some embo r%en g,‘i resent invention is cﬁrecte one or mo%e mg{hoas or progucmg base oil

and diesel fueth sucinmeatiodscdenprdinegsthel lstelpstal: f(Ste th8 @tyyprecessimg @ frigiyeeiide-containing
vegetable oil to effect oligomerization of unsatur elql [ tty {’;}_I%I mponents contained therein so as to
provide for é)rlltlsd%rgﬁPeﬁigle%’rﬁ&%zfﬁe@glgébaigfﬂ%s%mae%%ng t%é%gligomerized mixture over an
isomerizatiop cata@%&&gig}qh@@iggr-p%ged mixture, wherein the isomerized mixture comprises a
base oil component and a diesel fuel component; (Step 303) stripping the isomerized mixture of water

to yield a dryggserizas mixideaauner einatheGioLiS ez acth MidIr e £BpESe FBG |eash 10 wt. %
allcanes having a carbon number of 30 or greater; ,(Sséfp 304) separati\rylg the dry isomerized mixture
into a lower IENMETTPREtBAMOWHIRIHSLEIHRE i SHSSESLEN R HEFVET e ahd S Hidf boiling
fraction; andi{Sitep 305) ssibpespeesitly isomendzingahtensha tosiesalithédhightniipilaghfraction to

yield a base oil. Similar to the methods cribed jn Section 3, in some such emhodiments, such
Tethods fortheFEOVAG BB G AYUICIIEHbG e Hasd SIS SR SNyt eh e Base ol (0060]

yarofin

In some suchralessiesdescgibeciethoti@mpodimehts dhewegeiatitecoib tgomprizes anedr more
biologically-derived oils selected from the roup € nsisting of canolf';\- SOV fapese d Q@Im, peanut,
: o ; : . ined 't AR :
jatropha, ye 89\3{6%%%%@%'%%:6@3# réfr%bﬁ% ions h‘éorrélgﬁ%fg 611 In some ‘su%ﬁ a%’o{/‘e-ﬁéescnbed
method embodindengs, ftire atigomerzadzaixturstoomprisesian eligomearcesmmgorremtpyséd oligomer
component gompis) agé?aaﬁgélbo%ﬁ?ﬁ R @SE@PS&@%&%%M%H&@@%%‘%% about 70 wt.
11/0 dimer species. 0621 In Some such above-described method embodiments, the step of
isomerizing # et ed bt an asespapertairest betieen BSOR: AR 180 P Ligemg Eey BHEWE a variety of
isomerizatiog catalY§ifcrization catalyst to yield an 1somerized mixture, wherein the isomerized

mixture comprises a base oil component and a diesel fuel component, and wherein the

isomerized mixture comprises at least 10 wt. % alkanes having a carbon number of 30

or greater, typically 20 wt. % such aikanes, and more typically 30 wt. % such alkanes;

and a distillation unit (203) for distilling the isomerized mixture so as to yield a base

oil and a diesel fuel. In some such embodiments, such systems further comprise a

hydrofinishing unit (204) for hydrofinishing the base oil.

[8657] In some such above-described embodiments, the processing subsystem further
comprises a hydrolysis reactor (20ia) for initially hydrolyzing the triglycerides

contained within the vegetable oil so as to yield free fatty acids.

[06058] Generally, all of the above-described systems and corresponding units are
configured for processing a triglyceride-containing, biologically-derived oil 1n
accordance with one or more of the methods described in Section 3. Further, there 18
typically a proximal relationship between the various units that comprise system 200,
but this need not be the case. Such relationships may be influenced by existing

infrastructure and/or other economic considerations.
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[00631 In some such above-described method embodiments, the isomerized mixture can comprise at
least about 20 wt. % alkanes having a carbon number of 30 or greater, and in some cases it can

comprise atjeast;alagi 30 wt. % alkanes having a carbon number of 30 Qi-greaigse, 93641 In some
such above-described method embodiments, the diesel fuel comprises at least 70 wt. % C12 to C18

alkanes. In these or other embodiments, the diesel fuel has a pour point of less than -10C. [0065] In
some such ébove-&@%ﬁ%ge‘bfm‘ém(?%@&ments, the base oil has a pour point of less than -10C. In

