PROCESS FOR CONVERSI ON CF Bl OVASS TO FUEL FI ELD OF THE
| NVENTI ON The present invention is directed to
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particularly, the processes of the invention allow for
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particularly |Jet engl ne fuels, I esel engl ne ruels,

and gasol i ne engi ne fuels. BACKGROUND Fossil fuels (or
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n . 1.8s ) hcul ar. [ $i ng costs

afd PARENE. B BB uab AR Rl Rbing Bt one have
recently highlighted the need for alternative fue

sources to petroleun}based(ﬁioducts. Bi of uel s have

particul arly been a f ocuSA OB Rat i ve fuel s.

Bi of Uego%s‘f’l fggg i%%ﬁjaelgéleﬁl?ﬁ@z{sg@ Tlue@sé 1R RIMBAMIBASHs for en rgy

derive rom e termbiomass 1s often use

i pradegaordartdarapspotativase theslirand 21 sattriass Inocased seyd among
beans, flaxseed, rapeseed, sugar cane, and lmoil, .

Gt FIAE PP RV e SIEFEARY SSRGSt RBR igh arising from
| ok d) Go i AR BkBuraPllisds0eé, ha e FRRQII ol Ri RAMEhSon &S non-
play a part in the carbon cycle. The production of

birakwebk respuraspllmperticolgsirisingaobts and threataef shegtages and supply

ol PR by et Bl Pt AR 8 Yfges o

S p¥RESuMaRt &) produdtd eBififdl ChR8 thaRIcQRMG e a @ cub féHilrmative
and gas bi ofuels which yield high net energy gain.

Bifefiiel s are viewed as environnental |y favorable

(parti gy [ ' . . . j

(P LML I R5Bbbo KAL) pRERELRSL AR

c asrhriombeXi dcibyscdrinvigag tolpharit Hascindutves, Buctgad dven, soy beans,
bi of uel s does, not result in a,nit i ncrease of carbon
difl8%3eae TPPESERrk SES CAnSs 284 RYEMe Pyt thederAhga gepsrally extend to any

TR B £ MRS Al 3P o

;hgdefron1can have a stabilizing effect on fuel prices

| Lhegdong dieum o Onsuit deshread use, g BLOLUR Subphitn,
focusing on the use of cheap organic matter (usually cellulose, agricultural waste, and
sewage waste) in the efficient production of liquid and gas biofuels which yield high
net energy gain. Biofuels are viewed as environmentally favorable (particularly over
fossil fuels) because the carbon in biofuels was recently extracted from atmospheric
carbon dioxide by growing plants, and burning the biofuels does not result in a net
increase of carbon dioxide in the Earth’s atmosphere. Perhaps more importantly,
biofuels are a renewable fuel source, and the potentially limitless fuel supply derived
therefrom can have a stabilizing effect on fuel prices in the long-term.

One widespread use of biofuels is in home cooking and heating (e.g., wood,

charcoal, and dried dung). Biologically produced alcohols, most commonly methanol

and ethanol, and to a lesser extent propanol and butanol, can be produced through
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throughenzynatic and m crobiol ogi cal fernentation. For

exa hano ed fram sugar ca
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c bpgrogartand Ltaaylystine adrdng reanivy esmp@lhrars aehpouRrdss, Bylfur
passi ng the fuel stream over a bed of clay particles.
CSHPBP A rAnd HesrB feRIPPYGh Srige Beqting rﬁ@mé%sm@iqr compounds by
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schematjc | a dern,. full nt egr.at ed
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where straight-run |ight and heavy gasollne ker osene,
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bat t ons ﬁrongtqﬁ atqp er ¢ coéupn ar.e vacq&rnr ar

d P ey R AR & i1e8VY BIOHPG NGO R A i fligsel are

C k@akdteat(anbpheric Piedsner Bk Bsttdn@Lilom Hiﬁeea/m@u@{eylc cbnﬁhn are

vacuum resi due m Et have been used as a | owvalu
hivagyei digtilled to obtaln gas oils for fluid catalytic cracking (FCC) or hydrocracker

feed. Previously, the vacuum residue might have been used as a low-value, high-
sulfur fuel oil for onshore power generation or marine fuel. To remain competitive
today, however, refiners must collect as much high-value product as possible from
every barrel of crude, and vacuum residue may now be sent to a residue conversion

unit, such as a residue cracker, solvent extraction unit, or coker. These units produce



fuel oil for onshore power generation or marine fuel.
To remai n conpetitive today, however, refiners nust
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every barrel of crude, and vacuum resi due may now be
sent..to a residue conversion uynit, such as a residue. .
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¢ Pty b edptcargoverelehulft Pt g of the KRl je
Prad E‘E‘Jd-ucﬂ. Ut s cASMBTApRREhRY birecl do}hp:él)ﬁtibﬁ%lf%%% dil fegd,

of the crude oil feed, which 1s usually sel ected base

omhednis uskeal ltsclopted biscdeai doaid¢ratignsand@veibbility Wbd eesy.e Moreover,
the chem cal reactions t.hat occur.in the conversi

o GO BRIyl BhesDRb i Briesy FEPORIEHTC enough to
t ailbw rbmMeueH tallbien s pictiuctfhe consunpti on of
transportation fuels continues to grow worl dw de,

par t i cdihaepRsumption ghtrarsportpéon fpls ¢Pytingcs i ﬁg%@?@dwﬂp,
; BERRRRHL A LN dri TRl A0SR Syt Bos TR R fseine

I eesmadex] HoreraBple/mubt the Borgalpaos ot fuddin the Uhdéd States

70 mllion gallons per day in 1999. Although fuel )
néEeset gm@%\?i gl sgjlognp iyt Y et myon é%lf%é priedpy in
h 0 | : ' : r g -

t ne Rt | ARED 3 Mkt BB PO LA PR AR A kMG has not
t keptlupswith thcignewipgmaed.t Acqording tdhictNadioStldtetrschwmsicals and

c leted in 1976. Between 1999 and.20 refinin :

o MSBBES Gs . Ui ECiF Bt WA 08 LGS SsBepenttpleted n

M BOVBEtw B PHILarREN 0D Pletifh oAk & \h HRNIBRIN taC ORZE bAS 3

make building new refineries nore and nore difficult.

Foercetanydreoved, pubbio perckpioon andeen@abimental conggras gyke building new

Comm ssion notes th evepn t hou 10 refineries ;.. .

h é?'ﬁ'{]lgggsnlfnlo%ganéidg/grg fd%:ﬁﬁ'él\{s F%rt eégarsn% c,a repor{ O thECalifornia Energy
Commission notes that even though 10 refineries representing 20% of the state's
refining capacity were closed between 1985 and 1995, it is unlikely that new
refineries will be built in California. Accordingly, not only is there a need for
increased amounts of transportation fuels, there is also a need for alternative sources
(to combat dwindling petroleum supplies and the vicissitudes of the crude oil market)
and alternative methods of preparing fuels.

In its Broad Agency Announcement (BAA) 06-43 posted July 5, 2006, the
Defense Advanced Research Projects Agency (DARPA) Advanced Technology

3
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increased anounts of transportation fuels, there is

f or Iternatlve C tocnbat
ﬁﬁﬁ 14'}138% R tﬁ’ﬁl%lbrﬁp?sé‘%“ “hh Oeelr?és PP psameeligmatives
t laﬁd Gl Qﬁﬁcﬁ:‘nk eES Sl redind r@lllatn%é BAbLIIVE Rﬂ%@n@mﬁrcﬁfﬂ ground
preparing fuels. In its Broad Agency nouncenent

( Balyleoand Bopostiear hifsy IBAREACBGBAAﬁé-@eiaém@ﬂAmaﬂU@ﬁforts to
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TRRTHON BBYER T AT S o SN G Br sploumibasqegpititary
?é@ff&kﬂ |(§1ch Qs eeRdudieft @aRIAYu8], TRIR) &bhV&is-ridh erops Btoduced by either
f|C|ency efforts to reduce reliance on oil to power

i eerieiliues afaquagilisimdnaheding petsnot ipdted dmplans) dage. ﬁmaasand
5@@; Ahé ﬁéﬁ%&h@g&%@% gaglfl%raltyaefﬁot?#‘a%hé al?féaa%vte Yo f)@[roleurn derived
sUP480gat e f or petroleumbased mlitary jet f ueI (such

as the current standard fuel JP- 8?1 fromoil-rich

crops prestiecbbesterpromeredagen aliFinative wrresdonict iyl production;

( i I |

a'%lg&/%g%t ég?feg Bloaggel alt%gﬁfe ;ﬁlrgrgs?% gg%e@ lgfat?ansés%gicatlon of
aftrﬁgly«:baidbeeﬁfacedrfaim wgridubtuped cropl @lsmSgecifivaly, s &e reacted with

dj esel has be osed, as.a tive source, . .
F 8RODEE Srd ErpROLUCTkT R R RarieD Bl otA05uFSBRp! biodicse
alt& RINRLI YR §H@AIBre¢iforP BEHERA Holot {IﬁFb%ﬁﬁﬂla?ﬁflbf i cation
of triglycerides extracted fromagricultural "crop

oils. Specifically, fats are reacted with al cohols and

conver 1. S
conver gﬁ%ﬁégpab%@}? )? Elg{%(fogﬁ}e s 1zcl)&lol kﬁ?}g
reaction i sRéoox)mleszmlmmlcaﬂdﬂ(EHOHCHZOH (1)
CH2( OCOR1) CH( OCOR2) CH2( OCOR3) + 3ROH + (catal yst)
R1OCOR + R2OCOR + R30COR + CH2OHCHOHCH 20H (1) wherein
a e i car
S&Vahlelrl‘%n R Asrllgé ggdnﬁl %‘bﬁe%&ﬂn‘mogs?%@ d?gt%ctdﬁﬁtr(% A uolnh:%gff'ng al %9&1 in
t Foghyle €1), dec mslecolioif negyoudrids i¢ tunignad wih dredicstanl ingtecules to

to produce three nDIec |l es of biodjesel apd one
nBrslugs Bres melegielas of biodigyed ang pe mplepele of glyicstiok al usnthe

l GaGLLRAREAR %{c%oh B ddrs %é’ﬁ%ﬁc@ﬁdé frlcGRE & thic iy gﬁ? alkyl

fatty acid al monoest ers I'S process unaccept
y imeindssters. bIThmdarmﬁesmmtahyéptaézty grcfds(adilodi ca“smét)lyltdswts (bsodiesel) that

eI BB Ey TGN, et B S Rampsar blsgol Gy features
ofyt thi @ow&%&réﬁe of Ffre&e@ﬁfeﬁqmmp&ﬁo g@%ﬁned(ﬁ’p‘@) FEPéxample

exanpl e, kinetic viscosity at 40 fuel prepared
i ineHp sisnesityart 49 SCiof fuch praparegen dﬂs magnftros BLtbe range of 1.9t0 6.0

?Egﬁdssorl% zlt %%L\'Itlsﬁ%l A razlﬁaggell% l%l]oet ?1%61 GePhER! e Jmnge of about

1.2 centistokes. Further, it is common for such fuels to have a freezing point in the
range of about 0 °C. Moreover, as feedstock cost is the primary production cost
driver in the preparation of jet fuel from biomass, there has heretofore been no
process for preparing jet fuel from biomass that is affordable and utilizes a suitably
available necessary feedstock material.

There is likewise an increasing need and desire to establish viable alternative
fuel sources for other transportation vehicles, particularly automobiles. Alternative

fuels, as defined by the Energy Policy Act of 1992 (EPAct), include ethanol, natural

4
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cost driver in the preparation of jet fueI from

bi onass, ere has .h ore .been no ocess.far

p&hH QF‘?W}@@’ roggabied: S%fﬁi ﬁﬁe&m@ PR S antt B g iESRrSs
Ubrévhcﬁﬁﬁz Iﬁ)u%@dl B@tbbﬁbﬁ?e\@ﬂebﬁé@&ﬁ alfothiany ) Y GRd P §1lfpé)1y that has
material”.” There is kew se an i ncreasi ng need
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metllsashstem tha deap o5 wpniag TesgeIcs.  As previ ously poi nt ed

out, biof n b o
suppIyR% ?t%éggﬁéﬁggq%ore e%% &ﬁ@%%@ﬁf3%£$§§%¢£Q%Lmbnmnml
| patiged ahd bescoddieydrddakbdng blyGraussStpifionmes dasxygesadiohCgyrolysis,
for autonobile fuels, such as gasoline or diese

c 84 ertplgtic arrpvng ar@ﬁ%sl%r Nl oh Flk?r?‘? BRCEGRhag bya Bevelpped to

pr\lm (%g?eets Qv ?60 §é‘ﬂ§| Yo Pbﬁve?tl th&e ffﬁ? $6&stiRe fuel, some

r cru and stem the fear of waning
r es@bineton wgeseambra:smslcsn banmphlyed,and opanndl ajngaeatlon is a

l'i.pi ds c e c nver ed to I nat.i on UId a
oS8t SPhe GusRbieck g i &l Bipeiceps 8 et Frodtel Mhe
d%ﬁb’éé’ﬁ%ﬂ%’tl@ﬁ‘ PronYd a)fﬁd)e%ss AR drpatial Y okl lﬁ&ﬂﬁhﬁg
processes. t hese processes have been devel oped

to varying degrees over the past 100 years. To convert

t hese fuel stocks i f [ on of these
processes can be eﬁ%ﬁ@?énggﬁgﬂﬁﬁﬁeggrﬁié ination is

a functihepr3éntiRtditibh grdvitts prekscafst thdrgref@atisesf biofucls. In

properties of the fuel product. The present invention
pOBY Ahest, Bieprowiies prayidas fershe diecticaayersipp af biogwssigto fucl. In

S l}g\%e %Oﬁﬁﬁeﬁtwml\’% %OPJS?G%%?(SVIH@ F?ﬁ%ﬂe&%on@rmoil

S processes e preparation o I of ue
omplda@meﬁfass inketram3pertdtionrfugls, ovcldesjef afgindfacligisedihe engine fuel,
conversion of biomss into fuel. In preferred

edBdAiCHE §80¢ f¥id i nventive processes provide for
direct p£gaRY, &ﬁﬁdc?rﬁ\erl‘?tf tHel 19\76%196 Bfo@%%rﬂpﬁ%@s the Followmg steps: (A)

transportation such as jet engine f

gasidbinmeg dwgmmldlyfdudysls amel hdldecs@lomesﬂgnorferrﬁ a @rodubnstmam

enmbodi.nent ,. the i nvent] pr.oces ri ses

f SPBVF A dics E@ty Aée frﬁeﬁvﬂrraﬂhyn@m WS ST ﬁ%rplarlg}% glyegigl (B)
apbifiinthe cz?chl@ﬂ@%@o;iy%eﬁé@fomoﬁ tRE ﬁgérpaftty%rdesﬁi&ﬁqmrhﬁa Pfdduct

a free fatty'acid and form a by-product stream

c stigani sompyighy erer-elkan¢:RNdHED berfariminge e erl iperiegeforming steps on
gr%g)(% gl?ra]r?et sltlpegmotg forrr]r? afplrroed%ct S rea1¥1 c%%{p%sﬁltgraerfal&t&rg 0% ﬁycﬂr]ocarbon
compounds selected from the group consisting of #-alkanes, isoalkanes, aromatics,
and cycloalkanes. Preferably, after step (C), the hydrocarbon compounds are in a
combination and ratio necessary to form an overall composition useful as a
transportation fuel.

One or more of the individual process steps of the invention can require the
application of heat. Process heating can be a particularly costly aspect of many

processes. The present invention, however, can make use of reaction by-products for

process heating. For example, in one embodiment, the inventive process further
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conmpounds sel ected fromthe group consisting of

n- al kanes, i soal kanes, aronmat.i cs, al k S. )
pﬁ%@@%ﬁaﬁvova@%?ﬁg%%p@@fﬂ e %y%ﬁr%é&ry%ﬂa r%ﬁﬁ%ﬂﬂ%ym step
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over al | conp05|t| on useful as a transportation fuel
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i nventi o C 0 eat. Process,.
SRl et et P8 §o st iR e T s
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use of reaction by-products for process heati ng. For
ekegtpeduclihgs bern ispesdiodent , the i nventive process
furthe e C i. O .
oy cor S SRR ABERmERSIRL nﬁ% By YRR L BB SR R sbRaises
glinteeliuoing ase lapifli¢eiorhas 11ﬁlb ml@bﬂ@om;gl afta teaexst cupay introduddig water
t he process heat. Since ycerol is an unavai dabl e

bye%xrt%%@etof &1e eROnSRlvBN yaé}idél%tfn& the gragtasy Perderably, the reactor is
CQBitad \?de;t%?{l \le/{e%,ltlg’g g‘f bl gby G@Ecpébofupﬁ *CuRfth g?ééklﬁ% k¥fficient to

cost-e sour ce. I's only according t
t peevpntebe niatar v treagtor ftdmmﬂgﬂung foastecatthe use of
gl ycer process heating

as el has been ) )
recogni s GtV SRR R P s Offalﬁe KBV PERIP DN Qerfgrried out in

t REAERI cnfBOAIRNS | Bortk &R pROMSHe B0l HhERAUE bﬁglyhg Beoxygenation
lipidic biomass into the bottomof a reactor colum,

i Htep compiipRy gaspbascrisaxygehatiqno pin@ﬁothhleem@w@mgmt thelcatatytic
and heatin r ctor . S
hQS‘?Xe‘/&e‘F%mg %eé’ﬁﬁg}pgﬁfﬁ équé‘i‘p Pg%% ﬁf‘ta%‘@ d%@‘% boélu“ta“é‘iﬁ’o"“t ma
OGydraeabosdv &l S M Both Uhibogin®ts, tHe daf@Meiedtih Fre\fﬁrhlﬁ!’y alnidble

the reactor fromflashing to steam The cata
dawdlgeshes nﬂlaﬁt@p Broxygenitiopean jalse pprased by H&!itrrplﬁ gechanisms.

CALEAC Yk Y5 U5 BTSRRI RAATT ok
C onpoilisest, gasx ypkasondeanygendichidonylktioranot her

enbodi nent,  the catal yti.c deoxygenatl n step.conprise
| i qU| al %%é@u@a@@p@@mgoca@@&y Heratalyie %&me@aﬂ%w Prgfergbly

Sﬁﬁpﬁrﬁ @@k%c%fﬁon sbf’veﬁptlﬁ sﬁg‘?&gb bt Edts, thi ?Te‘%%f Slllrr\?/eﬁﬁon

use I's pref a nob as pa
Degxy genadds cardlsimntlaet lsezneﬁt olmgedidwyarnthe mrqsbm imemhian rshges the

I n e enbodi nent, Xxygenati on co

uaR O PE ST or T BRortion SE R aR s SarRnee BB s  on
CABPY g§1@a310§1%€e%r k’l@l’iﬁ/ﬂe%\}e%& n- hﬂkaﬁ@ﬁréaﬁﬂéﬁh@h@l 'B’eglﬁsed as at least a
enmbodi nent e cat al Zytl C deoxygi;natl on is preferably

c apwtioadf dhet hyidrocartiopcobieat inorhisloihediquid phase eatdlytic deoxygenation
ersrtt%B (%SI &?’r%c? C)utt hﬁnE SG%Q b MY & I1501{]egates the need for introducing a

separate solvent, and it also negates the need to add costly heat to bring the solvent up
to the reaction temperature and avoid slowing the reaction process.