these or oth iments, the base oil has a viscosity index of greater than 120../J0066] In some
Suoh above NSRBI B Lo et PR TBHHLREH bas J 8L Bt BBIAY of loss than
-10C. In thesdéiroctothiercermbodione nishifves iydpodthished base laihHaiseacV ifebsity indethod greater than
120. [0067] Generally, to the extent.tha y.share.common steps, aspects of th e..2 methods are
consistent Wil e TRy o o L S AR, e B T Srep 201
may further q@mﬁiﬂg;sei@csntrisit@}omﬁﬁydwlm fh‘éﬂldgl@/cerida@scsw&:hfma%@ﬁd?beéhfm some of the
Type 1 met YeroSimiBi.censentiation of elidemericspecies i e iggmetized mixture can
be effected Vsl?{:l ractglionglﬁcrysta]l%llcz)_at‘?q)n meﬂo%%, ’agdgé;?ﬁébeég a@_ove. g.Systerl%s of the Second Type
[00681 RefeHniyison o FIGondnzgaie @inbstimeit dlelprasanednverioh isliiraatéeeto one or

more systemg,{&-g.8Ysiam-400hiBH RO GesSIBGNgMasHdes aNaiRIntsRIciodicallysderyed oil, such
systems com nsma@}t@he following elements: (a) a processing subsystem (401) for processing a

triglyceride-€81iaiAtig vEHIASEId0Si S8R e HabHBIRy Oharatich srithsadpatsamsivetid
components,gntainedihieieithe-aind thereby.piovide.feramghgamenized mixiure; (Bladisst

isomerization unit (402%r isomerizing the oligomerized mixture so as to yield an isomerized mixture,
wherein the i8R A4 X‘fﬂ?’éb%ﬁ‘?)ﬁ%ég ETBUEE oiPEBmponamaHEE Hie sty iigmesirsonent; (c) a
stripper (403ftansinppingdherisonispzed maixtisenol wetiedisaamito yielt @ dnnispmenzad mixture,
wherein the dry isomerized mixture comprises at least 10 wt. % alkanes having a carbon number of 30
or areater. (1% SASEFEH 7 U A Tor Sl Loig e SR ISURALN B IARE & To boling
fraction frompwiieh eliekel Highlkisisihsg oenity derideld, arnds kigh [Saiiier fracionnathdde) a second
isomerization uni%g%OIS)Sfor subs,':,e%uentlé/ gurﬁherf;so%%rril%gnguthe hi%h (psoyl!l? fraction.to Xield a base oil.

CSCrl Y Section 111 8O J 8 ch metho Cr COmMprise
In some suc?ﬁ em odlmen%s, such sys]i%ms further comprise a P

step of hydrofinishing the base oil to yield a hydrofinished base oil.

[0060] In some such above-described method embodiments, the vegetable oil
comprises one or more bioiogically-derived oils selected from the group consisting of
canola, soy, rapeseed, palm, peanut, jatropha, vellow grease, algae, and combinations

thereof.

[6061] In some such above-described method embodiments, the oligomerized mixture
comprises an oligomer component, said oligomer component comprising at least
about 50 wt. % dimer species, and more typically at least about 70 wt. % dimer

species.

[6062] In some such above-described method embodiments, the step of isomerizing is
carried out at a temperature of between 550°F and 750°F, using any one of a variety

of isomerization catalysts,

[6063] In some such above-described method embodiments, the isomerized mixture
can comprise at least about 20 wt. % alkanes having a carbon number of 30 or greater,
and in some cases it can comprise at least about 30 wt. % alkanes having a carbon

number of 30 or greater.
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hydrofinishing unit (406) for hydrofinishing the base oil to yield a hydrofinished base oil. [0069]
Generally, all of the above-described systems and corresponding units are configured for processing a

triglycerideg@ainingsy piologically-derived oil in accordance with one or gefgQidheisigshods
described in Section 5. Furthermore, as in the case of Type 1 systems, there is typically a proximal

relationship between the various units that comprise system 400, but this need not be the case. Such
relationship$0ies) B S SHER AUy RrssHG SAmRhRt ArRoIR o the FEsshBIRi CXBRE M rations. 7.
Variations [QQ7£4t moseime, Typs 2 methoeds, hytepmcassingniaiidie s, subdiseseisiafthe initial

processing steg. Some sych variat{?s@ mbodiments may begin to converge on the methods of Type 1.
Similar obsét H‘E)ﬂ%“ilﬁgéiﬁés Hae e&zrding the corresponding systems. [00711 In some

embodimen elandT 2 methods. the nitial Ing st [ izing step are
fully or partiﬁlﬁsrlé%r%o% éﬂ%}%%ﬁ%\fﬁnﬁgg(gigregcggélleosg}rngg c?e:&r{?%g tcs’)g’]utﬁls% I‘%l%%%@ggg%/ﬁ%%éZl in some
presently-cqrtemplaces tbmbdditiedtsiittre wrettiousahdionsysiahistefthpl gressentiprention can be

fully or partiﬁllélemg%g%g?g with cqnventional refinery processes-particularly in situations wherein such
integration provides Tor a synergistic enhancement of the production economics. [0073] In some or

other such v?ﬂa@f £MbAdinesHRR-RQRIsaUraes o tighreridecontainingfihaasds.mixed or
admixed with the biologically-derived oil used herein, [00741 The transportation fuels Rroduced by the

methods/sy St ri&sof RS Brexert itlvdfifol2an Ekiend BeybBRY e8Pl LB kil the art will

recognize thatdhe srmEAsIoR o e veswdiiggdasnspertatiantuel 20ll be a function of the chain length
of the carboxylic acid components of the triglyceride-bearing, biologically-derived oil. 8. Example

[0067] Generally, to the extent that they share common steps, aspects of the Type 2
methods are consistent with those of the Type 1 methods described in Section 3. For
cxample, processing Step 301 may further comprise a sub-step of hydrolyzing the
trigtycerides such as described for some of the Type 1 methods above. Similarly,
concentration of oligomeric species in the oligomerized mixture can be effected via

fractional crystallization methods, as described above.
6. Systems of the Second Type

[0068] Referring now to FIG. 4, in some embodiments, the present mventiion 18
directed to one or more systems (e.g., system 400) for processing triglyceride-
containing, biologically-derived oil, such systems comprising the following elements:
(a) a processing subsystem (401) for processing a triglyceride-containing vegetable oil
so as to effect oligomerization of unsaturated fatty acid components contained therein,
and thereby provide for an oligomerized mixture; (b) a first isomerization unit (402)
for isomerizing the oligomerized mixture so as to yield an isomerized mixture,
wherein the isomerized mixture comprises a base oil component and a diesel fuel
component; (c) a stripper (403} for stripping the isomerized mixture of water so as to
vield a dry isomerized mixture, wherein the dry isomenzed mixture comprises at least
10 wt. % alkanes having a carbon number of 30 or greater; (d) a separation unit (404)
for separating the dry isomerized mixture into a low boiling fraction from which
dicsel fuel is subsequently derived, and a high boiling fraction; and (e) a second
isomerization unit (405} for subsequently further isomerizing the high boiling fraction

to yield a base oil. In some such embodiments, such systems further comprise a
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[0075] The following example is provided to demonstrate particular embodiments of the present
invention. It should be appreciated by those of skill in the art that the 16 methods disclosed in the

example whighfallaws,merely represent exemplary embodiments of the gresgRbigyasteg. However,
those of skill in the art should, in light of the present disclosure, appreciate that many changes can be

made in the specific embodiments described and still obtain a like or similar result without departing
from the spifY &iRdEEBBE BRHE it EHARREREIHN$069 5257191 4R SErdei UM ate a method

of processingia vegetable oil en route to forming a transportation fuel and a base oil, in accordance
with some embodiments of the present invention. 100771 Canola oil was hydrotreated over a
Ni-Mo/Al203 fadriotieatiatiycathlyst e dércthedoltoiving sgeteditionst $:008spsigiiDdischibl H2, 1.66
LHSV hourly space vel cityﬁ and 610F. This reactor was followed by.a second reactor.containing a Pt
on SM-3 sie%%rﬁg%%cedﬁz?g [0 tgg?gﬁlnéo’t, glsl-c?% 66 LHSV 13}1%’;%%0 1r%tﬁlre601W§§0!§. P}ocessing
conditions effecteda cativension yisid b i éotothe 19 dosmibht pefsetivofth& wilnstacwi, was converted

from 650F+ .t QF- listillation,. the. fraction:baili - minately a
paraffinic dié@é%%\?ﬁﬁ%%ﬁggpgcs%ior?g‘?%%%ighlg%%glée 5%@%2%@@%%2‘2%&% 3%2%%% f%g?ﬁi) of