Deoxygenation according to the present invention can particularly be
differentiated from thermal decarboxylation. Specifically, in certain embodiments,
catalytic deoxygenation is carried out at a temperature at which deoxygenation does
not substantially proceed by thermal action alone. Moreover, catalytic deoxygenation

according to the present invention achieves a conversion rate that is not seen in



again provides a distinctive benefit. In particular,
the present invention realizes the ability to recover

w@2envizen of the n-al kane stream forned i n t hBCT/US2007/086023

10

15

20

25

30

catal yti c deoxygenation step. This recovered n-al kane

stream can_t hen.be used as at | east, a portion.of the
hytﬁnaaléf%rhog P%waﬁtwumﬂwﬂﬂepﬁaquw b tbﬁ&‘é@twn temperatures
C @bl akb@ias N IsRahk AR csiGP IS carried out. This is

X :

beneficial 1n that is negates the need for introducing

a sepailat ecfeuhmgntep od it invendivs pravespatap somipaisq@admber of separate
add ﬁost&y heat ta bring t he solyen% up. to the

r SHEHO B FOL FEEPREYP &CUHA SRS ol ﬂ‘&ﬁl‘Pﬁ EOMBERT°GH O more

PERAEESFect MM JRNGOUP BordeRiRk @f APdroRohlREzaHodS Bffrocracking,
invention can particularly be differentiated from

t Helydapcygbesionosnd aematizatigpe 8 fpiceidiciopbord inends. refprming

e I S,..C | Wki 0 j Ny b at
R S R R R

s filnstiandl icahpyngit acd @ptibyallyhed aaEticaahdtvnakbdodii@nent. In other
Mor eover, catalytic deoxygenatign according to the
pFEeagimenty, EHRTNYAE SERPEYFE gheause Sh{E? 8F BATS cagféreph%talwé&

NRfiors \ th@gegﬁf eagt?(ﬁfélrilp ek kin stﬁaaéahib%%lag’feld%umet'ﬂe same
carried out at the reaction tenperatures use
acaotodion(n diffetchercpctesse i ccornegly i inone Thdodiefeot, mfogmmiep

gfgﬁltgglgfelé gyfgg%le%/cgwgrcgc ¥ SOélg %ﬁ%@q&%tsog %I?d[ %ﬂ?n@tg‘? arl se%fond reaction

euherdi B8NSt 1da§if DcObM sGRAPRE k@8R r OMRyL FefiMKifg ShPBSmprisc

sel ected fromthe group consisting of o
hyelragitigries i-abano sircany ttobraekheor, rebeninrstioyws kxddirehing the
?g\%% S{r (g)lgget rlteﬁoagmt I}'Hogns't{)e!ﬁn 3 Igﬁ%!ltgllygg&eogﬁ% gllfs?F nt fé& ﬁrqc? Ih% MBS second
P&k M §tal dnotie® BRbbsiefend rét@ingfdefphis@nafirsE R Akried out
and, optionally, an acidic-functional conponent. In

ofthefirsé rsetrmeteeand feetinnrhariedcayit ¢ seoend rpepaigie refetaryind at
OficaQPf t%irqlrga{c%{)ﬁ @gm%ﬁtoﬁ! ¥54 FeastMONGE Vs%gara{et}gac%&p aAg%IS the n-
reactions In the reformng s%ep cah be carried otit in

t hkkas@sEaneamtersepdrated itlb flire¢ entorea@firmigs streams that are
Accordi ngly, in one enbodi nent, refaorm.ng g}gn‘gr i ses a

f PREFalFlY AlEertsth A G BEFCOEMAATAcors sp othea smapdigifgisathe reactors
| @&%be Aighel NS s&rRISHLMaCAfifst ?e%tﬂﬂ% be.dﬁét ste@flis Brmed in the
second, Separate reactor. Thus, re of m ng can conprise

s épsireactargnd hecpedsliki@rke stcordimactot @htmwe seromiore®rming product
reform styeans and directing the two or nore

r SFEASE ™G eans separately into the first reactor

and t hghginJcaast is%ﬁ%@t@riﬁ&ﬂﬁ BE abillify ftiskla BRRMdIfeedstock and
enbodi ment, reformng conprises a first reaction

c arrpviced spagtfid tranapdritation fudacinopecific sebodidnanésadtis anses from the
carried out in a second, separatge reactqor. and at

3R PR ZaBRReT ot FREHBEeomRLR repfBfneive of the types
t BF eshpsigdavaid haaaipdomm@dirinspbAgidhuklaNEhs téeeic6@Bination

be separated into three or nore reform ng streans that
apid ratio can be achieved during the reactions of the reforming step such that the

reforming product stream is already in the desired combination and ratio of
compounds. The invention also encompasses embodiment, however, wherein
multiple product streams are recovered from the reforming process, and the streams
are combined to form the final product having the desired combination of
hydrocarbon compounds in the desired ratio. In specific embodiments, the reforming

product stream comprises hydrocarbon compounds in a combination and ratio

7



separately directed into the three or nore reactors.
In other enbodinents, the reactors can be aligned in a

wa@essaes2such that a first reform ng product stPERDS1087/086023
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formed in the first reactor and proceeds into the
second rea{:tor where a secaond r

form.ng product stream .
i §_e‘feé§a1fﬁé89. OFREM G M PBROPEOR HEGY é‘rJF‘zf‘é@}rt?&ﬁ?lh% £asolne chglne
alpid i dr¥ diclSfyifk 1‘*%1@[”!’?‘%@&?a%if)lﬁ,| ROSHerANEbrAIIsioR BEmed is
specific transportation fuels. In specific

entthintielly glenti¢nl $o thcicowstefpan petrpleumbddrivey traaspoghtarmiucl.
the np-al kanes intop.a yvariety of. conpounds )

S B SRR o R Y erBot R in SRR oy cauried b
cggdgmﬁelg,ragagaﬁlreﬁ@dnyon fuels. The correct conbi nation
and ratio can be achieved during the reactions of the

r ef or niThg PESE iBYRRHOR Hetlsa gharactrigrerbn ropmbdlifide asive ehibe

I r l ) I l. .

SRt Ay AR RT L BB EBhR Gl o rocss
hoWh¢dniveniibe eehibitarad dvepdlBerer @deffiticaty ePdrieadt £bout 75%. Energy

recovered fromthe reform ng prqocess, and the streans .
afHicegsBicaRbe sdcy gedns His loverdicapng yrlug ohihg ipFryiueerbtransportation

art - £ .
dglgl pg% tH0 5 BRAH95waf hégﬁgg 098¢ Befe %gdsqgmgaaﬂtg ald e total

ratio. In speciftic enbodi ne the reform ng
peoagy inpsit mg@theqpoogess.ses hydr ocar bon conpounds in a

conbi nation and rati onecessary_.to rman eral |

conpos: 1P G RO HDCSS PEPVT &S PR G e ! Gt huoueh
eRGARRib ST 1ipi@ oA SRlch 808MiRR1 faueheodtittd 6112RhY alghdBpids. In
overal| conposition formed is subst an%l ally identical

t pattigelas dhmlost gat anipet fab fusistecdfervicrcethes thermgpoary arddmgtion cost

fuel . Furthe bt referential f the steps pf the..
PR dabric BEREl fitbih o Ye i FudbrhE aff biBrian
s equeptiiatdtions gaﬁrﬂ[}&%q&ﬁre_d foy pitic@ar fypedfSels. For example, jet
characterized by the ability to arrive at the desi re(i3

f diegl pramaeed aseradig tefhic lpyention indmenablettn @g;site fud éharaptarization
e . (o) : i .hi

STRPSH TR e B 8RR b QAP ERnHDLBLAA 90
Epsipgiedeattdrdingne yhedarenien pedviddsahechoagy ddsity anecold flow

heati ng val ue of the produced transportation fuel over
t REOPSTHES 5391RE 19rgdenaedbtisgushpud -1 ¢ Hacppgtcasiy > 44 Ml/kg,

rgg@&@gtfﬁmgggjpt@ total energy input into the process.

The 1 nventiv cess provides an affordabl e source of
bi of uelAsiother beygbeneGnofths irenoén Isithd diiquddivemgy proyited by the

as. aniyal fats, vegetable.oils, .and a e lipids. In

o e s e g T OBt i RGPt e B Rormass foldsock
OKEMBAIR NI FRS I WREY alBh@gf&ldeodnfeGd%%ckcﬂ'ﬂa?ﬁrroxfrﬂaﬁely 1.5 billion
bi of uel s. Biofuels prepared according to e i nvention

agellaisseaciorid Uant Hawever sihe édetlbtoelt isanere devsescaknd the invention

jr g% u{lsreea%yfb(i)ormgsgrs&ilr%g lcoarﬂprtisxgge grig(fyflceIViHGGJ (%‘othFa%E*ic%uargPolre’
aquacultural). The use of lipidic biomass as a fuel feedstock is further beneficial in
that it is generally independent from weather-related uncertainties that can plague
other biomass fuel sources, such as sugar cane, corn, and the like, which rely on
conversion of carbohydrate-based biomass rather than lipid-based biomass. The
benefit of lipidic biomass feedstock further lies in the robustness of the fuelstock
supply, with the much greater geographic diversity of animal production providing
greater security against strategic fuelstock sabotage, relative insensitivity to weather

pattern changes, and lower susceptibility to crop failure due to disease or infestations.
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fuel prepared according to the invention is anenable
to on-site fuel characterization and conbustion

WO e@Bi103204 0 maxi m ze iterative feedback. More PCT/US2007/086023
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particularly, jet fuel prepared according to the

i nvention provideE.tPe ener%é dgﬂshty and .cold fl ow
priofert VeSS EQEIPat® Griafigps @ gidie bioass priegican s oygogme
(()'gn@e theSFNAPRYIREDS blobess Aft bMUik8ed REcHiRndddt Q\gh&péﬂgiomass

Anot her key benefit of the invention is the o
unduyoeindi gisers locytiqr. ollivdeid ishyfear et tioirdéass bf drgsssent invention is

feedstock. In eci fic enbodi ts, .t | ipidi.c,.
SIS E" pisshSraBieTR i L RS RARR BHTom ot hiogss
pr&ditdek dhbradht ded ntkts Xichedngl Herhidal Righiré@éhts of the
gal l ons/year in the U.S. wever, the feedstock is
mbpisicdliay Bres whilg algo pryidipng amppiomalcdficigaey andysctpbitiis s
source conprising triglycerides (both agricultural or
aquacul tural). The use of lipidic biomass as a fue
feedstock is furtbeSCBEPEION O# THP DRAWINGS s

general | y. i ndependent. from weat her-rel at ed

uncer t alatiedus deaeriredrihg inygritong sperpl totas gefetzape will now be
S I : ,

? S Bt By TR O Sy OPER moP el ABl drkin (Rl and
r sthesin:t han | i pi d- based bi omass. The benefit of

i pidi i omass, feedst ock furth lies in the . .

Fobust Ris] B ThERf oS Tk gy YPiGR PO ofping process for
glﬂf‘e%rgﬁar&?&wﬁ’@élb Groff MBASHy of animal production
providing greater security against strategic fuel stock
sabot adj&(. 2 slaalowehartndestriing thetsjeps dongbrschemvpestanenfipidic

RIS S0l HEEGRU b BB A5

geogr apiG CRs ava@hptadioNiSg 1he ol Fhtek £cidtOTRESoIFroERS o€ 84hola oil
be overcone since the fuel production process can be

t aftpiomdareosn etbenimbrdobst acprrdparto one pabedigsnt efdhe pvgntion;
gi ven ' v & l.ear p

The- pr E0gnd Mol bstrolile & sk 8 pd NI B fhways for
pchahg®igQ, sdatty avidspiatd fatispn fuel froma |ipidic bi omass
feedstock wherein the fuel ets all physical and

cheni cAlOr 2B %réwkb%hu§tr%mgtth£§l§ftgfqnﬁ% Betaech yagataligede

al i di i [ C i :
e o R AT R i RS Rk LAl gordine
i hvemt ¢drobpdimegfedi¢hcainvergions, reference will now be nade

to the conpanyi.ng dr.awi ngs,, whi ch ar.e not ..
necess 51§ SR 15 dRRig, - RERBY S AN PRIt af segrig acid after
S @ﬂ@&g&hg ch8RKiB %@&ﬁkhafb_ncafcc@fdfngnb 68t cBSEMRNT &Fth®iM8ntion;
process Tor the préparation of fuels fromcrude oil;

FI G 2FlQ. aisfa gragihshowing thedetelednmgrsionepreduspsoifstraric acid after

d hﬁ&e‘%fgoi%‘gf @thfyﬁlc %re]oglfgerllalltpolndalcgording to another embodiment of the

invention;

FIG. 8 is a MS graph of the products representing the aromatic peak shown in
the graph of FIG. 7;

FIG. 9 is a GC/MS chromatogram of the reaction product of deoxygenation of
stearic acid carried out according to one embodiment of the invention;

FIG. 10 is a graph showing the deoxygenation kinetics of stearic acid and oleic
acids in H, according to one embodiment of the invention;

FIG. 11 is a schematic of a typical isomerization/hydrocracking network;
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bi omass to a transportation fuel according to one
enbodi nent of the invention; FIG 3 is a graph show ng

wo b@sfiores fatty aci d conversi on product of canPCEHUS2007/086023
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after undergoi ng thermal hydrolysis according to one
t. of the invention; 4 1.s a flogc

enbodi S ar
i || ust @31 lrgis & cOpTRRiPsFaBrshping tﬁ% Eeactignprogpct Q{EWE’% hours

f elacGBRNB Y a %ﬁﬁh?%r@%gsd&cbmﬁg b8k 3mbblienPof the davention;
graph illustrating e difference between uncatal yzed

deoxygé&hat 1o adFCI R ahiomatagram ahewvingttld seaettbn products of a

de enation of stearic acid acgordi to _one .

eREBHTRE Ao Shetiiearr it R e By aBR e howi ng

t he n- @liganeis %(%ﬂéiﬂf shoQihgdthe du®bn @limbéedbtiibui@si 6F Ddds6line fuel
under goi ng catal yti ¢ deoxygenati on according to one

erbeiichefier ofc hove of barebydatreatingaceording o graisforsieg ng
t Ig%bga)itﬂ?elnt gfoﬂg %fv%bfwn %rc% GhiSo otfo e gﬁ{rlb%ggﬁ: Iofl% gjptlced[ regular
unaergoli ng catal yti c deoxydgenatl on accordil ng

anolchéyd @rdladi smht of the invention; FIG 8 is a M5
graph of the products representing the aromatic peak
shown FHOt hels grogses 3w peearding tqprs cngbqdimgnt@thggnvention

g?ﬁ% gggmg%sggg?'rreacti on product of deoxygenati on

stedric acl i ed out according to one
enbodi nrent of the invention; FIG 10 is a graph

showi ng the deoxygenat.i ' [ earic acid and
oleic acids in H acpwﬁ&%ﬂgﬁkﬁﬁéﬁ%@mm of the

i nvent MR invehon Adw il Be A6RETBI hfé)r@fullz heddPhFRE through reference
i soneri zation/ hydro cracki glg‘ﬁnetvvor kiFIG 12 is a

c It various gmbatlistenis, ard pardculedy in rogarg te theatttecteidtfiguresh ridigse

hours . reaction ti [ r.ef,orm n cess accordin

¢ STBRAMERF sty ReotdG o Ml tfis g RHPRER »HEPE ora g apigie. and
C kil f@tyoehasy Sl@vbptdbitheinke@edn t0Rhddt QRUEHE $n BE adt. Indeed, the
reform ng process according to another enbodi nment of

t Hentgiemey bp cmippdied 1mmpgy diffgrens Forgrsnd sboulé aofche eeaprucd as
n hatri ' [ i -
oHIPRG SUBILASR, 8 GFaRRTOh AL UFLBBRE A Fovide
r b dranihigdiestbat melhtatisly dpptichlily Righl @uirem @AY isdrin the
the distribution of a typical regular eaded

e, %3 e 2 3

nl )
g8RTiGaEon e irfhe appended chige e Spgyal fg?e%r%ai, nd"'t thgndnclude

el IR Ol EA%hd QNRRE LRR1 5 BRMADRAG NPT OCess st ep.
TAI'LED DESCRI PTI ON

The present invention provides a process for the preparation of biofuels via
direct conversion of biomass feedstock. The term “biofuel” as used herein is
understood to mean a composition derived from a non-petroleum biomass and
comprised of a mixture of hydrocarbons in the correct chain lengths, chain
conformations, and compound ratios to be used as a transportation fuel. A
“transportation fuel” as used herein is understood to mean a composition useful as a
fuel in internal combustion engines, such as commonly found in transportation
vehicles (e.g., automobiles, airplanes, trains, and heavy machinery), the composition
including, but not limited to, a composition classifiable as a jet engine fuel, a diesel
engine fuel, or a gasoline engine fuel.

The inventive process is characterized by feedstock flexibility, high process
efficiency, effective utilization of process by-products, and the ability to deliver a

biofuel that is substantially identical to a petroleum-derived fuel product. In other
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The invention now w |l be described nore fully
herei nafter through reference to various enbodi nents,

wap@sped2vd cul arly in regard to the attached fiPUF/@E82007/086023

10

15

20

25

30

These enbodi nents are provided so that this disclosure

w il be thorou an ompl et and fully conve

t Rordy ﬁ]&éﬂ%@ek %E wﬁ@%el%sp C?fﬁB%lgWé i fhe gt pationgcdessary to
a%ffectlvrégﬁﬁ%tldﬂﬁ th B m%eWth@%eﬁﬂf%ﬁQL&gwb@ fUFRM the process
different fornms and should not bé construed as |limted

t of tm@r@nbtadvmmnstr@étceﬁdastdan trecenverted & free fattylnewsle (FFAs) by

IR R R G PaS] iR Gyl Pisiedy 2SR Fpthoo

S pectiki $&3 inQhe nﬁlﬁﬂsﬂeﬁ pI’d&@ss%ﬁ&@@ 81 FFARI foBusetii €urther process
singular forms " an", "the", 1nclude glura
r 8By e hiasFlis @aélsth@rhbe desarhoxylatadd depyyasnetednescatalytic process to

félf'b%ﬂé%eﬁl% n- J]pﬁlepgo%gﬂb%dgl@ég Il%nA ka?lwaﬂe 1?p &51831575 ?tbenresultlng

preparation o S via conve

ofmikiueneEskdneedsil atideneshleen be hyﬂrobbﬁhéﬂﬁéd / lﬁyﬂrdwa&ﬂied to produce a
herein i s understood to nean a cogg osjtion derlved

f PURIUE PlorRalernedlicurBicBermakansabe tkpagsq The nyixture can further
mbé ',is%ﬁfer&%d hygraG a8 rf‘&g% BrohfABicS gﬁéhe&s_ttoﬁﬁéﬁé ﬁbd fa?iﬁ{h Rnes, or
e used as

chai n conformations, conpoun ratios to
acyﬂanépnﬁtmumomaRW$m A "transportation fuel" as used
herein_js understoad to nean a,.co 05|t%pn useful as

fuel | NP RESHAN CRDOLERBAT S AYPRE LT tas dFees OB TRsHpIs with

f ﬁighcfréerfaﬁtyr a8 féQﬁtEﬁ’ttlh@rh yiekd &t I%fﬁr&c%r%nacoﬁiﬁbﬁﬁ&msleﬁﬁ as fuels,
alrp anes,” trains, and eavy machi ne

c@mqbgﬁgmg ]et)fuei pﬂ@ds.]d amggasbhne n@tls frpm ﬂe@cétqchs sach as agricultural
ition,classifi as a
GRRBRTE b G REn T cah P o, SRuBih it g AR FiStops B aleac).

i emg% s Q6 fBts] ﬁldc\hm@g:ﬁe@gel &8 duon{@edsth @¢mbination of
flexi |I|ty, hi gh process efficiency, effective

utinpidzadigarrous hysreersbensdy- rigauehosnica mechpsmpinciuding o

S5 LA o S e T s

bihefdigdenidsvdlopdiad vafyingd @@3@@ tfoweoop aindpart A ubéral ﬁﬁn@uch as
necessary effectively functlon in the s

r at i 0s t
ilp e.qlese @r&‘étﬁ&% ib 3ol BpsStRAGtorsimply nigr dgkchopssc %1@ among
oknéxbﬁ c%&ﬁ oéégél nth'l Sfher %chﬂl the ﬁ{e;rg gést%ﬁ(%r%f%uch %rocesges does

converte ree fatty acids l'ysi
t het Ighd/meanadvemfiprrochss forgmepaning eaxstﬁatjfumht léatthcran ibeecessary to

ated, so that the_.first st in the nulti .
o P Bl e e OB PRI E1set el 1o O WREE conditions

Staﬁdpﬁre pR‘s%ntF tO8cs§ ?srlntfaﬁﬂ’e Be p£le 5B tRE ﬁqh{y to recognize the

deoxygenated in a catalytic process to produce the
n<aick aprebivetieresipyncishgiepoandtbe FRAL edakijon mametgrsompful to take a

FlnMI £ resul m xtur e q} al kane gl
BnoinldF ol bieBad i ) RIS RE e produet
p"w‘l’(éﬂféﬁlt@e asdl e ediedel,ij&qatikenastHcr c@mbusbﬂb?d“ﬁ@lei@rmed of a
al kanes) and n- al kanes. The mixture can further
specific combination of hydrocarbons.