oligomerizedgpeivaaritytelithefizetpsise cissiqgad ¢hrdrwatbir abivg mas P pdetredBnalysidlyielding a
mass distributign centered argund &, GREpatatfin(alkang). This: G0kt fadien hadapiscosity at 100C

of 3.8 centistokes (cSt), a pour point of +18C, and a viscosity index (VI) of 151. This oil was further
isomerized 69BFIPTaHC8M-3 at 600F to give a 3.3 ¢St oil of -10C pour point, -4C cloud point, and 204
VI. 9.Conclusion [0078] The foregoing describes methods and systems for processing triglyce
de-containing, bioldGicali§ erived oils to efficiently yield a combination of transportation fuels and

base oils. S thods and syste re.based on an at least partial oligomerization.of the carboxylic
acid compoxg{)}@?gln Fﬁggm?)l/ﬁlnrq%%gcﬁfgli} agslf? é?SSSﬁ%B%fHaSBFgFo%‘%céW%SS?i\‘}é 1(eiiﬁlgdf}]"ch methods
and systemgareecansmicabpadaniagatisastheydprovidefay tmgtipte prodegestredims. [00791 All

patents and publicati referenpced herei r inc r ﬂch eference fa the extent not
inconsistent '%tlrﬁé}vc%%tﬁ%??mﬁ%é %%%%t%‘%gr%{ﬁ? %grlt%a%i%%t @%l%%e- e%c{ﬁ)egﬁst? cltureg, functions,
and operaticistafithe above-described embodiments are not necessary to practice the present

invention and are included in o _
[6671] In some embodiments of Type 1 and Type 2 methods, the initial processing

step and the isomerizing step are fully or partially integrated such that these processes

are carried out simultaneously.

[0072] In some presently-contemplated embodiments, the methods and/or systems of
the present invention can be fully or partiaily integrated with conventional refinery
processes—parficularly in situations wherein such integration provides for a

synergistic enhancement of the production economics.

[0073] In some or other such variant embodiments, non-crop sources of trighyceride-

containing oil can be mixed or admixed with the biologically-derived oil used herein.

[0074] The transportation fuels produced by the methods/systems of the present
invention can extend beyond diesel fuel. Those of skill in the art will recognize that
the composition of the resuiting transportation fuel will be a function of the chain
length of the carboxylic acid components of the triglyceride-bearing, biologically-

derived oil.
g. Example

[0075] The following example is provided to demonstrate particular embodiments of

the present invention. It should be appreciated by those of skill in the art that the
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the description simply for completeness of an exemplary embodiment or embodiments. In addition, it
will be understood that specific structures, functions, and operations set forth in the above-described

referenced [gjspis:@nR9s;publications can be practiced in conjunction with fherRresgatipyantion, but
they are not essential to its practice. It is therefore to be understood that the invention may be

practiced otherwise than as specifically described without actually departing from the spirit and scope
of the prese?i]lefhﬁ?%ti%‘ﬁcé%s%fi‘ﬁe&lﬁyetﬁ?é’ﬁ’g‘f)e‘ﬁa’é?a (I:%%H% S R |§6€E§gﬂ\/l B A Kethod

comprising histsiépgeef «)iprosessindgnadhighycefislescontainingvepitiableoiktoaffeld, aligomerization

of unsaturatqufatt%( cid CQ%O 1ents contained. t eEEiQ so ast A}[)nrovide fqtg an oligomerized mixture;
b) isomerizi 1& hé of?&%ﬁ{g?l HixtOre ovBran fsomeriZation ¢a eSstct"‘(l)nyléaldnaa“n' isomerized mixture,
wherein the dgetifarizathmixtares compiises anbasdloitgemporidat andiendieselsfuelvedimpbnent; ¢)

stripping thedisom.cri (c)zl xture Qf water to g/ﬁ%%_argsrgnisomeg(z)gd mixture, wherein the dry isomerized

. 1 SCope 1T i . .
mixture compe S§e8 At I8ast TOWE. 9 alkahes havi gacar hon number of 30 or greater; d) separating

the dry isomggized-Fixtie inie alpwerdaling factigndiomowhichdigsehiugbisaubsgayently derived,
and a higher boiling fraction; and
route to forming a transportation fuel and a base oil, in accordance with some

embodiments of the present invention.