Since there is a tremendous investment in the current transportation fuels
infrastructure, for any fuel to gain mass market penetration, it must be compatible
with the existing infrastructure. The biofuels produced according to the process of the
present invention are virtually identical chemically and physically to their counterpart

petroleum-derived fuels, thus making their introduction into the fuels market

scamless. This is highly advantageous over current fuel alternatives (e.g., the gasoline
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be isonerized / aromatized to formaromatics, such as
t ol uene and napht hal enes, or cyclized to form

waey@Boed2kanes. The present invention particul ap¢TUS2007/086023
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allows for the direct conversion of oils with high

free fatt ontent. intpo a bl.end. of. hydrocarbon

c BHTBREt la@@buwﬁa r?weseng}nﬁmﬂaﬁe Igfgiop der %@%ﬁnﬂa g @pd which
ansh g@@&! luﬁ@s &Adl Bad d1R f%?@%ﬁﬂg%tha%klpﬁuﬁsoe transported to

agri cul tura crops (e.g., soybean oil, canola oil, and
pdistnitoition poamlascwetut @arrlcrrbﬁpsusé of gthandfsglaqusceme ngtpre and
crops nimal ., fa be conver

© iy b oS PRAGING Pleh 49hE LRGN REns BsRidifig o the

V pidsitSnenEth dads e et SHm@blishedeHtldMOnew distribution network such
transesterification, deoxygenatlon pyroIﬁS|s

c &t BPyld be nepersymgh sl diFrptves sedsasrimo élerdrogeg and the like.
d ?1\5?1'6?, Qﬁ% eﬁr@paﬁ%f e?\;clcgl%m%a ﬁee %Veﬁ%}@@c\ég rbb dgrrgctjgé@&?%lgﬁea 11|1t{3 the

usert u

| 8xidilg Piesbubibenétorosi 4 qonphdikledndtichamsaini-dernafosigy
known chem cal processes In other words, the nere
exi st efifugls PEGRRrs ﬁﬁ%@%é@ thfgueseAbINVERIE al%9 G be customized to

i }5?({\9&6' de@fr%@ﬁﬁalﬂf&g e[ﬁ"t?&@éfrl kl‘ﬁ %Sfayéouﬁlyﬁle 2b&A f€{ors that must

I'S necessary to ct conbi nation o
pbo cessdrsed i mepaemgcatspmﬂe fuell tgqber Fepecinijile, jetdndi(fétonslet A-1,

and rese r is ipventive in part_.because

B4 % Bl iclla BN BES Bt e BN EOhtS e B REF hastratgfa
prb%@aea HafPAkAHE drHBatosasld &yRRMAINaAL. REIBEEERNS1cHSEE Bl 10 to
to take a commpn I|p|d|c bi orrass feedstock and convert

i t14|amf(vp10hle Ritrel quadddrivstl jgrfadls c@ntalmgpmmnat@lyki@% aromatics by

gas iesel .. jet fuel .or an t her

TRk oG Pscich St tisRub AR ORoF R bisdeBlapgater i
SltHbC@;hhllib@ aed hisidRaltjeeMendous hh%/l%weﬂ&fd)fmaltl@ cbitentC HdweAler, due to
transportation fuels infrastructure, for any fuel to

g#horelaniayBeranlk ét thedefengiaes. grpmatics e Taed asoigsassap t provent

mt_%e(t}ﬁ%lg ogﬁé %%ﬂ%g 't}{%[rgb?hc%ﬁ%{f% gfeeg lseao{' e]itﬁ‘lh%]; lﬁ?%hsentergy density (by

| Aegihlt) and gaoe cuidrflatabltopettide atd aalcalctoe st ﬁadld y and
physi cal.ly thelr count erpart petrol eumderive
f uel s, DipH5IUehRiCABPPIS Ity egﬁw%ﬂwrim%r P Méqssl fuel is

ﬁ%ﬁé@%teﬁ%@;ﬂrﬁ%@a@ B KB K, REARS FARQUF: BHE ot

current nati ves g , t he

gaswlcnnyab tetorighity en ednhpmsﬂu)n Mbiinch hexeglietane (egtgnenes assigned a
i fi r bst ant i use, and which cap .als

"2 Rk &t 0 el g a@aesmﬁfﬂf@twépmﬁm&rh&g? fayger

t RpsPdied. t’[% ifipsdviel B IO pRYeREeS, DreqRREI Bt arf A KieBiher diesel
because of ethanol' s hygroscopic nature and tendency

t buchizstoards-afétsanadepn §ietatic ﬁ@dﬁded infroduping sosreewaidhed alkanes. A
blona ent %R¥ ti on does not

C
réﬁUﬁ’ egm?d%%ﬁgﬁ%% ?ﬁ%ﬁn w% ar uti on network,
such agawslideds bem Sﬁa’iﬁl‘y OMCL T f ukhin@l 1s8HIRAtds VARl aromatics.

> lé}%lgolﬁlsé 1se tcllga?gc?!crlzed o y Oc e?nne Nl?nqgert \Ijvﬁlclhllsk a measure of the fuel’s
propensity to resist auto-ignition on compression (and hence fuels with high Octane
Numbers have low Cetane Indices). Branched alkanes and aromatics have higher
Octane Numbers than normal (linear) alkanes. For example, iso-octane (2,2,4-
trimethylpentane) has an Octane Number of 100, whereas n-octane has an Octane

Number of 0.
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Rat her, fuel prepared according to the invention can
be directly introduced into the existing distribution

woedosnoikoand commi ngl ed with petrol eum deri vedP€Treb2007/086023

10

15

Bi of uel s prepared according to the present invention

al so can be custom zed to.proyide desirable qualijities,.
par ti ot AP CR IRt 6 R D DB CREENE T GhiEical
t RafetipUStIcRA/ PO Bl _@&ﬁﬁlrigiﬁg PuSRHah Yok SRS HoSitibH8hd that
type. For exanple, jet fuel (Jet-A Jet A1, and JP-8)

i pravidrsdd|cacrgly sendifyatf &4t kddkei pndedeatcess svntdiamspegroleum-derived
m.xture of strajght .and branched chai n .al kanes .

B b8 S Bl R AP GRR e e R tehgiono 1P-5.
1QnkexdfpRIcE alcybrhfeal kinEled SudlogEETH-¥ &kho®h TaWRI B A jet fuel
contain approxi mately 20% aromatics by vol une, and.

t Hushingde physiedd prancBiss of 4P Barquld be expasted i bensct siomapf

p i . . roin-t e t. a i i |
oL B o iR £ RS e M R bR ch st
el astonmer seals in the jet engines, aromatics in the

fuel are necessary to prevent the seals from

shrinking, thereby causing fudiRbledaks. Further, high

ener gy density .

properties are
conposed prina .
fuel is characterized'BPR@pally by its Brane | ndex,
which is a neasure of itdrecthneel ' s propensi t27% o

auto-ignite on co i | hexadecape (cetane)

i s assigned a Cet %ﬁﬂa@@%&ﬁ%& and brglﬁc/ﬁed

al kanes and ar onat | enatlaipanbtidensave | ower 168 ane

Indices. To inprove cold tlow properties, as required

for an all-weather diesel fuel, a trade-off is made in
Cetane I ndex by introducing sone branched al kanes. A
LYRHBEL D 3 R PR O W3 b 88ion i o
| SOBbHIARAS to PrYEiderOJPES ific thaGakelsion ex dcedCiha hadb@lidng e eequired
by Octane Nunber, which is a neasure of the fuel's
pRefeEdag {8 Ut npilitars spesiitcationgni ti on on conpressi on (and
hence fuels with high Cctane Nunmbers have | ow Cet ane

I ndi ces). Branched al kanes and aromati cs have hi gher

Cct ane Nunbers than normal (I iTabkr? al kanes. For

Jet - A/ BiRrgy damity Conpnictid)g a dorli8avii/kgsoal kaned44.0 MJ/kg
conposlglgghglgm@tnd t hat provides an>?ge¢gy density of, %44
uc ro JZP :

kJ/ kg, pro es | ess soot than pe eum deri ved
and hagcesug peihent or i nproved l<oW/t’€nperature -48°C

Vi scosj dw-téhlp (RERNty @ 0t@)I P- 8< 8.0 centistokes 4.5 centistokes
Aromatic content <25.0 vol. % app. 8%
Hydrogen content >13.4 wt. % 14.7%
Density at 15 °C 0.775 - 0.840 kg/LL app. 0.8 kg/L
Smoke point >25.0 mm >25.0 mm
Sulfur, total mass % <0.3% app. 0%

13



One exanmple of a chem cal kinetic surrogate for JP-8

is shown Table 1. A jet fuel matching the physica
w@e@paoies of JP-8 woul d be expected to have BCHURI0Z086023

conmposition (i.e., simlar ratios of n-alkanes,

e 2 B e HB S 20 OB St Sy SRR o
1§1€qddef594é§bf£m&9$ﬁtaﬁlo%€on1&& B &%alka‘ﬁép{o@n&t all jet fucl

summari zes the ability of the priocess of the present
| nuapetties fsuchas ommfg:e Aoty nembustion guabivy, dew dergpergtufaidhidity,

et.s.or e s t he performance,r
s e R R B SRR AR RS, s FRDET 1 F O G ang flame
5 J E’pe%d}:U@herﬁ’ cOINERdtE ﬁvbp%rtlé\él dfith@fil detveftigdpoRbanethe PYocess of
Specification Inventive Process Energy density

( a0y ensiopipenticslangly aflows /f%gnzh@u@ [ VA[2TIERISEN T tb@ﬂcml lead3g
ol B P ool d e B et kB Rimy,

A&@ﬂﬁﬂkﬁw@&ﬁh&ﬂbMﬁm&ﬁ 0 vol. % app. 8% Hydrogen

content_ > 13.4 w. % 14, 7% Density at 15 0C 0.775 -
0. 840 W§F Progsss. Oféheempz@mpnmpéls FRC consesuveptepsp6l) ghermal

10 gﬁ%@ghﬁsﬁrof tﬂ@?ﬁéglc%?gﬁc%as pschtt ‘h@apg 1d%’@1?rc111 %rﬁ%foch) to produce

I'ment s fuel s prepared acco
i firce lﬁa:t?yumdst € chtabitigdieosygdagionablge decmb@ryflatmfn) of the FFAs from

aronzil z and clqalggges to. e t al | guel

orEBa kP aliings sad B gsouRing o jhe algiRY FosR step (2) to produce
q %J desited provhtRNREB RN erhfewréeésy stew% GRAmABLEd b tHeYlowchart
and kinetic properties, car bon: hydrogen rat’i o

anvidedrre Fipedd) . Chen1ca| klnetlc propertles of the

fuel are ve ant . and t e :
15§ vent o MR GuerBn AERRERERSILE Mo gy agias =
t ﬁi%lyé&ldéfbahtaﬁﬂﬁg bioadsd féedli}%dkﬂﬁhedﬂécﬁﬁﬂth@?ieh&fée of wiak to sever
fu conmponents, such as n-al kanes, i soal kanes
the bonds 1n the trlglycerlde molecule between the fatty acid chains and the glycerol
backbone. This step generally results in a product mixture of FFAs and glycerol
(GL). The overall reaction for this process step is shown in Formula (2).

20
TG + 3H,0 — 3FFA + GL )

where TG represents triglyceride and FFA represents free fatty acids. The initial
hydrolysis reaction allows for accommodation of a broad array of lipidic feedstocks.
25 In step (2), catalytic deoxygenation of free fatty acids to their corresponding
alkanes, the FFAs are specifically reacted in the presence of a catalyst. As described
below in more detail, deoxygenation can proceed by decarboxylation or
decarbonylation (although decarboxylation is typically the main reaction pathway.
The overall reaction for a decarboxylation process is provided in Formula (3).
30
FFA — n-alkane + CO, 3)

This process step can occur in a hydrocarbon solvent, and the present invention is

particularly characterized in that the n-alkanes prepared can be recycled as the solvent
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cycl oal kanes, and napht henes. The process of the
i nvention conprises three consecutive steps: (1)

wo b@sed20hydr ol ysis of triglycerides (such as PCEESI007/086023

10

15

20
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30

in alipidic biomss feedstock) to produce free fatty

3&%3616‘3(%5% ciio éllfﬂ?% %%gné%ﬁbaéé 3%0%$?na€18nr<b?rﬁolvent free)

Neal Kanss use@n‘ﬁhé g&talgfﬁé @5d§'y§&1aﬁ5n 'ireh%tlﬁn ?Jujéﬁ@f%% dah D designed to
step (2) to produce the désired product distribution.

Thesedqtho eédigomal ép@efa 0é pmah@iwéwgewlonh 6 hfsl Qawbh avattlcularly
FI G 1 I
or i Gelp fadie g™ & FPaben BRG] o

trigl y@@ﬁtbﬁ@)cthemadmaﬂéguﬂd&ﬁ@ﬁe?oﬁxﬁﬁ%%h&@lﬁs H)}S heated in
the presence of water to sever the bonds in the

t hydfojperrerigaiondlydeasrackpu (HEH ) 40d aremetjzagion.do reduee a biofuel
a C t r

i EQ%{;%@%% uﬁéet ﬁ’éd[ 8&%‘%&?& M&hés R-a ﬁ&ggs? gf r%laﬁ anﬁ%gélhﬁkanes
oRefahling @:ﬁild:tel a@Borhplishtdiiba pcmmases ﬁct\e pturred &ham prdferentially
Formul a ( TG + 3H20 3FFA + AL (2)

r é‘ﬁfléééﬁftab’st r Thy e} gactigndorthis ﬁtems @ge‘ﬁ@ei mrF@enfﬂét(@
acids. The initial hydrolysis reaction allows for
accommodation of a broad array of |ipidic feedstocks.

In step (2), cat atajitancs deowyllematt oalkefiesf ree fatty (4)
acids to their correspondi ng al kanes, the FFAs are
specifically reacted in the presence of a catalyst. As
dg$e kdfBRMinD &lcPWah Be H&ﬁﬁe&j &d Adcded Qﬁ%&h&%ﬁﬁé pfPeGtlkture of

proceed by decarboxyl'ati on or decarbonyl ati on
( aﬂoaﬂi@u@hn@&@am evophagics.cnd icyclpglsisaltd gchi¢rs thaingeessary physical,

Ctl he over rea 4 .
Rb bR PR AR el B Bt i S AEH ehln e goping fuet
Fl[SA)dactal 1k @B@air kB3 dindontsT FieSre IMGRSSpS iePadj@leP©GHE U a
a hydrocarbon solvent, and the present invention is

parltiﬁumfdmdyo%rb@n&wlem@a majotitare ispak#ncs (¢gngrsater than about
696\5 gﬁ‘t” g%%ﬁ BENRGHES 6’1‘)‘5 b %egggu't V%&tterQhMom #8% by weight,

I'Cl ency. s- eoxygenat i

( Ior greateﬁ (Haﬂ abdutf75eedy Wa'rgha,lbagbdkt&l ttis etkrall heighabathy thiydrocarbon
deox g nati on reaction paraneters can be designed to
pPYY¥UEE: t he additional benefit of partia

dehydr qgggl : eﬁ@rweﬁﬁbﬁ p%@ulgﬁ Eﬁ%%as'tff“délh C}Meﬂ{ﬁﬁ n §@he specific

form a anount uns tu rocar ons

( steps yscéillke aw):ntlalky teameﬁnm@l:%l) lipid heto acamlbmaeen ohdetrgairbon
reformn roi sonerization drocrackln
(PP g P e BTG B0 CBMBBA . and cortc
c em% it$ pRideEusd RS bloPtkl ”du%h Wg elogﬁsoihﬁ@ aJiKBBLS or bio-jet fuel.
n- al anes aromat 1 cs, an CyC oal kanes Ref orm ng can

b®thars baqvm dtishipebdi ta transform PHuBYS ffdlolutstich peiqusatiempts do not
praghlgxgeetﬂte Icoalllt{rc}fled efficiency and reproducibility of the present invention. For

example, by separately performing deoxygenation and reforming according to the
present invention it is possible to optimize the different catalysts used in the
individual steps and thereby provide the necessary increased yield of isoalkanes in the
C7-C14 range to form specific fuel types. Moreover, by performing the catalytic
deoxygenation is a separate step, it is possible to provide an oxygenate-free
hydrocarbon stream that can be reformed to produce a broad range of bio-based

transportation fuels, including gasoline, diesel, and jet fuel.
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using a catalyst. The overall reaction for this step
is provided in Formula (4). n-al kanes i soal kanes +

wo2@Bkesres (4) The reform ng step can be adj usPerusm07/086023
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needed to produce the proper nixture of i soal kanes,

n- al ka aronati cs, d cyclo anes chlev t he .
necess&?‘ﬁp “&‘éﬂnm’& h@ﬁé bengh ‘H ip that i?ﬁ& Pl fhg reaction
i @B&ﬁﬁ‘&ﬂs‘ %bhpars%?%érb@s%lg%%twn tbﬁpéxﬂﬁr&%ﬁﬂ&geﬁﬂgﬂlydmgen
product. In cerfain enbodi nents, the reform ng steps

apeesapsthe gracessprao de optisizedsio forver Bfc fhynartmoarfogstructures. For
wher ei.n the maj ori a%?are i soal kanes

e R A e P g R

e b fucDpreat®d fidhatheadaidrsiéR YT B biGhgRtfecdefock RIRE the
t han about 75% by wei ght, based on the overall weight

oEOReRE DFNGFtERS 0 BTPHALKs adaphiigacyioaaaiph thekyraticipgrameters of
I

R A e L SR T
lipid into a conbinati on of hydrocarbon conpounds in
the correct chain | engths, correct chai.n
conf or mat i ons, aﬂcﬁ”&"élﬁ? scisoplkpnesst rematien T aaphshepserul ()
bi of uel , such as bi ogasoline, biodiesel, or bio-jet
fuel. O hers have attenpted to transforn1oi|s into
f mtebmpr d:mbocﬁmehtsphepfo«ms ratdneas sadbe cmttrobled sehehithibe biofuel