[0077] Canola oil was hydrotreated over a2 Ni-Mo/Al,O3 hydrotreating catalyst under
the following conditions: 1000 psig, 5000 scf/bbl Hy, 1.66 LHSV (liquid hourly space
velocity), and 610°F. This reactor was followed by a second reactor containing a Pt
on SM-3 sieve isomerization catalyst, also at 1.66 LHSV and a temperature of 700°F.
Processing conditions cffected a “conversion yield” as follows: 92 weight percent of
the canola oil was converted from 650°F+ to 650°F-. Upon distillation, the fraction
boiling below 630°F (650°F-) was predominately a paraffinic diesel, while the
fraction boiling above 650°F {650°F+) was comprised primarnly of oligomerized
(primarily dimerized) species (gas chromatography/mass spectral analysis yielding a
mass distribution centered around a Csg paraffin (alkane). This 650°F+ fraction had a
viscosity at 100°C of 3.8 centistokes (¢St), a pour point of +18°C, and a viscosity
index (VI) of 151. This oil was further isomerized over Pt on SM-3 at 600°F to give a
3.3 cStoil of -10°C pour point, -4°C cloud point, and 204 V1.

9, Conclusion

[6078] The foregoing describes methods and systems for processing triglyceride-
containing, biologically-derived oils to efficiently vield a combination of
transportation fuels and base oils. Such methods and systems are based on an at least
partial oligomerization of the carboxylic acid components contained within the
triglyceride-containing, biologically-derived oil.  Such methods and systems are

economically advantageous as they provide for multiple product streams.

[0079] All patents and publications referenced herein are hereby incorporated by
reference to the extent not inconsistent herewith. It will be understood that certain of
the above-described structures, functions, and operations of the above-described

embodiments are not necessary to practice the present invention and are included n
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e) subsequently further isomerizing at least a portion of the higher boiling fraction to yield a base oil.
2.The method of claim 1, further comprising a step of hydrofinishing the base oil to yield a
hydrofinisheglbase il 3. The method of claim 1, wherein the vegetable ol e i§65:9%8 Or more
biologically-derived oils selected from the group consisting of canola, soy, rapeseed, palm, peanut,
jatropha, yellow grease, algae, and combinations thereof. 4. The method of claim 1, wherein the

oligomerizedmidee BEMprigayEnh HMoREriBisoheRt, Siid STigBREY cSmBeREM Eorbrising at least
50 wt. % dinghisREsiess. 18 «dfiadnethedi okclaimdtovheseingba ek piacassingneomprises a

operations sct forth in the above-described referenced patents and publications can be
practiced in conjunction with the present invention, but they are not essential to its
practice. It is therefore to be understood that the invention may be practiced otherwise
than as specifically described without actually departing from the spirit and scope of

the present invention as defined by the appended claims.
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hydroprocessing substep, and wherein the hydroprocessing substep utilizes an alumina-supported
nickel-molybdenum catalyst. 6. The method of claim 1, wherein oligomeric yield is enhanced by
increasing ¢anegnisaian of unsaturated fatty acid components via fractiopairarysiedlizatien techniques.
7. The method of claim 1, wherein the isomerization catalyst is a noble metal on a SAPO 11 support.
8. The metkg%%tﬁiggg , ein the step of isomerizing is carried out at a temperature of between
287.8 C (550F) . OF). 9. The method of claim 1, wherein the isomerized mixture
comprises at least 20 wit. % alkanes havin rbon number of 30 or greater. 10. The method of
claim 1, Whaeltfein tﬁ%%:%é% Fﬁ&l%%%n&%gé? aﬁe%g'st 70 wt. % C12 to C18 alkanes, and wherein the

diesel fuel has a pgur po'}gl%%éﬁﬁﬁ than _Tk%gc&éemﬁtm@d iLlaim 1, yyhergin the.base oil has a

pour point of less than -10C, and wherein the base oil has a viscosity index of greater than 120. 12.
The method of clafHZPvHERERPLRE HyakSRtaHaHhAgE 6AMHRRESLERHRRDIEEEAA#S10C, and

wherein the hydrofinishedibase.gibhas@Misgositringdex of greater than 120. U.A system for producing
diesel fuel and base oil from vegetable oil, the system

b) isomerizing the oligomerized mixture over an isomerization catalyst to
yield an isomerized mixture, wherein the isomerized mixture comprises a base

oil component and a diesel fuel component;

c) stripping the isomerized mixture of water to yield a dry isomerized
mixture, wherein the dry isomerized mixture comprises at least 10 wt. %

alkanes having a carbon number of 30 or greater;

d) separating the dry isomerized mixture into a lower boiling fraction
from which diesel fuel is subsequently derived, and a higher boiling fraction;

and

e} subsequently further isomerizing at least a portion of the higher boiling

fraction to yield a base oil.