Cont ]Inﬁkl,lg glﬁgrr} p?&%&t}m{r G @?9&5; kgllé%gn lagcrrpgtlcs particularly Cg
p%ofaﬂtﬁﬁ@snﬂ) H9eX NEAAR GRArARd ers OF Ha IR cRGHAE A5 ih atnooptlmlzed
the present invention it is possible to optimze the
dipfdcessetrp is abawvy belewius &drmwlai®e i ndi vi dual steps and

t hereby provide the necessary increased yield of

i soal kanes in the C7-Cl range to formspecific fue

types. Moreover, iy, Reahey M OPisbilRarkat-alryihbics (6)
deoxygenation is a separate step, it is possible to
provi de an oxygenate-free hydrocarbon streamthat can

be ref f e

tr ansport aconFEBPESS RepbORRrANE) Rk raftbnized v

J atilifanehctibhebypprededs. Fma@p&nas @tédlﬁlidﬂrelthbanﬁlfanei, pdepared
in th t by adjuséﬁﬁggthe reacti on conditions (su

bﬁcqoﬁ pg ggfqrgu}léé ‘iaér?ﬁé?‘éiclﬁdé‘é tléenlaydp(a%g?q fvent n liquid
Pgﬁés%% e?ﬁé%ﬁﬁ% de&&?erp&”ﬂgﬁ &R %ﬂh%o?@ttﬁé%lggé}i)f Fepared

vor t rnatlon of “ring structures. For e
[ accmalingithmnbﬂaj(Zr)Bbom canltve mecbas%&lepwlanmbe for th@abdye
contr.ol | sqch th H t he bi of uel produced frggltpe
cOTEPEY SrPBTUSHRRObIYHHES AP LEFSTHEIRENEPTRIE (PrRglow.
correct proportions of aromatics and naphthenes to
mat ch the kinetic paraneters of petroleum JP-8. Such
an optinm zed pro€eHs(MBDep 3-¥0sho¥Or h4FoPnul a (5). (7)
n- al kanes i soal kanes + aromati cs + napht henes (5)

Biomass Feedstock

The process according to the present invention utilizes biomass as a starting
material and directly converts the biomass to a combustible fuel. The term
“biomass”, as used herein, means living and recently living biological material, or
their metabolic byproducts, that play a part in the carbon cycle. Biomass as used in
the present invention is preferably derived from renewable sources and, as such,
typically excludes commonly recognized fossil fuels (such as crude oil, natural gas,

and coal). While such fossil fuels are preferably not used as biomass in the present
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In other enbodi nents, the process paraneters can be
controll ed such that the biofuel produced includes the

W@ orsael20pr oporti ons of isoal kanes and ar onat i BET/US2007/086023
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particularly Cs isoal kanes, to match the ki netic

paraneters of .sta rd ga Lne. Such t|n1zed
prVéag%n 4 egtaiy e@ﬂ%‘aﬁ Bgi ‘?}ﬁ}bi%ﬂ%ﬁé PR 13 eItE}Veéﬂf‘P@Qﬁ?e“san
CondlsRal K AE erteh @ BdotDolifds diRetly %é%@ﬁlhé/@a%%leﬁéls' or
further characterized inthat it can be optimzed to

udetivatiocs hasoi.on by- products. For exanple, as noted

above. Bttty PR eRES RRER B BlAaE Tt Sl f
I b&MEﬁsdﬁﬂi@&ﬁc BM@@, ey @r Flipide ceiRNNoRIRE t&dbnﬁio@ﬁds that are

Furthernore, the glycerol prepared according t
Fevlatinchy maglublsay @vateaﬁn@)eenﬁg@ly wiubde tnHwmpalar @@am@éolrmnts As

t t

agge 6?1%961& | pef@%:ltnlcl?lag fat%@é? 0'119 rhngéﬂgl(eé%'ﬁ@ ag_née%%&%gw

+ M2 Q)ﬁ(cYﬁcaBy olifegsinckedsiono glyifhﬁiep,rcﬁglesauc&s asigbicagddspterpenes,
the present invention utilizes hiomass as a startin

rRhephabDighndatd ledhaly sieptlydrifsacitre 2abd B es1d qytess- T, “lipidic
C ‘BM&% o @c&dﬁt’é@ﬁﬂg thd ﬂ%eﬁtﬁ%clﬁh&%@%&am?&% hld%%gra ABh&hTof lipidic

nmeans |V|ng recent IVl ng ogl cal teria
omatdyail.r Pnﬁ&raﬁi@ lumdlb}bmmmts «:bmpnsdsanatmayvlmqmma tmajjority lo6the

carbon ¢ Bi omass used.in the pres i nvention
ehaRR: &Y B Ry aanof Me s i aBPE sl Res and. e

such, fypictRlddenteaiHdrs tﬁ@lﬁﬁgfélb\forﬁ%@, Q& ﬁlecge frf%l@t'ldn is selected
fuels (such as crude oil, natural gas, and coal).

Whiopheths lgmupfcmgsmng‘ Qfe{egetable ogis,ednemalkiht} astalgesdipides Generally,

bi omass in.the

oSO BTl SRR BRSBTS RS e Ducrphgicagastions
Caih b&gdcdde iR iV dhik e pRIcESNINGRoRfr, &3MAMUAS reViERE  sburce of
recogni zed as fossil fuels, or deri vati ves t her eof .

piteglEecaides %m'sﬁuS@ﬁel@pmegoesed as a fuel stock in the
presen i [ i r

P ot oL IR AR LAER alGRIH & oRBIRR o BEark e/,
r eltidiighehote ittimd 5l0hhlebelaf1ng\@to@l§ hancbegr IMﬁh&ﬁbd/tcﬁdﬂtej fahé ahyisuch
nonpolar rgan sol vent s. used herein, 3@
i egaiehde piktssed Qimaadiut ol pul Qﬁ &Sqdemél@eelaweﬁwnd é? pddigon to these

CAURE %gﬂ; crogp ezr?lgfdlé bﬁ)ﬁ{ LY sourddRly ?@ﬁﬂ ﬂqg@gl%entlon include algae

nmonoglyceri yceri es triglyceri t er penes,
phod pthot atq]uiadl.ﬁturé artopy, aalvmbll"ﬂslssrategltc@mpss(suoﬂlals teyplea), degterial
and fatty aci

esters. Thus, %fi %@ic bi onass .
BTG THG: RO o BRL RGP BB deReiAifgecause
a jtCPRLWR Mor AL ubd GitHé EhdaBER bh@hosReadiBr ARlIXble kéerast@m@ at any given

bi omass conprises material wherein a mgjority of
time or location. Accordingly, the process of the invention can be utlhzed in a variety
of locations and is not limited to a ready availability of a specific feedstock.
Particularly advantageous for use according to the invention are animal fats,
which generally contain a combination of saturated and unsaturated carboxylic acids,
especially Ci6 and C;g carboxylic acids, and such animal fats have a number of
advantages over vegetable oils. In particular, animal fats are generally cheaper than
vegetable oils. Examples of animal fats that can be used in the invention include beef
fat (tallow), hog fat (lard), turkey fat, and chicken fat, as well as any other vegetable
oil or lipid. Lipidic biomass sources providing a majority of C;¢ and Cg carboxylic

acids are particularly useful in the preparation of jet fuels, as the inventive process is
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content, or the entire content, of the materia

conprises lipids. In preferred enbodi nents, the
WO 2@8ddx0bi omass used in the invention is sel eB€BUSINTORG6023

t he group consisting of vegetable oils, animl fats,

and algae lipids. Generally, any material, though,

subject to formation of free fatty acids via

hydrol ytic reactions can be used in the inventive

process. Mreover, any material providing a source of
:)Ir : gL agtlec{l arC ye ussfg g!nr COIl‘ﬁ:llJElng Euch €ta1Itlrr1]g rgagergﬁs% %1% Ea acﬁi,? mP?unds
bear i tpicatly orpsengin fidh trglg Bndmdhreekerdsena-t @8 Quebi Pinbledr, bingassr ops
have BgeR jrfdGftlalnlflict 2 c?;aé ?carb%!?ﬂm ISR a%é{o‘iﬂmﬁ’i%@%éﬁl'ﬁthe
oil, seed oil, or hut" oi be used in
i nvenbERIRON of Zasarnetinging lavatlh@goece% iy gnesige tsrmodlelﬁ%e
ot her particpladly el BNRESrtHQMICE @tSrtlhlgSﬁﬁt&ﬂalslt@a thtjemy aﬁ/oempduaa‘s
I ncl Ud %waé aee aunc asott qgﬁl gse%ﬁ 1n quc 1nven‘!1ve
strat €gi°c*Er'8ps as’ Baéterlgi ¢t'6ps; ¥ and
ani maprodesstegn adTmtz&eduBlm alcdkenaﬂrgevaaé ngstelﬂwﬂs{ae@dstmt e rials
i's benefi qh@tlse Qﬁﬁ)ﬂi‘ﬂ:‘%@orﬁa&s a@la lﬁQ%cﬂc el lthe%al%@en“ﬁ@en@ctn a‘isla Gllows
cheapest and nost readi |y avail eedstock at any
gi venfof § feervly of weaes which lapits étoatﬁae?g Pryl degrepees preipad Hocgs such
the i fwelhiroNMogar, e pbﬁcbsl% bazteetuaust fighchiGRltd etwe@taste materials.
| ocat | ons and . n
of o SRR RSl sk e aiub S ReuGhe gRsbise.
use aceoaoerdirngretioled fie, sikvaahdthahipids @ vahl ﬁcmlexaﬁlmtescoom fety
gener ﬁ!d@’eas%@ﬁk%@h@esﬁu&ﬁ%d%{ }o8ch@hs c?tﬁhé"z{ @EI%QO@E@S’[OC]{ in the
unsat urated carboxylic acids, especi al (% Cl and
car bokgeptdnvartiops Stilfpghes the presgnt irgmtimareyidipipe “%t’“%‘tih’ﬁe r
ofis adMé}ﬁEaﬁ&QﬁmﬁNﬁﬁs frUtﬁ%ée&;ball@m&lt pi8duclidh fRAltks. CybaAFoods, for
aEXn Iarr:gl xarnp %,fsrepgttteed 19 ?&)g al‘ta 1t rﬂcg cesggebﬁlbcténhpﬁgnd\é 898,111 aa? %a? pe(r)gfelar
inve an@Wel” nedetable olbaefaviilble (rtaa lainowsy of ahmqmﬁlatly ¢ bidrod) ,
turk eé’all&%tper y@zﬁd T&B' tﬁé‘lgﬂhg %mas%cml lfueﬁ%c]@ﬁXhe%trJg&ﬂ
veget abl e oi’l bl omass sources
provi HV?‘?‘@O%E‘WJ‘W atcgl/veefty fo_oralﬁ andeaufeea Ry Prevideqordary e
pant i GhlRbibhiclUEeigH kheldied: hﬁv@mﬂmoats loDiRe ﬁffenhﬁi f u el s,
as the in ive. process isparti or
convert i né’ﬁs 6tghac1d cgm]eom 1§n X! Id X s Pend%/ %H edfﬁfce éinﬁe these
conpoumd@nﬂwpﬂmatmWEQmegeﬂwﬁnmm}emmém@hsaemuw@ﬂheﬂm“m
ker OSEer ih YRSe f Wﬁlcﬁ proéhéytﬂqut Ycid p&n@eﬁﬁﬁ“%oﬁeo&ﬁlﬁlgﬁ fats and oils.
providing a majority of ¢i7 car boxylic acids are
particularly useful in the preparati on of gasoline
sicpce the inventive process, in specific enbodi nment s,
is particularly useful for con e) ing such starting
materials to a mpgjority of co %ds in the C range,
suc ] ] ]
t he
nas

- -5 1-3 - 2-10
bloqﬁ%s as a fu eIs§80k14n the preseng |qggpt|qp al §0.,
al | QW8
Tallow 0.2 2-3 25-30  21-26  0.4-1 0.5 2-3 39-42 03 2
Lard 1 25-30  12-16 02 2-5 41-51 2-3 3-8

“Linoleic acid; "Linolenic acid
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for a diversity of sources, which limts shortages and
decreases regional effects, such as weather. Moreover,

W0 b@spoxzeess can actually function to recycl e MBUS2007/086023
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materials. The process is not limted to the use of

Vi in materials. Rath the_li Cc .bi onmass c
f{hgpreéamrl%%ﬁ‘y&lpw gt ?arb’ enefigig na’flﬁétrachaméafa%the use of any

W the thiR%s 0B XQAPb s BHRKINRG ihatta®1ad) Qe@hﬁ@s%eo? tmﬁ@tehﬂg fatty acid
restaurants and fast-food chains can be a source of

f gettentock in the present invention. Still further, the

present invention.provides a ati ve to

Pt Cort i eHETBRu RN B i BBl PSPy dh SROSES one or
f aforé ptoces-stepy pEBr Mﬂ’&,m%%e ﬁéﬁﬁﬂ@ﬂ@eﬁdﬁ%@d‘e@@@esbﬁb&p%w
that 1t produces 2.3 billion pounds of animal fat per

y Sugh adgbiiensl piocessetrps am e @1ir¢célyan<éu%s\¢amoéb¢ BIOCESS he
E’ER%HE?T}?@ ¢ F&Bﬁ@’%‘ W@sf LY imo Blch m%ugs#ol Sdtegcngelé{ ﬁl@l{ehne

ormass’ tsed as a

pﬁﬁﬁﬁﬂiatdlylu@&hammfﬂwlh}td@dq%l@ Btep). din\Oelics |em)boo)1fm&1csc aakdiameh]

sources that can provide a constant supply fuel

t ﬁFQ‘f‘ﬁ%ﬂP& Hehgbiogrss et @?Wesarake@sgm@fth? H@CGSS of the present
The fatty acid conposition of fats and oils

depen s on the source. Since these are natura

producﬂmondémmmmmmnannamgﬁﬂmﬁdm;mﬁdaﬂﬁﬁﬁnb@mmmsqmsmubﬂy

as shown helow in Table 3 rov
oK i bl Ss B NE osch 2t o dheaf bty TR
Tﬁmcﬁag”e JoBbthfdek implabf atsec@nym pnﬁ»lawn%@f SRk B ph&PhiMdes, with
PoJy- psaturated wt. % C CC18 >T8 <CiS Cs Ci
>¢11®n®un( afid @r(qsfsn@@memrﬂe@elmem an theys af- @l @ed ampthgqnethod

0 2-10 34-56 .
37 PRmisng 81" 78e S ibaiiofiogpipsgiuiats Sy pRged fipm their
Latiek] thr 881uidéhsIbd-ri&an@ o2 hdibtiAtioh land-uBe B fd? oBlainiNg Rickhin. This

acid; Linolenic acidThe present invention is
pRFACREUB ETPedhiers pYeE degummingh £ smell peidiormed abesehatides is not

u ﬁgﬁi@t{léﬁ)ﬁ]&/ anQi]c regﬁgﬁls Ly gﬁ ﬁfTIIgecﬁgﬁﬁc%P ha%%ureeoq HRRE nﬁd&dhﬁlc{}atlzable

regar ess ering ratt
Ccphdphhtsdes! (NERY isabhcanplowdiynaedrshowdvet, smals&fhabe Slaywit thet they
i pidic _bionmss to undergo on nor e process ste
pEPIBYSt 06 CARt AR EnEHEIF 3 ofﬁma@qu RCigs-d8 é@éoporp ton of more

d%glrsu()@e e@ﬂ: Prﬁ’ae PR Pﬂ%%hle@ﬁlﬁ?@flﬁarﬁtl&ﬁﬁmfs?r\é&ﬁg fur

di rectl |nto ‘the process o he i nvent
(ichem, Indmnﬂl@leélqlkrsmidyé@G,l Avgsbarge 091, paguks Ipr dbegsal of
descri bed . he mredi.ately u strean1o

hyeshyerd ]é]ﬁ?l g e Probr B oAy e b Byizable

phosphatides from the oil to the greatest extent possible.

Examples of degumming processes include the "Superdegumming process”
and the "Unidegumming" process of the Unilever company, the "Total Degumming
("TOP") process" of the Vandemoortele Company, the "Alcon process" of the Lurgi
company, and the "UF process" of the company Krupp Maschinentechnik GmbH. In
many instances, traditional aqueous degumming for removing hydratizable
phosphatides is integrated into these processes, or precedes them. Degumming can
particularly comprise a single stage acid treatment (e.g., using phosphoric or citric
acid) and a single stage hot water treatment followed by continuous removal of the
hydrated gums in a degumming super centrifuge. See, for example, U.S. Pat. No.