2. The method of claim 1, further comprising a step of hydrofinishing the base
oil to yield a hydrofinished base oil.

3. The method of claim 1, wherein the vegetable oil comprises one or more
biologically-derived oils selected from the group consisting of canola, soy, rapeseed,

palm, peanut, jatropha, yellow grease, algae, and combinations thereof.

4. The method of claim 1, wherein the oligomerized mixture comprises an
oligomer component, said oligomer component comprising at feast 50 wt. % dimer

species.
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comprising: WO 2010/011744PCT/US2009/051398 a) a processing subsystem for processing a
triglyceride-containing vegetable oil so as to effect oligomerization of unsaturated fatty acid
components contained therein, and thereby provide for an ofigomerized mixture; b) a first
isomerization unit for isomerizing the ofigomerized mixture so as to yield an isomerized mixture,
wherein the isomdtizeduthddresfonhyirisek, avdaseinil bompepent amt e diese|fombesaspenent; c) a

stripper for, stripping the isomerjzed mixture of water s to vield.a dry isqmer| ixfure, wherein
the dry isom’éﬁ’i%%’a)%%ﬁfﬂge %:%gr%%HSeasngt 18ast 10 \ﬁe Jo% ﬁ%%rgg Sg%}ﬁggglgc%?go%ﬁ ﬁ glr%%)e%rHof 30 or

greater; dafusepakaiportsdhniok depalgtidenthe diglisomerized mixture into a low boiling fraction from
which diesel fuel is subsequently derived, and a high boiling fraction; and e) a second isomerization

unit for subsequently further isomerizing the high boiling fraction to yield a base oil. 14. The system of

claim 13, further comprising a hydrofinishing unit for hydrofinishing the base oil to yield a hydrofinished
base oil. 6. The method of claim 1, wherein oligomeric yield is enhanced by increasing

concentration of unsaturated fatty acid components via fractional crystallization

techniques.

7. The method of claim 1, wherein the isomerization catalyst is a noble metal on

a SAPO 11 sapport.

8. The method of claim 1, wherein the step of isomerizing is carried out at a

temperature of between 287.8 °C (550°F) and 398.9°C (750°F).

9. The method of claim 1, wherein the isomerized mixture comprises at least 20

wt. % alkanes having a carbon number of 30 or greater.

10. The method of claim 1, wherein the diesel fuel comprises at least 70 wt. % Ci2

to Cys alkanes, and wherein the diesel fuel has a pour point of less than -10°C.

11.  The method of claim 1, wherein the base oil has a pour point of less than

-10°C, and wherein the base oil has a viscosity index of greater than 120.

12.  The method of claim 1, wherein the hydrofinished base oil has a pour point of
less than -10°C, and wherein the hydrofinished base oil has a viscosity index of

greater than 120.

13. A system for producing diesel fuel and base oil from vegetable oil, the system
comprising:
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15. The system of claim 13, wherein the processing subsystem includes a hydroprocessing means for
hydroprocessing the triglyceride-containing vegetable oil or derivations thereof

WO 2610/011744 PCT/US2009/051398

a} a processing subsystem for processing a triglyceride-containing
vegetable oil so as to effect oligomerization of unsaturated fatty acid
components contained therein, and thereby provide for an oligomerized

mixture;

b} a first isomerization unit for isomerizing the oligomerized mixture so
as to yield an isomerized mixture, wherein the isomerized mixture comprises a

base oil component and a diesel fuel component;

c) a stripper for stripping the isomerized mixture of water so as to yield a
dry isomerized mixture, wherein the dry isomerized mixture comprises at

teast 10 wt. % alkanes having a carbon number of 30 or greater;

d) a separation unit for separating the dry isomerized mixture into a low
boiling fraction from which diesel fuel is subsequently derived, and a high

botling fraction; and

e) a second isomerization unit for subsequently further isomerizing the

high boiling fraction to yield a base oil.

14.  The system of claim 13, further comprising a hydrofinishing unit for

hydrofinishing the base oil to yield a hydrofinished base oil.

15.  The system of claim 13, wherein the processing subsystem includes a
hydroprocessing means for hydroprocessing the triglyceride-containing vegetable oil

or derivations thereof.
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