4,698,185, which is incorporated herein by reference. Degumming can also proceed
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processi ng of the biomass can take pl ace separately
fromthe process of the present invention. In one

wepwedoirent, it is useful to degumthe |ipidi cCPGI/ORHSF)86023
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particul arly when the Iipidic bi omass conprises a

vegetabl e. oil, such 0 The

< BB ShamRAs Rradosrantuchp do ehd wly ¢ PHENNS Etotiig, whish
ofindBRReRBRhEERSy Widdhcthe anmpunt and conposition being
dependent on the type of oil seed and the nmethod of

obtalnlng the oil. The great mpjority of phosphati des
c S ated fromtheir mcellar solutions by
nggﬂgﬁ%¥ 6%?5???5??@5 and used for obtaining
| eci t hiMhe liphiiSbibAASLSRd hﬁth%%fr@deﬁsﬁé’f th®ird8niéH is first subjected to a
degummi ng. A small portion of osphatides i s not

B

hdrabitiegemecrsing pmﬁw tadotnhfreg, tmalmds THEe Einighq eigmass used in

T‘%e%?en%on fp‘e%m/&l‘i’eﬁ éhé{l%%t #at’saPJnevaﬁ‘g%?es Q?aﬁg gﬂlfﬁty and

i S not conple ave
t qaility heyrte@nshsy fa@fso@@éswonmmdteﬂﬁghzﬁﬁ iMiRtusal dffatqt acids, fatty
hosEhatlde acids, in proportion of npre than 50%

( dlsehelerand dpfhpasid gsiers aTéle pcham@ﬁh%awmﬁ%éﬂmﬂuatﬁtaccount the
K%w%tgqﬁ }Jhre gl}{ﬁ&lg ggmﬁépég gﬁefé"é%&ls slag Eéﬁcﬂ lhlsl ovfaéw&mve#y
c mmpmiﬁmnaid quaht}nbwwdmgj@ﬁmtmnag\egfap spiaasg p®cess to produce high
ve the n drati zabl e phosphat s fromthe oi
¢ GUEHE Pt GorEh RO pgeds Bramba e B Lo BRsag ifbemg This
PG QRS E Fat IsPIGtkiHE BrdcB ha§lﬁeearda@& YEeer gﬁﬁmﬁ&us@qﬁod&ﬁlg a
Uni degunm ng" process of the Unilever conpany,

" ol ad)ur%gxtftrmezl c ()VGF@PPI)OC@S@& élfsl'ﬂV@‘fUOnh eXS\faﬁhi@rd@snrtbeﬂ @elow
t
R gl FERe B BRRRR iy o B sp Watsa A TBRR v

Gabirlbudtib Ay sdued aneeﬂsowdhaﬁ@wu@ B [lusEIAteOS rEBGHITBT Bigcerol
for renDV|ng hydr ati zabl e phosphatides is integrated

i fitosn thirester Prdgraasieinto alysewd bwast tihach ProEanthchgaicisrded to at
p%agf p%%aﬁw éﬁv%%@lreﬁét?oné 0§ltﬂe9h§en§1toﬁge acid treatment

usi’ng phosphoric or citric acid) and a single
st age IPedcevwat of fat Elﬁﬂtlﬁ@hﬁveﬂiﬂbﬂl dwedblyinabd bit Abd e well

| of the hyd
et e hoButy el ingunlpl e SOnRae RO Vot ok, AOCS

Wi ol 2'93A7ﬂc(99 F @hed if ﬁ{cgfpgra{?é/d h&lignf e @ntng%)g %hﬁ@es of fat

can al'so proceedby enzymatic processes, such
desldting p@cesse&lnﬁludé’dteeﬁotlomg 6), 00T v&62¢:ﬁell pmccsis dleseloped in 1898,

|n or or at ed herein. ref erenc drm

O B S B ngick TG Hiegn e g o Vo reagents: b)
p'h{é@lﬁﬁﬁ Pﬁefssdr@ Sutb OGN Rt With b rc§tfal 1y l@m&lcgs%d %2 fow pressure
hydrol yti c conversi on process to ormfree fat

asplittng Thide prgsertico ! vicormbyss ustisgshperheated steam to interact with oil in a

tube type reactor; d) continuous, high pressure uncatalyzed countercurrent splitting;
and ¢) enzymatic fat splitting. More recently, studies have demonstrated fat splitting
by water hydrolysis using temperatures in the range of 250 °C and water in the
subcritical state at pressures of 5 to 20 MPa and reaction times of approximately 20
minutes. See Kusdiana, D., and Saka, S. “Catalytic effect of metal reactor in
transesterification of vegetable oil,” J. AOCS 81:103-104 (2004), which is
incorporated herein by reference. This subcritical process can be carried out in either
batch mode or in a continuous reactor, but large amounts of excess water are typically

required to drive the reversible hydrolysis reaction to completion. For oils, such as
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the invention, and particularly animal fats, can vary
over a wwde range in purity and quality. Further, many

wo agosgazn£es contain water and are m xtures of PERHUS23007/086023
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acids, fatty alcohols, and fatty-acid esters. The
process of the invenfio t akes %gto account t

e
dFPEPSTEY I YT Pl APEr BOrE8 SC e %E%B&@%%Hz” -1 (a volume
hanf @SiphRiximMaliAl) ohelaquicls PRIt AhyaBds asab bFin liquid
by using a firsft stage fat splitting procéss to
praduasl dandie sqpeahtcdy fatty acids which then constitute

the main feed for downstream st.ages.,.This first stage

fac oot P bubatiRht FRBGRLATES: wilshetigninc gt
sicoutltéreneadspittiag ﬁh&ésﬁ_@ ugedf éﬂ@loﬁﬁ%& G&ction v erdr E@l@mn. This
overall process of the invention. further descri bed

bétslitting eregessce particplady gbaracteizadiy gl rearnpsiteres prephigh
B B SO AR UBF I RSS! G DL . i

r erovesl is phrtighid e efficidnt and iekpersive goalatgetscaln piRfuction of Aturated
glycerol burner, which provides the heat needed to at
| éxstacrttomfatyangl olse t he reactions of the invention.

Proces bl i i i

o oces Ry iy SO A, ST 45 b

i apprsdchyconFeete SanodmgithdltGhd/use dfleatesSpt iatiounty 'of water. To

Al 56; A729- A732 (1979 whi ch i s incorporated herei

e by Pt - BSrEAERLG B o E3idRRGS B i BE sGEle of sbout

| NGHoUAR 406t £ BbLrOWMLBEE 1.8hotid€o dMuk 8B JurP LBARIS hours to about 3
1898, which invol ves atnospheric boiling

devel oped in ,
othotirst abont t.A¢o pbak dridwusd, oy avqud dhonesag drstrsaction teraplirafmre. In
pr.ess autocl ave splitti with a catal yst, such a

DERCal G et ds porilF e gtig ndcdiuis S gp S lower end
CaF ale)pséfettSd RehpHp@tReat eHorsdx@apld, & tdtall @hbodintitsOi |

in a tube type reactor; d) continuous, high pressure
usetecy e spltting et be easried el 4t £ terpRpratarepT@poet’ APt tp @bout

f (VRN WY 9 Vol RE ' have
dgh%ﬁgfgéﬁgggfgyggg?éﬁgsng’%@aﬁgf%$ﬁﬁ§droIysis usi ng

t enper & vthesermbodiients A0 3 oesibR50 cAE amdhsvagdrolysis it hquasi-batch
subcritical state at pressures of 5. to 20 MPa and

r 8109¢i oHCh srRdigenty ﬁﬁ%@?ﬁﬁﬁlewhaz@e%\é%@ e ingghe reactor can be
Kysdi : n ' t al
T e o A G et ety
AQDBaturke 8n 1ipthigRGRAY of eripmdefeirsd tengergpocatdd Reraiample, in

by reference. This subgritical process can be carried
oBE SEP PG B RGBSR Gt 4 GGLR bt spperature of
bybolt2r0eC aTRBHYH 390 FC QX6 RISE SWaLtS bkt @85 YOI Salbbit 280 °C. Under
required to drive the reversible hydrolysis reaction

t sudhogepligionancacHon tigie aan bs meduced rodpsssbaalsivt | hphg less than

wat er-,t.0-.0i | nolar ratiao be. up ot Q- appr.oxi mt el .
Dl iRt SRS B BBt e GOA. G5 ARG dme i abou
agugiaues Rhasat 30 ehifies, hedutY 0agindes ePa®udd mikutéd, atlhbut 10

form and can be separat ed.
minutes to about 15 minutes.

When using the quasi-batch process, it is useful to use a water-to-oil volume
ratio that is somewhat greater than required in the countercurrent process. In the
quasi-batch process, it is useful for the ratio to be about 3:1 to 1.5:1, about 2.5:1 to
about 2:1, or about 2.3:1 v/v (water:oil). In the countercurrent process, however, the

water-to-oil ratio is preferably less than about 1.5:1, more preferably less than about

1.25:1, even more preferably less than or equal to about 1:1 v/v (water:oil).
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In a particul ar enbodi nent, the conti nuous,
hi gh- pressure, uncatal yzed countercurrent splitting

wEe@sasRod s used enpl oying a reaction tower orPCDUSIMNT7/086023
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This fat splitting process is particularly

characterized enper.at.ures. and hi essures
ona cottor Ao ge S hsen4eiigng Ofee&mep ghovg methods
wed ﬁrrovﬁ!eraﬁ%%hmﬁb!d%)r@ée% CSor e'x§m9ﬁer Ih'e%ﬁc%h )éar%é t&ti8Dbut in a

and i nexpensive for large scale producti on of
s abntrmaoes cﬁmtmycuagmtdgocfess)m aftameratuﬂe oiokrstypically used in the quasi-

| RAERBIHE B2 BBy LT bbb e st P BR R aice

Wbiitedous cé@%ﬁig%1tlﬁ%ﬁe@ﬁ§h&eﬁt1rﬁ8@ﬂ fcSor@ér oMbt 10 FRinutes to about
achieve this result, it is beneficial to maintain a

r d9intiavfes prefriablyrabolel ¢ minntesrto sbow 38 urinttehour to about

4 hour r r

nonrs. tboRnabodmand BT B AR 1 PylOH B B8R Botiom of
Othcalbaddr GOl K)&Sthalthlglhpreﬁﬁﬁi@ fde® puin@patat idligroduded h@lﬂthe top
of the residence ting, E053|ble to use reactio

t 8hErcatueeng Hicipss |ﬂ@werateé?fd dIateRe pFieradry @dhe range ¢ of about
t grgg% abbite 585 84 e nfQ8 AIEXFIRIE the' 9t G&rh ﬁ'ﬂn% uced at the a)ttom of

diments, countercurrent Sp |tt|n ecarrle
otie @furan.t Mqo@plafanatéy ahe azia@uﬂoﬁrélr@teﬁﬁlabmltéb%lm aB6@w AT, or about

a t 245 Q o.about 255 0C, .ar 50 0

o B o SRR bG8 it I3V 5B or Hled B X rudlgass ot igs can be
hyigicghisd Byl ke \%l&ﬂdé‘%f thRad4ehor @Qﬁthaﬁ‘éﬁﬁeﬁd@bﬁﬁé SEAE at & & the
beneficial "in that residence tine in the reactor can

berdgr e ko3 hewsced. Preferably, such enbodi nents are
carri ed, out react i atures on the

of t he%’i‘%&@?@é&s% %ﬁ?ﬁ%&éﬂ%? OIE%‘P&S PTRSYSS &% gnﬁ‘r“g‘te“‘ﬁ“enq flow),
Cefit Bérefierubegitherhstor to8clddes berRat o dbireting] t1s ifertaR 18 1
carried out at a tenperature of about 270 0C to about
29eveen theilandahe watcrigh canp iielupgs. Ber exgmpls dhs sepgy cacbe an

U@f%g{ c H?rﬁ)e %g'p&&%gj%’smoﬁ@& Ert tﬁﬁmtter ?&]H% lrfgfj gﬂgtaochange

| ess O ut ess an a mn u
I esmﬁddmeabﬂmtlntaﬁam leud] @sovePsefhat thio Ipyottehe inf watet raﬂn:r than
time is about 5 mnutes to about. 30 m nu about 10
ﬁffr nf Bicameiy)- Jothsiipfsiface leml riggoi th ?Jd%*ﬁprﬂb@ asingthe water,

Pédai‘lée M{‘r‘éﬁ& & drw €82 Hiich %\L&e\faﬁ}éggﬁlrd' tlﬂ?stﬂ}GwHés‘)& ﬁoﬁrt?rol signal

s useful to use a water-to-oi une ratio
| $ha$ troesyktatn rpedstoerd lotvhaorerod g watdr/ glrycd:rhermxture to exit the reactor

co atercurr acess. |In.the quasi roces
Sl Gl BPAe PERS 5576 10idh80 a6 aRea Sapgniengs §Y Riving two
a?%dﬁur@ re'itel vhQeABAMYorFFAL an@lond BQUhe Falr/gllycWhY miN@te These
). In the countercurrent process, however, the

vvareersurt: eelisf Valves a0 teprovidsdinastiss Witk onfoffaalveb santrolled by the

nﬁer%acerg‘lagrngl Eeqlgofrenrl %1?(': a \|V%§ 3 tohnaleﬁn% tlljle desired interface level in the

reactor during continuous influx (pumping) of the oil/fat and water reactants. This
allows for maintaining direct control of the mass flow ratios without requiring precise,
direct control of mass flow rates over long time periods.

The fat rises through the hot glycerol-water collecting section at the bottom of
the column and passes through the oil-water interface into the continuous phase, the
oil layer in which hydrolysis takes place. Direct injection of high-pressure steam

quickly heats the reaction mixture to the desired temperature. In certain
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1.25 :1, even nore preferably less than or equal to
about 1:1 v/v (wate oil).It is also possible,

waecwenaizng to the invention, to conbi ne the abPEBUS2007/086023
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met hods to provide an optimzed process. For exanple,
the reaction can be carried out in a continuous,

c §hRP sy Byrrolysis dwpeasried ouf af a fepessturcefpbpw 34PpCtqrapgut 300
Uséd 1 ﬁlrlh'aﬁe ng&?hl%géﬁ gﬂy&{;@&? X a%r?ecﬁ%ut afiP f)e%pggﬁgre%gabout 230

sucn an e

CGGttd) ALANS9PPOCADEL TM) WE fohab@uf B AERE @bddtIIBO oQ té Bout 270 °C.
order of about 10 m nutes to about 20 m nutes,

plebes ahbodimbiatuthe IOmpératutes raiscdaoabout3H0fCnut es.

one e dlne is. intr ced b e r n
o oy T BB Ohine bS8l edkerinh B8 PGaRy e ABAP G (Min
PERDSYinEnfE ﬁ@hmﬁag ¥Bn bé/\ﬁia%'lec'tr%niagﬁétfé%@%oﬁ %@EhetrBz?ct(SIQFéssel In
of the colum, and the nass flow rate of the water is

p svetfheendmdymws,tm@lemd getegfcanbo injc@sbmdas t@br@@qtlonseﬂ@lmrature into
t the fat b nt
oat G ek Eicaockify ThamSi i) ProRE GERaft o puraton

gﬁe@sﬂl@ sladaytabd0dehe MyakPuis 3861 @pcralifupredfife, tvthiab@idtinduce
% of the mass flow rate of the fat. Actual mass flow

r AlcaR nsadHcHen HBRIRPIHTHEE 1y reaston bessele lbspackis qrabadiments, the
> %lg Hﬂl‘eaét%%' ﬁﬁwc?%éﬂéém}é}se Hﬁgtl&?{/es &8 51155 H@at@({ tg%ﬁfolef

ours 'S rocee sin I nuous
panidesdly(lewgring tho lpr(tcxesg:ﬁampemuré bk, hytdtolysss deedted. i Kurakample,

for the reactor to incl de a sensor, for_detectjng the
| meewalafémeé Ithekepciarty %C%fmfy spqtoRsyRf %{H&S/ Eﬂ WeEer i n

a%‘(c:eé g:?ox% AR fto tlaen gﬁ%@ﬁ 128488y B cSh&%rBh&daﬂhe

obe positioned at " the 1 nt'erface and usef ul
f@Kwsenwﬂhghamohamgawunbmnwaﬂanmermmﬁthsuhnbebﬁak@
| evel \es o t hat the %{obe n water rath

h
oil/fa f‘(fafﬁh vitEdTYEE LS QIO P Y SR o tOﬁﬁe%@ghe

SQuatdtat thehBadddrdRen ifSsHiAy foh@eatBt Blus, MRS dARGReMbératut@Meting the
to drop to a nuch | ower value, and thi S provides a

c bridnobisisgp garaled phtathetrh@lrgy@tpéqrﬁsur@émk& e BT bne frsrveatefbetween
h ee at\f\llﬁ eqrx_;/'gﬁsa%g %Le crltlca uIrlte Atﬁangélxggnttgr%perrg ?10 <Phe presslul(ree can be

et mfe:mtﬂsl,s nlﬂmrﬁlﬁﬂ Isé @ntgvu@ thy B8Sureddee Inbteéxcvai Me&or B@ations.
for FFAs and one for the mater/glycerln m xture. These
prassinre therqagor presyse demne bedrolysiy isderaierably eprinsainggd atig

géegmre éﬁéaﬁeﬁ ﬁha‘ﬁcmé Lol ?getsg&fe "SQS {oth&h aﬂ?%lg ?a?éélg‘h a liquid phase.

sensor a way a malnalnt
I Fbecfaagde, lvehealthd feattbeteh@af}mﬁ‘e iKalioun @6 C W thayprosssire required to

i nfl f the oil/fat,. :
A B I SR ais AAPRID B k0 POTA G- M s, in
fLain @ﬁl’b@&lﬁi’@n%sh@llétreafc?&lﬂréssﬁ‘t% dRtiRg 'h§@mly@is §13 ﬁfalrﬁﬁﬁ&{ Y the range

of mass flow rates over 'long tine periods.
r o§ elsout Arsovgh ta dwuh2f Mjﬂay alaruo [ MR @rabool lfeMHan@oout 2 MPa to

S% &{t% l\?f’a to? %bob (%t tl\%ﬂl ?0 about 8 MPa.

The process of the invention splits fats in 98-99% efficiency with little or no
discoloration of the fatty acids and an efficient use of steam. Fatty acids coming from
the top of the reaction tower can be injected directly into stage two after
pressure/temperature adjustments to match the requirements of the deoxygenation
process. A mixture of water and glycerol can be removed from the bottom of the

reactor. While other processes the may produce glycerol as a by-product simply
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t he col um and passes through the oil-water interface
into the continuous phase, the oil layer in which

whyasobiesd s t akes place. Direct injection of PCT/US2007/086023
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hi gh- pressure steam qui ckl y heats the reaction m xture

to the .desired tenperatur In cer nenbodi nent s,
YRPBIGL T Engiod UG g Précade P&@P REGFR 1BYCILgR yfilizes the

2%%0@@6& NG a%qglpgﬂjant lr8actibh bRRIuceadiIe 'EH greatly improve the

yS|s is carried out at a tenperature of about
2©@eralrlteffazlfamwtf RGP0 @S;. Ehxoimpord e thopwdocad Ze@raddy further
or abg %50 OC to about 270 OC. In one enbodi nent,
t REL W%B?SWUre is raised to about 260 0C. Heating of
the hygs pley&icdl oheaiméntE @s Bed RitcrBypplisehndldcpRkbDEe-adrited
certai n_enbodi ments heatlng can be via
eI belers @mgﬂe inte therplistnigdawest QFiech sereevd ispssiicilarly desirable to
?é%ef? {E%%‘ic?e-re%tﬁa Eﬂhﬁﬁg RS ﬁ&en?@@g%%eés”h)e CleEfidh&ah ve
e reacti on temnpera
s p&eict ioat z&:ﬁbﬂkﬁlgmmhy appropsatp @sshd. €Fdr ex phpleedd-adriiéon can be
water tQ a saturation pressure slightly ahove the

hyeHeyeddysppiedion of ﬁa@eﬂnﬁ Prgrrssied .Oé UG eI #p feAYE @Xyeen
Stﬁ%ﬁf@hgrr 'th‘fﬁs' Qe H&Qﬁbxﬁ&hr rthé}tﬂclfulfbem c%ﬁa%g%b YRS be de-

I n speci enbodi nment s, e supp reaction
paadudmsaenieqmmgdth@mm@ddkﬂunuwemB@hbh&n&Mq&dﬁg&med)

to avoid artificjall werin he. process.te at ur
oSy uryT ead ard e e LD IR ST St Such as

| iwhes tﬁeol'Ipléhla BidrkAS fcéﬂ%ﬁse(s m@gﬂly %hﬁféd){né@ﬁélb QQéh QJ beteh?allow
lines that are imredi ately prior to entry into the
hyi@lfaeﬂaygm & Prefatably perbamed eftepre datareohe dhatdrial e»(memtm a liquid
h dro e ut mnth n actor . .. ..
° el DR e S Bty thia S8 B g iection
ﬁa@bgr columm is great enough to keep the water in

e reactor fromflashing to steam Thus, at any given
t enper dhaebiliguioi wgverhBpidicdriomysite fics felh goidshiowgh ap patial
THIEHIRLFIS MRS FIG e Fol bbb b F sABLYEE

t em&eﬁaﬂ tor EBFA$ b hptimgshy @il Gathe pecsgicealf @ratdrhan téﬂﬂp@ature of
m ni mum so | ong as the pressure does not exceed

¢ abestapO P i £ RIS OHE OF ok efdfe, T 2 saiestio s way £00%, with
dyd & @%ﬂﬁé’ﬁﬁ Qé)ﬁ@%irs?\ort]]z‘ro] tﬁg S&ﬁg bid R mf'ﬁtc c'§101d (Cie).

pressure greater t e steam preséure s
maintain the water in a liquid phase. For exanple,

reactor. te rature i s about 260 0C, the
W?E?@GW ?Eﬁﬁ??@ﬂnpgpﬁé?ntain the water in a liquid

state iFgI6RR gQPfé 88t ston/SAh PEhibi (o BadVig Free T SacidsNthe FFAS

certai n enbodi nents, the reactor pressure during
hytireonyeritesl to §trmghhclamrnmiaffms (e, rr-alﬂigeesaufvlaaitredmctmn@rmas This
t o, abou t o _about

OB 8t b B BRI b bl s B B Ry BRRT ine
Til'lQulldTph@@'S(% Qfustripen Jtimed AtioeRve dactos vxflﬂltascaltaﬂysﬁ 889 ispersion).
efficiency wth little or no
Although reduction processes have been previously performed, the present
invention recognizes that catalytic reduction processes are needed to provide reliable,
consistent deoxygenation of the FFAs produced in step one of the inventive process to
provide a constant stream of n-alkanes for the final step of the inventive process.
Accordingly, the reduction process according to the invention generally comprises

contacting FFAs with an appropriate catalyst. In one embodiment, the FFAs can be

passed through a fixed-bed catalyst, such as palladium on carbon (Pd/C). In another
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di scoloration of the fatty acids and an efficient use
of steam Fatty acids comng fromthe top of the

WO e@stiom t ower can be injected directly into BCHUS200WE6023
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after pressure/tenperature adjustnents to match the

rerrent t he .deox atron roc A mxture
tARagigtens e Elr;@%eqnotre bt v W T ORHG Hit BBtadgoclave

ohyhgedegﬁctor Wi | e ot her processes the may produce
glycerol as a by-product sinplyrenove it as an '

u nwant &gokygeoatianyis gb‘hﬂfal@r mu@s&toaﬁ aStrhletlpg as@ehtemical reaction
nvention . utilizes the cerol an .

| RS D i PG r et oo fiireay (Eetios” s Eepgption of FrAs

| )P4 RV Ersibiercamainathht Cﬁflfpl‘(WG@CDﬁlyel@lEr b orh&shasisms,WEich are
I nportance of the produced gl ycerol is further

dskewyn badawde Fernulp ﬁS)pwéﬁr@m s ehpbacareen ¢haif.at s and
wat er supplies are degassed/ de-aerated before
injection into the splitting tower. Oxygen renoval is
particularly desirable to prevent. unwanted

si de-reactions during the: ent I;%g pr(rngcess
De-aeration can be cakr::wéﬁ%t according to any
appropri at e hétidd. l‘ﬁg_\\g)g;pl e, de-aeration can be
achi eved by application vac @Hn-fon -aHperi od of
time sufficient to rémesverdXygen fromthe reactants. ®)
De-aeration can further include circulating the |iquid
to be geg
g:r Rk oRPadh 4 &g%%ﬁylgél(l)n WAYESR fgce&hﬁver a Pd/C

[iquid an Ie entrapped gasses to over
s aathiyse dé@nsixghutiands ths papery teactiongpatidyvayl, and geahteiod

. S en the lipidic
O R el Hem g st R R gt of
t abdLW¥nyliRioae WlkdnQRe h%ﬂ&h@?@a&ﬁ@& roﬁﬁétffFHnﬁfﬁfé Rbk@fenation
pre-heating the material to maintain a uid state.
Deeaaematsumd isthp resciompdlyent awhick ds ware &rlds Sir:@alhﬁdl bdaw) and the

S R S S S R R

hYIfUr@ bighifidamt SiAcd i6 id ddt UBiWealdad td Midrbdeopid redisibiliéy. It is notable,
enbodi ment, virgin canola oil was converted to FAs b

haaVPYR: hpestesric ackl dosarbprWaiiqris npchwiavesr in hepiadecane Solvent with

t 0

| BTRELALHEE Pl AR0W i208 8RR RN FflemR Wb 10% 1,

s s%ngé :Vﬂﬁfﬁ purgenvthe fcbérlm)dmr(mzdﬁr@rhcat shétolehctgr ol'tes & 1Htﬂ$tﬂlt€(d(3]i|18%rmula
n mtlC acCl al 1 C oX nati on O

?ﬁ%lsan ds r éwwge f“ﬂé detsnibed SeloM - ofherdsea Pﬁrylgtreel 1Biedpaleyed in

t ‘Hel;tﬁ ﬁeyto%gh@ﬁ%l}lﬁlhﬁnl?ﬁfﬁ%ﬁs a ?eeﬁ W §c§59m%° The

strar aln paraffins anes via a
r ddmhmrqtatrpn pothssyy 1T tnlilaeffestedmyahmcrtaegc ar soll et sinte both Kekand
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Wirdaldtighsadtaahmihum! ur ry/ di spersion).
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Al t hough reduction processes have been previously
perfornmed, the present invention recognizes that

W@ a108/19320£ reducti on processes are needed to pPOWUS®07/086023
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reliable, consistent deoxygenation of the FFAs
produced |g4step one of .the |nven1|ve ,process t

br ovi dACSOHEHED 4 PSS HFFEBAOT 7 KR BTt om Rty ygen
SheRrRhll BErdfaY&NbiaN & r@dlf%ﬁ@ﬁ‘ ?eact‘?&?@tr AU YonatiB€ reaction. Both
reduction process according to the invention generally
C mrms laspmcgt e aroinpgssrotls the debarhox dgpmopadtmneand the
taI an be ssed
I R T A A R B B e T
C @ﬁﬂﬁ@ﬂlaﬂ? WHeh using padTorr &EEL4THAE ith@dit custibe réthhy t©adnR&sion of

conbined with a slurry of Pd/Cin a stirred autocl ave

uSFAG t& oialkanes mppsbg pydiawlerp descsibed ieterny §f the deqashaxgtption
a3 BLA DGl Be ERRIGRL AT QLG bafg il
r efrova xygen. 1'n e present invention,
ddeotylgeiyadtioan Rathek AR ciiborylattoremstHahBnt B delly @fvotnipassed by the
can proceed. in ei ther of two mechani snms, which are
s HYRAtieR Pavicrkrlzdn pabadipents wWikss Bialkape prodycts avyelsd By e
chal.fon Big&b 1a io Wile decarboxylation and
ecar%onylatlon wi Il both proceed over a Pd/C
c at aI yﬁlthodgcd&obmoyyhtlom par I 4chesvpd thmmgh ap@hczttlommf high heat in

te of decar boxyl ener al }
Hha e atne i phlE PO BE salatts SaD RtE Rl 50 Rjpetive for
d%&%t%%d%hg&em%mo%@ FRAR ik igeiF @&pefsp&{an@ﬁgu&ﬁes In
fromthe deoxygenation reaction is used

r eamparm@nslmwm, cewmdepagbmﬂ@tldmﬂcpgrdmsm rthletmdsemémw)tlon

and the deox tlon rea.élon S &g or med Endqboy I
hYEP&gaAoT Yeﬁ %ﬁl%lﬁw AT v PatH g | PPRGFdne 1P

S lsﬁld’&hffld &ﬁlbﬁdlméﬂlt@ Ghe tdtalySic H@dar&x@%@n Ue€a bV ETOREOBIthe

reversibility. I't is notable, however, that stearic

acPEcsperdiny 8xaaae obat east ﬁ’@@ﬁ 78V wekeast ﬁb%ﬂée@ atlgagt about 80%,
391 % sgtanf]\dttSQ‘Va ff%!gt"a'bé‘ﬁt O‘V 12 §3%b! t%% %6%’%_‘ $0ut 956, at least
e y

reac I'on pro cons ant sparg
\Mab@h 9P, gelsadt Abodt OX7ME dt I@ﬁﬁ abowrdgth@r aelaadtabout POLS | s
|IIustrgted in Formula ( % and is also nore fu
B

descr i 388 2héiboiR. achse guaplclsseprarions pastignlpdy &l%@ad fHFIG. 5,
h%@ﬁ %@@@@ %he% 1{5 FRAH blzdlﬁ’eftioﬂ'@f'ch g&ga L Q9% @Ra@REEd | N

his sc carbony ation pathway 1s unafftected
bylectamlepx@rtaamge Spmﬁcﬂll\yestbarm a’mcbwbxadétaﬁb@xahtbdhewtlad‘eldmee ina
entrations ke the reverse

d égé‘}i&b g%g}%i}ﬂl a(qt%%vetr &8¢ Orﬁ.}sﬁfgrd}ﬁ,fzcaé@as a solvent under either

( deAGEe bgh&gcatglyhb ComRliBSRN I bk, Wb stédtcSacidhEPhdAted to 300
reaction pathway can generically be referred to as a

r édwt iSaviPa peessure fororryanglesidgugertaneso in tlealetsi sk, n@oathlyst was
used. In the second test, a 5% Pd/C catalyst was used.

As shown in FIG. 5, the upper graph shows a small rate of conversion of
stearic acid to heptadecane with a large residual amount of stearic acid remaining. In
particular, the graph of the uncatalyzed decarboxylation is show at 100X
magnification so that the conversion graph is visually meaningful (i.e., showing an
abundance of heptadecane of approximately 40,000). In contrast, the lower graph
shows a nearly 100% conversion of stearic acid to heptadecane. Note that the graph
of catalyzed decarboxylation is shown at 1X magnification, and the abundance of

heptadecane in the catalyzed reaction is in excess of 4,000,000 (i.e., more than 100
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terns are neant to enconpass both the decarboxyl ati on
reacti on and the decarbonyl ati on reaction. Since
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particularly when using preferred catal ysts, the
di scussion rel atin nver3|on of FF I
maY OB 8 BT CPRYAISPY ﬁlaaé% iWERalyAeq fé’?‘fﬁo’@s TE"i"tSe Hié!s ?1ear1°‘y

deRARRRY WealipQibrreR%t bBRincHAYR %ﬁt’alﬁﬁ%ebﬁl{@ﬁllétﬁﬁ dsDpposed to
not to be considered as being [l mted

déwamblodeghhpk datiorRelbher , a decarbonylatlon mechani sm

is ful enconpass the i.nventio rticularly in
erbodi REREDSSHBIE 9 AmpakiS podiie FRCrepBRSA bEMEE dhal

I @@RdhiSdne YRRt 115Ab 2 hopm h ogecaidpoeylsekid %t&@@n@@us) catalysis
achi eved through application of high heat in th

ppé%@upﬁoréﬁd rallpdigm @éumcvlwgc@@ily%mt ¢ HrrspnacHd rhwélrogen For
d?&ﬁ 3@5& aéarl%}}ylllé a&ﬁ? E%SI{IIXI%V?ISO QIR lo%rqn&{%ij Idhe longest

cONSPSt ent’ reacri on o Rei'r CoFrespon
ns@hikendmin doid BeePRAEicd Y, Mhiene\utrwasataabid dcid (Cg) Accordlng to
decarboxylatlon accordi.ng to .the present inventiagn

hgprersat mypntingy 90\@%\@& i nestiblgite W%ﬁﬁﬁﬁlyd@ﬁ%f@%ﬂ%tﬁ a longer

r @ﬁeﬁflsg@gﬁ’%eca?g%e A a]tg CBHI ﬁﬁﬁ' §Uch o8 Q@% 5@?&“0? ’ev&hfﬁgheer

cata |on as a conversion rate to
c oanbes pampoungls ninah& gasephafe. ﬂuch@s phabdatart®dfat@n geaasltly

about .75% at |.east abouf. east out 85%
| GHBPrisHE AHpPOTGHHT af o 3,%{10 g@&éﬁ? z‘%}sr X alongggtodiment
9% ﬁ&lng eF8ddsRLR %mﬁﬁsﬁl %aﬂ@@eﬂ PR Ql'é&es@a}y/qto Rdat keast

about or at |east about The ability to
a@dmm@umfpt bags abowhddyl STCo(thd ls)llmw polnmfastdagnc acid).
illustr

eval uatd® RH%SF Cgtél yg fg;g)ayg?g?,té%]scaﬁvr]l\% Sed] e)c} ggy 1n] ec%ng?heeFFAs

deal thehytdlysdstepIResd fiieblel ¥act&ivesdel & ﬁ@lu @oM@funication with a
decar boxyl ated i nto heptadecane in a 50

c @#ﬂkyﬁmk@mbyr and hoating @mpsv@lrfs euigabl tOl}SﬂPﬁ@Z%th@ EEAne The
n@)rfzgh YRk P#“l%?é‘ﬁﬁ%ﬁ tﬁ%rca&m ttﬁb%r Whe&o&é}g@sl%h% 'tlfee q

I ONS. ear I C acCl
t QoiB3EPoRdingir-alkdme Mﬂahmrdslsaﬂle)oﬁ/@rs achieyédndregsodlencan then
tines. In the first test, no catalyst was used. In the
s BEQshee theugh aroglippgens feéf%ﬂ%%a%ﬁ thedialkates s ipgeitaith

F'eﬁ‘boélmetnﬂelt YRR EE uwf&lﬁb %rgge?gg/llthr 1Bl6 ré}fl%veaopiygﬁ% grior to

conversion of stearic ac ecane Wt
rhsudgabﬂ&dﬂ&thﬂﬁu@ﬁ@amnmeammd remai ning. In
partic

Cocar baesramltoft fi s Hcat PR g apiddreadingrapne

t laﬁlbg@lme%f &f @B pgars@fnhndzeﬁuuh aralh drae@eRifG! 8khrbigleF1G. 8.
show ng an abundance of heptadecane of approxi mately

48pe0hyallyl scaoraaidiwas heates tloet\mempqmmogmmt 30 Indain the
3' %g{»{%lﬁ%n :5?%2(1/ o Cataﬁys%% a&neavcel g%s E)ﬁa ed%calr zi‘a 101. 'X)s shown in

FIG. 6, the desired product, n-heptadecane, was formed as the major reaction product.
The small amounts of hexadecane and pentadecane formed are believed to arise from
impurities present in the starting material, which further illustrates the ability to
effectively form r-alkanes in the decarboxylation step of the invention.

In another embodiment, stearic acid was again heated to a temperature of at
least 361 °C in the presence of a 5% Pd/C catalyst to achieve gas phase
decarboxylation. As shown in FIG. 7, the desired product, #n-heptadecane, was again

formed. Gas phase decarboxylation in this case was also shown to effect cracking,
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of catal yzed decarboxylation is shown at |X
magni fi cation, and the abundance of heptadecane in the

weaioaliyzed reaction is in excess of 4,000,000 PCT/®S2007/086023
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nore than 100ti mes greater conversion than in the
unc taI zed reactlion h FIG 5 )
i FYULeia @ad promatigagy o'Ehe highgst ek e ﬁa” ﬁ%%@t time 24.05)

C@El%h% foG HEGREPERYERL PN afds CRRAEE HorkQ Bﬁkﬁﬁ@ﬁlass spectrorneter
decar boxylation al one. Decarboxyl ation of car boxyl'i

aéMtSi ploasf fhily piak nsapmmded! ib§1QVisi. Sfhe sotallgicak @Uﬂemdg‘,gﬁe the
9
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presitdfeprodedtion ERerxanme singadeducldymeal yrrontains raugidy 0%
'Agyo?ﬁaglc%%ﬁﬁgn%{ﬁ Iyﬁéhelrea@t{onacloul us%ﬁltl ‘?cpf)o'n%lr%ca{ ﬁogi&s[)stream that
CcCcor é resen I nventl on, howe {

p@ss@leaﬁeall;od@tg@le& f@‘fjbﬂ fuyl edwritibax srhatoeulal rkdngekc ahaum of
carboxylic acid Cl conpounds, such as stearic,

adyrgher WC%Wﬁleﬁeiﬁﬁégh%#%aﬁn% gRpelihe é’)“eSPli*f ipyratign do arrive at the
PRa§RI U PRoHRE ﬂhﬂﬁﬁloqqg Q{eﬁr%(? 1&“%9 @h g&ﬁ'lb(lnézlatlon according

conpri ses vaporization o | pi stoc
ex(aﬁlplpecsenMane ibobiéamshbwntebe efeatige an bmeld@ tsackls, such as

ris aric acid, it is necessary to heat to a
PFE%?%@ E‘?dels%ﬁelﬁlacﬂdeast about 361 0C (the boiling

pOI Nt @fquid pRdsk ge@%}g@ﬁatloﬁq§ aRH BEECtRRLBENHING to the present
deoxygenatl on can be carried out by injecting the FFAs

f ioentiore quzrdmmpktL ElG%ip ai(ft/ 1S clyamatagran pedietrerction product of

comuni cati,on With cat al yst chanmber
& SRRy uigh 2 s RE bRy B0y S R Rk an SRR Ripcror.
FRAS stedi€adl@pi HeRBakdDSvarbwWas hé@L@hbbies (0aCal Nisd contacted
chanber where conversion to the correspondi ng n-al kane

oWl‘thWé%rPdléQ cefrlysio s sesn HrhlGe We beptadesansyip dureted @a tha Raiar
%I%ﬁ gltoﬁ{l?[n (5 o SR04 | irir‘r%rc? @”%efd%ae&?é‘ Q&Oé@ﬁé 2% ﬁxfefér{ﬂ gn the

aln e di'frent’s can e usertu
puerag&oﬁ pr>dayts T, Wiiidn skich @ typédab velven Ygeyd pit isafectssary to isolate
heating to the FFA vapori zation tenperature. The
r dheepdiogipreghst Bﬂ%lstée SRIHY BHRY fodniratH e 1§ &efetion prodyct into

agt%Bt:[ @Sftthgl @E,ggéggent of the present invention
are ustrat IG 6 through FIG 8.

SpeC| f Soade] gt,al. s(frebmtlrml aogideanars; Clecanigrdy Raseardhafph@)aﬁm‘t%eﬂ 15,
of | east 3 Cin the presence %

0 208haf ARk oo st M SRR B Blon B Bl Sqgocess for

S IBMbselrprEa&tloﬁ fronBFAgalihed haﬁi‘adl&lﬁ&e bdlchgRLad %ﬂ%decane as
was fornmed as the major reaction product. The snal

athpetwwnbfreqrasiagie selmentdeord” F@em@@d@%@nfelﬂf br. mesipeinied out above, a

oSt RY BT MAFreOl AL TR P B G rbob e sotvent

ab\lcbd)ﬂdmgtt@ the present invention, however, it is p0551ble to carry out liquid phase
decarboxylation of stearic acid in heptadecane, which is the decarboxylation product
of stearic acid. Thus, in certain embodiments, the present invention provides for
liquid phase catalytic decarboxylation of a long chain FFA into its corresponding #-
alkane while recycling a portion of the reaction product as the solvent. Employing the
product of the reaction as the solvent greatly increases the thermodynamic efficiency
because the need to heat a separate solvent stream is eliminated. This is further

advantageous because it eliminates the need for an additional separation process
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effectively formn-al kanes in the decarboxyl ation step
of the invention. In another enbodi nent, stearic acid
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in the presence of a 5% Pd/C catalyst to achieve gas

phase decar boxyl As shown in t he desired

538%&% the rl?rqfﬁlﬁi/ %@etbs ARlvenfee fﬁa SHRC-f ﬁ% the'cegiinygys gaturc of the
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fuel "desir on.” For exanple,” since

f dedarbbonglatieh |p§{th®@l§1‘s? aAesordmggt] Inyce2@ih anlodiments, it is beneﬁ01al to
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prselfiRg & PyigH Yepdo fpdlitraiepgtiong oy cxaaplgrieord of] Cé? (a

f

T
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|
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olei¢ acid and linoleic acid. Liquid phase
demkydiareats, drean be pprsioulefly wetfihe uetm;cbm@l hydyogen inkethe reaction.

D PR AR BRI IR Srabiibh ShSifufsha
dgeauisydtidhio BatOfatit @@ unCaté@icd CRFFASEsiagta RESC BgaBsO the
mL stirred autoclave reactor. The stearic acid in a

d strsenasend gpseane ofds fHesgeadn Tablgdothe dsombeylsiian of unsaturated

g%@ ds‘u?ﬂ a%lten: 1(? %‘h ﬂrgce% § f%l & scig nifl Aac'nt% et ﬂn”[hé: gr%(s:e{n.%e of H,.

ane 1's orne r reac I'on produ
A$n tlisevahieeidn, decirbbxyl8tior Wes amﬂat@net 8 adnveRdtuiefa08 6C and a
present in t he reactlon product. Thus, whepn

h
t PESEHF 05 b7 gianpsing I Gerf carh rqaetaweﬂeﬂé&émg pePYCarsst. The firs
UG E%%%ére Rakfcd ng:ﬁsu,flé 2)31% d%ggﬂ/e%?)'iveﬂf | Pl fifhl test }Nith stearic

introducing the reactio Uct i nto step three o
t hediwvmsentricd®upnooeds.6 gSrfélleptad@tanahs solvamtlu$hus, &ie present

Engi neer | Chem stry .Research 4 1 5708-5715,

OB QLR GER e Tldn B R BBy SIASR TERaR Par gy can be
agpARiRH! KA IntRisPnQE %@m&@ﬁ OPHQ caegéfdmgoﬁpzﬁhttﬁ& FRBstock
from FFAs using a |iqui d- phase batch process with

d ed@peﬂeota@ndt the desited end pladequiYpregver, Biglbersficial esprrpof using

nmass L abov

Se%:ggr‘lg? dgchar ?,x }a% n I%,‘\%%u%?aésp tﬁle 8(&1dlpxy atl gion &%l%e?taTest 6 in Table 4)

POkt SdvdRskly @ﬂf&% ¢hd dbﬁv&@io‘ﬁ%‘ﬂhe FFA to its corresponding n-alkane.
Moreover, the present invention is further beneficial, as illustrated in FIG. 2, in that at
least a portion of the H, used in this decarboxylation step can be provided as a

recycled waste stream from the reforming step described in detail below.
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According to the present invention, however, it is

possible to carry out |iquid phase decarboxyl ati on of

wat@anoxoaci d i n hept adecane, which is the PCT/US2007/086023

decar boxyl ati on product of stearic acid. Thus, in

certain enbodi nents, the pres I nvention provides
3gﬁﬁégylation of a long

for liquid phase catalytlc de
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solvent in a liquid phase reaction. As previously

not ed, deoxygenation is a reversible process, and

there can thus be equilibriumlinitations on the

decar baxy laé-yeenAid/kdkctide 6 AstOR YRt dfdbléie acids &NH, are closely
taki ng place. For exanple, when using recycled.
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t he reaction. bel ow provi des the results of

oﬁeﬂeMaKUBtlon of the li qui d phase decar boxyl ati on of
saturated and unsaturated CLSFFAs using a Pd/C
catal yst in the presence and absence of H. As seen in
Tabl carboxy| at i,on-of-yunsatur at, uch
a{ éﬁeﬁ:ﬁgg‘sdgﬁonl yor oggé'gsk?‘g‘ Iﬁ sifghiti %ahFlFé)S(% é??t
|n t he Hpesence of H2. In this evaluation,
decar boxyl ati on was carried out at a tenperature of
300 OC and a pressure of 15 atmusing 1.6 g of each
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oA Foa BNt pEah e By e o2l BT ET ol [Pl The
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invention is further beneficial in that

ddeamyigenarioatacemdingde theqnessar proeese mcaéedw@ély achieved, and amount

of H, used is generally a function of the lipidic biomass feedstock. For example,
when using highly saturated materials, H, can be relegated to a basically non-reactive
status, being used mainly as a purge material, such as described above in relation to
gas-phase catalytic deoxygenation. When using a less saturated (i.e., more olefinic)

feedstock, additional H; can be used to encourage production of n-alkanes.
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of using recycl ed decarboxyl ati on product as the

decar boxy. | on sol.vent (Test .6 in,.Table 4) does not
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OGRS CHORRS AL BrUERAD S (oo DL e o pape the
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acid conversion (D), oleic acid heptadecane yield (D)
st ear i dhapradeiaptcation smry¢uddrty distinguashablolfwintkemimmethods that

|t .with 1A catal yst (,0),. Th lts sh in.F
Y Ryt diRabB Mt sl b RGeS A s rpC o
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This is shown belowin Formula (10). C H H >

CR9%° G be Jequingd apachiaw)usefuh kv elemb decasharvtasions Thaggesent

045, 0. LT A S DAL 0 1 450l

t @aachiaelygit Oxygsiblerte prcatd withaignifaeny Idwer egiction temperatures

ggz\é\glé ’es{ifl alcﬁc’iexl;]iggtg e?c%lllerlltrgetogggeni?otnh(es{léh & shbwn'a g\ge i?ll'llrteference to
FIG. 5). In certain embodiments, to carry out catalytic deoxygenation in a liquid
phase reaction, the FFAs from the step one hydrolysis are heated to a temperature of
up to about 325 °C. In other embodiments, the FFAs are heated, in the presence of a
suitable catalyst, to a temperature in the range of about 200 °C to about 320 °C, about
250 °C to about 320 °C, about 270 °C to about 320 °C, or about 290 °C to about 310
°C. Reaction pressure can be in the range of about 400 kPa to about 800 kPa,
preferably about 500 kPa to about 700 kPa.

As particularly illustrated in relation to FIG. 5, catalytic decarboxylation
occurs at 300 °C in the liquid-phase under conditions where there is no thermal
reaction in the absence of a catalyst. Moreover, reaction selectivity for n-alkanes is
very high in the catalytic process of the present invention. For example, in certain

embodiments, catalytic deoxygenation occurs in a manner such that greater than 90%

of the hydrocarbon reaction products are n-alkanes. In further embodiments,
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For exanpl e, when using highly saturated materials, H2

can be relegated.to a basical non-reactive status,, .
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C RoRRRE 50 A R TR O eSSy PP RARE s f ol Bison
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I|qU|d phase reaction e FFAs fromthe step one
hyuerell pgicsssaweulf bdathindered by the n@@dawn@n@nt t@psep@afabbm -alkane
325 c%qefgolenﬂl élget sg ren?nag(g%ﬁlbﬁs nhe c tal § ?Fé% é)?%@%?thlg%n 18Pul}ogvever

| 'fhel;sé’l giffianges #& odkesthe 206k &@nip% ﬂbéﬁﬂanﬁé%ﬁb&ﬁ—‘meﬁb atfs C?osswle to
250 0C to about 320 OC, about 270 OC to about 320 0

obsabeaitlystoburprdispersipe mithaysglvent that is recycled n-alkane
decarboxylation reaction product.

In further embodiments, the reaction can be carried out in a continuous stirred
autoclave with recycling of reaction components. Further, gas phase fixed bed
reactors, as well as liquid phase slurry reactors could be use. Of course, these are
merely representative types of reactors and are not intended to limit the scope of the

invention. One example of a method for heterogeneous catalytic deoxygenation is
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OC. Reaction pressure can be in the range of about 400
kPa to about 800 kPa, preferably about 500 kPa to
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to FIG 5, catalytic decarboxylation occurs at 300 0C
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ggg)e(; SlRﬁ% aa{c%elgdlna Stobtﬁ% rh%g@tgo%ﬁaﬂ%%ngagy glkciol(r:ttaptélgsl gne or more

Pegagidns that alter n- alkanes through changing the carbon chain length of the n-
alkanes, changing the structure of the n-alkanes (e.g., converting from a straight chain
to a branched chain or a ring structure), or altering the intramolecular bonding of the
n-alkanes (e.g., converting single bonds to double bonds). For example,
hydrocracking can be used to alter the chain length of alkanes, and
hydroisomerization can be used to change the structure of the alkanes, such as to form

a specified content of cycloalkanes and isoalkanes in the prepared fuel. Similarly,

aromatization can be used to alter the intramolecular bonding of the alkanes to

33
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n- al kane product fromthe solvent, as well as the
cat t he I nvention,
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gﬁ}% formati on, and conpound rati os. Know ng these
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desh % St (! helta%{f?@re(a'cto?set ‘Sﬂaf‘ggff{fg%éeﬁg?ﬁg@f &%fgh%%malﬁmg

di esel engl or a
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hl hp051 ion oapqowde the correct ratio of alkanes, cycloalkanes, and alkenes.

In other embodiments, though, it is possible to prepare the final fuel
composition using only a single reforming reactor. For example, in fuels, such a
diesel engine fuel, where aromatics are not necessarily required, all necessary
reforming could be carried out in a single HI/HC reactor using suitable reaction
parameters, as described herein.

In still further embodiments, it is useful to use two or more reforming reactors
in series to achieve the desired final fuel composition. For example, in one

embodiment, the n-alkanes from the deoxygenation step can proceed to a catalytic
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invention to prepare a particular fuel to neet a
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c ancqswe]n tchenubtedn deticdi g Btchtypetcan,an pamw; w@pt:mieurroenq shaie length
ounds .t o

o ST P R R pheds o M PSS R pare pecific fuel type,
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| .9, tlhaeofdldéﬂg F&d., smhqxslstaaﬁs)lqldamdnrmaee 1 Eact- akkanep sochust
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o PR e LE O b PER S By e agpess with a
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the necessary conpounds in the necessary ratios to be

c tmisiodi dreeappeopsipeecdhiinclengrb). Thyseit (seclepr thyt éhe antigs process of the

f %?elsentquwee% 1|on il I € cus{olﬁ%lzed & prgpaa%g 5 Islg]eeclfe R f.]eFofr %}e(alullple, if
biogasoline is desired, the lipidic biomass can be chosen to be a material rich in
triglycerides that will undergo hydrolysis to produce FFAs that will undergo
deoxygenation to produce n-alkanes that can be reformed into a combination of
compounds of the correct carbon chain length, chain conformation, and compound
ratio necessary to meet the standards to be considered a gasoline engine fuel. The
same considerations can be made to prepare a fuel that meets the requisite standards

for a jet engine fuel or a diesel engine fuel.
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For exanple, in one enbodi nent (such as in the
preparation of a jet fuel of a gasoline engine fuel),
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diverted into a high tenperature reactor set-up for
formn arona ..and the renmn n ortion_of, th

n-al ka C%‘f% S a b Grorraiand S Bide i pReescrbed ay
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cl oal kanes..and.ol efini,cs). .The H /HC r tio
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r 8actors Eor exa sel “engl ne

f uplionaliféncuding ﬁaﬂlkams aneé cmbmn%ce&&&ﬁmdm/g produdt rsedams in the

all necessary reforn1n could be carried qut in

sEPRF nrallranes fsealkangs: Wﬁg@swpb%ﬁ%@&%&q Rsrthe desired fuel. In

p@ HRPELEEEmeAR m&fef *%?QT gke&/ﬁéﬂ"refdrﬂm% fslchrricd o'ﬁh?srm%eactors n

odinments, It Is use to use two or nore re
r eactiares wlreresmforeﬁng cmapmseem ushef aiemlgkeerdao‘ta)mﬁje récwezlermg step
conpasition. For exanple, in one e
o SRR it AL R by RO SRGRedPp-otwamndsh i
c @Ir@&id)ytlh SHEREIOf n-hRban &ASdallkdn8s: iohtatcd: §RISIAMSs rafib to be the
| east "a portion of the HI/HC products ‘can then proceed

dudﬁfe@tilfyeh dthos.an sereond embo@WniSCreﬁ@mme rcan mqprrg dpecific step of
aronat i. % | ‘# ?t anes a reactor seri ‘ that i
s&Y20B i dé?ﬁl B 1%% 4o MG Cﬂ% %lﬂﬂ YTAUpF 6%°8¥%18‘sg Dstream that is
a@ﬁ@mgnﬂgmkgdqhsmkmﬁﬁﬁilon for preparlng a bi ogasoline
product. As illustrated bﬁ t he foregoing, the present

(2

i nvent iHaTays @mbpﬂmﬁna% ofythe Haentiane Fetomaing yncludss Begma of
EQtlafyg‘g B 1 b choget( n BAEP §1§ M%Qie@lréw&}a rocg}‘ P'@J hﬁﬂgoqueldﬁfg

the present invention is eSpecl Icia
begguwsted ot 1sl | frefenrtid tantiPz-abbikvictatlicswixi € i, RI‘eJ &Q&uﬁp&fﬁdtdm&n acidic
recognition of a series of_ praocesses that
c & rmedifisdi alppingers @ge? erd foidghydrasyelizafign i(aa@lﬁ@ﬁlwoa) The

dasdifldxinebr mi/Adusimapdkhe Ehﬁqféjﬁémttﬁkedéoﬁg%ﬂa On Ig]tq? of the

paranmeters as necessary to achieve producti
d@sicngch pnoeéss chinderexd wplties biafictimsgat (Huedilekaé,r‘mogasolhte or bio-jet

pr.oce par ters be.adjusted to,f

PERSE ang Tordipeh R SR o R Qi S e Ba Srhttad Sompounds)
t ¥ 6@kesthibiR f@llelﬁiﬁr&qn HR! coldthEw RS R r@s Jf@ﬁé%@g Extensive
conpounds in carbon chain |length, chain conformations,

ahwn@btngdbn@gh iaundesirable @g@aﬂys woll tfues bet(stancdpdaxi fHog a bio-jet

of bR A SRR rmBERL 7 ERER ARG o B et Wliduoe he

t av@rh &P Sorem SRS lafldi i‘mlﬁt‘é% tHe)ddR-flow properties of the fuel. For a
biogasoline, extensive hydrocracking of multi-branched alkanes can be useful to
obtain the desired C4-Cg branched alkanes with high octane numbers. Over-cracking,
though, to light (<Cj,) alkanes is preferably avoided.

A delicate balance between metal and acid functions determines the

performance of hydrotreating catalysts. In the present invention, catalysts prepared

from amorphous oxides (e.g., silica-alumina), crystalline aluminosilicates (e.g.,
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it may be desirable for the n-al kanes entering the
reform ng process to be predom nantly of a specific
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According to the present invention, it is possible to

custom ze the deox atjon step he n-a nes
oot diiicaplimip e R it e$/§199nlq$‘ hihddepizhy 1 Wi
chgldthesepgbbugange. This custoni zation of the
deoxygenati on step can be facilitated by carrying out
deoxygéfydmlmmmaﬁcﬁ%ydrhaaclang gl Chat/dac Wydkmag@mnally

hai i n_the.desi Cl
< OPEss dpblftite Bepgans Hien uP g iSRS pfa AR Lot
a%n@@mbﬁ&iasﬁm@pmpmee deinh @ dekifsd EadipRAdPIaKE degredYatios, and
beglnnlng the process with a lipidic biomass that is
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pdasaead tawiy® pichamaticanlr ipecﬁ‘u&bﬁmbaﬁd; deperptigpagon the desired end
specj fic fuel For exanple, if_biogasoline is desired,
t ﬁ@)qupfpﬁua dnpREieEs tE%Hmﬁ%SScPﬁ%% Hmpé ty Broxideghedgsied mix of
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produce F genatlo
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gasol i ne engi ne fuel. sane consi derations can

menié deaseased ppdregen prg@nretbmln fayeearontatigatiome Hagdnater control and the

7 SRR Rl Pl Ao bTRETRAREL Pk Csp el BRI ravored

| QAR RO agiaie Rl el SRt agidened b aT wi&dl %hcﬁf)n conditions
recovering hydrocarbon conpounds. Said step of

r 68HYBRPTG 4 tsmpereariglaiirhogt aHEEnieaabeutiRp 6f andreprossprefgbout 1
&%,ggmgg§ﬁ; pgd herein for achieving the correct
|

naton conpounds to make up the desired fue

p r oducThe keforneixg sieb @f thareationeah bduseinb ,prafpaf@crdmpwndsa@f a
conpris uslng separate reactors to formi soal kane

ar gy P& shain irdethy crcasraky derendied nondhs desye F’i“h@f0§t1%t§‘nd the
Ce teﬁ'm&ﬁéﬁargﬁ%ﬁ{a@érﬁg (th® ﬁdemb&agkzsAs ?F&'ﬁfs Vit (Fleglmal fats

oal kanes m eac arate reacto opt I'ona
[ gcmandlyng)nnprasle Iaamaemtyanfdjlg amb(pifaty adidls. rBfusy ammagprity of the n-

r duct s rea e correct n-al kanes .. )
B NRbs tedBe R A s RBF S havs symilmgarbon chain
de;eﬁll fiRd dflé%{lrse |tRe B&MEt o HRAEH AR Bichnash @AY EEustGTHIEEd RSresult in
mhen r ef ornlng is carried out USIng reactors in a

s érd prsdustionieé reillratothng a1g peieplarly emeniide i efarming into fuels

e re tor t he regaver ste can S
< RS SBER omncbtnd ERIGIL B LR TR gippod invo the

C @é’f@ﬁhﬁﬁg Step _@thd ivétiogagy cd)tﬁplﬁiéﬁC()CQE(ﬂS/@focarbons In specific
n- al kanes: 1 soal kanes: aromati cs: cycl oal kanes ratio to
pemppg@iments, the n-alkanes mixture introduced into the reforming step of the

invention can comprise C;5-Cy7 hydrocarbons.

In one embodiment, the reforming is particularly customized for formation of
jet fuel. In such an embodiment, the reforming can be customized to prepare a jet fuel
mixture comprising primarily of Co-C;g hydrocarbons. Preferably, the mixture

comprises C9-Cy4 hydrocarbons, and particularly C,9-Cy4 isoalkanes. In further

embodiments, the reforming step can be customized to favor formation of carbon
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desired fuel. Thus, in separate enbodi nents,
recovering can require a specific step of m xing

wo p@sidte@l product streans or can sinply requPCBUS2007/086023
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recoveri ng a streamthat is already in the end-product

form n vari,ous enbaodinents of the inven
@%P frnsgrsishely b@)efﬁlgd ag@pavn@tlaﬁ SPaLbe ac lgivedar%atalyst

C Rosposiftas st RictbN@ndRDhS 8ch HOl; lﬁ’s&é@ﬂé%\vor%@ﬂmcrackmg products
hydrotreating, supported Pt is pre erred, Pt-X

biloetamolesslaf Xerght cgmRandSOr l@dppmmmam modem tthere highly
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the fuel. Extensive branching, though is undesirable
silﬁ‘?éléa’@ff‘?rs wi || reduce the Cetane Index. For a bio-jet

fuel, 35 & éélulﬁ%u&fn Heed Q&:B'ﬁimggo th%ére@&tlﬁ PESI? gwludlng
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bi ogasol i n Xt ensj ve h rac i - d
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b %@fgﬁ?g{;\gk 5@1631% rﬂ‘étﬁlrhnla')gﬁ @ffotnﬂﬂ BUMREeh&al, including other noble
Over-cracki ng, though, to |ight (<C4) “al kanes is

p netads. alml Iye%vr@d d@bo imedes th@@a@lmatmmsebekamvem ﬂBefuabtlonal
and g,c funct i or@ etter m nes Eg or ma%} tional

hyaF et @RRThY * SATH) aeona) Cf?n%ﬂ%lefb NP %%@P%hona
Cabmbyisdng PHEMBfaE flinktiOnnl avMpHirast H¥ifERSioh A cBtalyst according to
silica-alumna), crystalline alumnosilicates

( EhegpreseabIny eRsEN Cag FEMETIFG %@%hl@: Aickd (pHuBstelicd gs descgbed above in
S |
oE ik gt R bR By LT E Oy A AR eyt of o

nbélikaas! eyt a&doydlﬁ@ tfpl‘hle $is&ntompaciralsig com@risesal dodid @sidic

pr epar ed |n t he ductlon step with a catal yst under
c SHdrtaloHeh app asitie Beil ogideo IhPerken aabodieg %o%a@ﬁcfgnctwnal

pgoﬂﬁﬁ o B‘lﬁg'lc{l@ﬁa!l Qatal n bR LEES W&?%Ct FSOXI ﬁ‘l@rﬁe g.,

rticularly be carried out using a nono
bslﬂllamtunmna)L alsolinailgateadegbtes (Ref pamd Py and mbamdimmlmloqrﬁoyphates

efu t he css can be djrect dto
AP D P R Sar R mAer Hls s R g 0 S s qgamples
d a8d al%qloeﬁﬁeﬂaesz %Jﬁlhltfty@éooﬁé Bf R ﬁﬁxl’e%ﬂbﬁr Raﬂh&e oMeP S RBmaterials
can be tuned to provid desired m x of isoal kanes,

cpmvaxhnk asidis, remtmn artoreadibemgt appildabf gerﬁn@sr@@atalmmafunctlons as
esccllrl (‘i:hfru%l C r(ﬂﬁe useﬁgg aﬁlh % thh LSvehfion be achi eved

R 29nty St FHhALCH B § ng Process paraneters:

In addition to the chemical makeup, catalysts according to the invention can
also vary based on physical structure. For example, a bifunctional catalyst according
to the invention can be provided as discrete metal functional particles and separate
discrete acidic functional particles. In a preferred embodiment, the acidic functional
component forms a substrate for the metal functional component (e.g., Pt supported
on silica/alumina). Moreover, a monofunctional catalyst according to the invention
can comprise discrete particles of a metal functional component alone or supported on

a non-functional substrate.
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catal yst conposition structure, reaction tenperature,
reacti on pressure, reactor residence tine, and ratio

wotoosyo2zegen to n-al kanes. For exanpl e, hi gherPCT/US2007/086023
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tenperatures and decreased hydrogen pressure both
favor %2 mati zati on. Paraneﬁer control .and ng effects
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It Etgﬁ)réslé l%bEe !&Qﬁhﬂglti%ﬁ ?ﬁ’ﬂafn‘lf frsﬁgﬂggﬁyﬁi@%mag@ ﬂ?ﬁl%kérﬁons) leading

n- al kanes m xture i ntrodu i'nto the reformng
stemtdfsttdeactivatrtent i on can conpri se C -C Chydrocar bons.

In spegifi nbodi.nents, the n-al kanes m xture
| nt r oadBIPARESBS Parsmerzy TR s sopiplied
CafcoR@iPREd B ifventibd tHIYVEIHOGABRMS thd Fal@ke beReditiimbtal and acid
the reform n%_ is particularly custom zed for formation

i

offurjctipns efethe bifnctioosl RMHEwbtadNsremt partidwary & sontenipfdmmetal
BB e TR Bl b LB A B,

MRSt eNa@npt€ i & ibsfasctiohG) dalal i dtho eEdd GiectioAdl @omponent can comprise
parti cul arly Cl10-Cl14 | soal kanes. In furtoher .
e M GRIRPAIH £Q70 Bynwcighirfiths erelyttewp abopt Bostrdriabe 30§0, up to

f ' [ 0 t :

o B 2D TR 0 o 0D ARl SR R 4P iyt I specific
c ompodintcnonthametaldantt@nacandioneottengancdeboat). 0 $¥oad about 10%

f .hyd [ d I | ecyl i gh

e B psiate) Torcaripiar-opBeniey s s 1 M GVoUEE € Appud OHghigabo
branGNediohs QBB 1% RGLEILE Yo %e@ﬂ@a@ut'@@@kc}‘%&% 694 By weight,

anot Her enbodi ment, the reformng is particularly
c us tloit 9d o foorbofind Yty vesiglufof glas@itdlyst. 1 n such an

enbodi nent .. the rﬁforrrin an be tom zed .t o _prepare
a i xt OPE PGBt den dBRBFeR R ety i fi e tegcpiph
hyghiReatRng prék@berieih Yhe pfr&8oullx 8dkcBbdBraf@ds Moz 8chnhfle, higher
conprise a mpjority of Cs hydrocarbons, and
pagaciignicareyat@ss (in the range of 400-450 °C) and lower hydrogen pressures will
generally favor dehydrocyclization of alkanes to form aromatics. Further, higher
temperatures and higher conversions will generally favor hydrocracking over
hydroisomerization.
Petroleum-derived fuels (especially jet fuel and gasoline) contain cycloalkanes
and aromatic compounds. Consequently, to ensure complete compatibility of second

generation biofuels with existing engines, it may be necessary to produce

cycloalkanes and aromatics from bio-renewable fats and oils. Accordingly, reforming

39



i soal kanes. A variety of catalysts can be used
according to the present invention including

woewsfiedzes i onal and bi functional catal ysts. PCT/US2007/086023
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Monof unct i onal catalysts preferentially conprise a

nobl e netal and can | ude | 1ics haying
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cat al yin ﬁlrfh@hemb@hmeatg, deaerDdedanbe eamled oul ﬁa bédifugeithnal
acc rd| t he i nven

o RERb ek Mo tn oreay Enlepd reblaRgthihRE bR R an P8,

Cam&hisie (yaaﬁaulmﬁefﬁereﬁl RbByB| R&ISn$ tuppotttd 8a afr@¢idic alumina
exanpl e, bi f unct i onal catau%it according to the

i ANRDOLG (érph@ércltréocbﬁewu@aﬂa)s seaeple, Goaventiongratiokyal
P& ﬂrﬁ% %%orﬁﬁﬁg gﬁ%?&?hﬁt Qﬂg%%%{ogxé%ct%{h‘}%r{]&&&ﬁé %ﬁ%a!ded gasoline

par erre e acli
f umalykzo ll&hne:dnmdmmhzfaaﬁmlaa lsfilnstioail pathatyt As pAgti@lsly
functjonal n;onent Pt supported on

s AFICERP IR Cat%?%ﬁ&é&é Za n%lﬁér%ﬂ&mewér acat al yst
aﬁ@l%r(ﬂ+ @gaﬁ&ﬂﬁﬁoééﬁlﬁﬁ ﬁfﬁ@tl&?'ﬂ AREHRE e fe@ﬁlﬁn% olefins on

particle unct i onal onent a one
s apidoittea tbaswpodechemcs akbrryhd:arbeubmn natse . TRefooroistaple secondary
a ncr eased

reacti.ons. are, t ca rr ied o

ﬁ%srlam% u%q-:rﬁ%selsi tihg Slosireda e Jaiopgis. Subsequent
Hh{efd@ 58f QUItHyLEd Ra@ldhanes ¢ arbraexgaer dddedtiPtelyPbenene. This
tenperature of Up to about 600 OC, up to about 550 OC,

orts Wl@l@arébbwful 5o rdiag to ﬂlesp‘eanitlf)n & therbio dilerefos the reforming of a

 ShoE PR MsBE o B el TRt Sedil G ShtloGetiion of
apoitr 8kehBGucrBotHe G0, fmpoanaddetroleum naptha, over bifunctional

catalysts results directly in 1-6 ring closure products, such as alkyl-substituted
benzenes. Tests using n-tridecane and n-hexadecane as model compounds illustrated
that aromatics (such as toluene, xylenes, and methyl- and dimethylnapthalenes) can be
prepared in addition to hydroisomerization products. The optimum hydrogen pressure
for dehydrocyclization is determined by the need to suppress coke (mainly polycyclic

aromatic hydrocarbons) accumulation leading to catalyst deactivation.
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500 0C, about 350 OC to about 450 O0C, or about 400 0OC
to about 450 OC. Reactor vessel pressure during
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to about 20 MPa, about 1 MPa to about 15 MPa, or about
1 MPa to about 10 I\/P Pr ef er.abl the r actl ons
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about 0.1%to about " 7% by wei ght, about 1%t o about

6%6Htsynatieiof h typie 1sa>b®ultzat®nil%dtf@rm n@W@ﬁys wmvghm BG. 11.
the catal.yst. The .reformn
cont r oMW s poRitPep E HglPHETh sl b P ot rapgon
p 'pﬁﬁﬁlbltrs QrdnbAd -BranbRedodl MO UMulti-Besichdshlithne aag 8 Sconld@fy products
exa hi gher reaction tenperatures (in the range of

4@0d ocr@\ykla&ﬁrqd@%é(a ﬁlyw@gxfrmqsimeggm mojgeular weight species,

9engtalh Ynd @ﬁ%%gﬁﬁéﬁ{ g%er 1{1{%'&1'1195‘ i gﬁﬁulh%ré&'h@i

aromati Cs. errpera ures an

C OpRoass iConscquthtly, Gemer alalkyné Werﬁmﬁwﬂbfaﬁﬁﬂ(hy@o@&’c&ﬁng
hydr oi someri zati on. Petrol eumderived fuels

(BEBESal 1y jet fuel and gasoline) contain

cycl OaH%QEIgﬁ% i BY RB &lc?c?lgptgl%égﬁﬁé in %‘F&ﬁﬂﬂg% gf] the@nventive

ensure conpl ete conpati bi second genera
bipofeass ®@mprises ®kYodtyi wejgetrRfionersolitietY Ry eepreckissmnyextimnge.

uce c cl oal kanes and ar amat | rom bi o-rene
P SREVE R BETGR PP BOR TR by BT Gund i Reptadecane

Par Rl nSa SBMLf diktcRahtobRvE Rt Lh&Y 500 pﬁlg\mr The reaction
vapor - phase dehydrocyclization (DHC) of al'kanes to

apurducis @ger tAmrha)vrSZramt@n tamlare yleusiratetlito thegthremaip grameshown in
%’e F ﬁzvgn{‘ %egx g hgogﬂlﬂ)% rr?cgu&‘t: earr%: gnnbrarrlﬂfl glaﬂgﬂéss(mcludlng
methyl, dimethyl, and trimethyl branched isomers). Also observed are Cs-C4
hydrocracking products. Due to the underlying carbenium ion (B-scission)
mechanism, the yields of Cy and C;5 species from the C,7 feedstock are negligible.
GC and quadrupole mass spectrometry of the gas-phase products revealed small
quantities of methane, ethane, propane, and butane. Evaluations using a 1 wt% Pt on
mordenite (Pt/M) catalyst demonstrated higher yields of hydrocracking products

under similar reactions.
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catal ysts (preferably Pt-containing catalysts). Hi gh
tenperatures (such as about 400- 450 0C) are useful
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since the reacti on i's strongly endot herm c. The DHC

mechani sm can i | ve onl transiti o
( monof 8?4361?1%{1“ mgptss it bgy R?éflﬁl)?a\ﬁor et eth}i?r%’ioPrt%HmVlde

neh@lysRRdd @&mguarsttﬁa arsé pdrhEuISUP BRI féb]%&arﬂaﬁg Bddhsoline,
cat aI yti c pat hway) dependr ng on the catal yst
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h. lite funct | path i
SefEER IRt s v BRI St Ao AL B ot a P
menafydiniatal @0ahL GadcRkétstos af 3006°C hitD1 WOQKW B).. The heptadecane
Met hyl cycl opent ane resulting from1-5 ring closure
alcewyegdeuificr dPaninpies wap gssenigallyak0060, gnd gregior $han-%5% by grass was
|
B R B bR RS AR S RSOOSR

| andlyis, he Bh(ﬁ)ﬁibﬁfﬁ I® ﬂB,Slndﬁhﬂe& feat Dproduntdecrearmix@de ofibranched

via a bifunctiaqgnal pathway through use of conventiona

r é% AR glkeBesal N Fromag e ey %lora%kaars werpdgteficfe Ogp-ppase products
b d SRy e &M Jons R, Sn) supported on an

acr dsq &]ulll) umLl ng surl)po“r Oscﬁchon%s A -nodif ed supports).

For exdhpkabor onmbert dismhhticperbh*tmhedr mﬁtenra)ph thher atdhorydiretgeating

catal ysts that are roduc h tane
Bl kit AL S CehlsiDs Bk St Toa i U Sk S ies e

v luﬁreadéal %a'é&lﬁ{e' @@@blanﬁgﬂ\e@m a&ﬁe&% QY 'cféfélh(aﬂ%@ 864 hidgfhtic

the metal catalytic sites nmet al s) provide

a comhyehds genand ahwvh» dTlmgenlémsU@tﬁdflu eGi bh, Thaméigure also illustrates
sor tlon 0 resu rng f|n id sites .0

© BN e P2 kol A iufiie Al Bt v RpyRher average

Shafid @y Q@i any nmoad auétrﬂl tHRmdAaReligiRE (kesEddt jet fuel) range

closure to yield nmethyl cycl opentane. Subsequent netal -

aRemagrdicaped Josdaickdiend. ons | ead to cycl ohexane and

ultimately benzene. This is particularly useful

according to the invention in that it allows for the

r@ha@ﬂﬂngomﬁya Cl -Cl1 al kane feedstock to a surrogate

JP-8 fu Speci fically, dehydrocyclization of hig
al kaneér%e SIRcRssy thimvesiongs EBHS af{?agctrrrres%m @umple available

n

| %ﬁ%{ﬁ% fopﬁlgf%?ingﬁféé1%196(}3:{}10%?9%1}{% LS g{su@ﬁ W pSssid S€hE ¥nerey
alcenytbntsnflitist lipidicébdorbess Z@n escablefits Thes sgichicved dematheds

and, n-hexadecane s nmodel conpounds.illustrated tha )
T 0 6 Mo TR ety SRD R BT i e fpm e gydrolysis
dbr&terkybaﬁmsrrah en gﬁj):e@ﬁay ?ﬁodﬁ&ﬁﬁaﬁeﬁydrayag didde@wit®heat

hydr oi soneri zati on produc he opt1 num hydr ogen

p pe@@ugetwaélrthwewpdmmymomsar andrrecroyetise@fenmnaé dndygy phexiting fuel
need t u coke ( clic aromatic
g SaRE L PR AR AOYE , 2l Yo

deact i \A@lﬁseﬁﬂ ﬂgﬁrdlff&n&[’fb@ldteﬁ@@ Emergy balance is the energy conversion

hydr oi soneri zati on/ hydr ocracki ng of the n-al kanes
efficiency, as defined belowin Formula (11), where LHV is the lower heating value.

Energy LHV of Produced Fuel
Efficiency (LHV of Reactants + Input Energy)

(11)

Determining conversion efficiency must take into account multiple factors. Table 5

below provides examples of material properties that can be used according to one
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produced in the previous catal ytic deoxygenation step
can be achieved using a bifunctional solid catal yst

wa@omsite2dng of plati num supported on an aci di cCP@EUS1007/086023
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oxide The Pt sites provide a
dro ﬁ%%on/h dro enatian func Elon nd adsorpfion
eé‘% P Ay B é@@&ﬂ%ﬂ%gﬁe th%l atg epg ey Ffigdency of

g %{beih@érﬁ%ﬁze PRKLAd atbfyco%@srebﬁﬁiﬂumdﬂgf&ransh@%ue%ﬁenwplay in
ion i nternedi ates undergo skeletal isonerization to
motler sihpdimentsrof itheer ipverdivb gniagss, sansashie thermecpiost ami afdiegasoline

% % ) to regenerate the acid site. Subsequent

8 8§§ t|on of the resulting alkene (at a Pt site)
produces nono-, di-, and tri-branched al kanes.
Hydrocracking is a closely rel ated process resulting
fromb- scission of the carbediabd on internediate.
The extent of the hvdrocracking can be controlled to
i mpart
pr oduc
the al kap gl t&afE can be cagphpgd out to peguce the g5
average_c bon nunber as necessary to | ove the
col d- f | BiReFrBpérctd es of 8H80Q uel .~ A sc%gﬁatlc of a 847
typi cal was@neri zati on/ hydrgcracki ng neg@grk i s showoo

in FIG 11. Wth the app i ate bal an of Pt and

aci d si?é@?r he primary ﬁéggéion produgsg are 1,261
nono- br Hydtogen al kanes. MR20t91dbr anches Idl.¥anes are 0.089
seconday,y;Rhoducts and h ?Q racki ng pﬁ@ﬁucts (a 777
m xture o% nmedi um and |OM/nD ecul ar mel% t speC|es

rel ati v&8o the origi nal 4h089 kanes) aré&Yorned in
series fromthe nmulti-branched speci es. Cbnsequently,
hi gher n-al kane conversion w |l favor hydrocracking
products. In a specific enbodi ment, a catalyst useful
inar é‘fdﬁtqug)r@tee@ﬂew ap¢rdingye ang @rebq;hm@etﬁ th@mmmtms

zeol red b
o STTRY s ook bR PR A M O TR TRRE Suliebifl the
f efierpherpueast daputdf thd Iﬁucéﬂ;s Ow il aglpleaRatadibn 30Me Qﬁeﬂggz
a 50 nL stirred autocl ave reactor under 500 psig

ThensceaEpn s15thads gudingd helpwp fariheprodaetiosn Orféﬁetlm%wf pigelP8
r own in FIG 12.
A@ﬁ?g%ﬁgéﬁ%regqohﬁ%ég%%ﬁ§$ggﬁgg%%$g&§&e Cl branched
al kanes (including nethyl, dinmethyl, and trimethyl
branched i soners). Also observed are Cs-Cl
hydr ocracki ng products. Due to the underlying
carbeniumion (b-scission) nmechanism the yields of Cl
and Cl15 species fromthe Cl17 feedstock are negligible.
GC and quadrupol e nmass spectronetry of the gas-phase
products reveal ed small quantities of nethane, ethane,
propane, and butane. Evaluations using a 1wt % Pt on
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of

denite (Pt/M catal yst denonstrated higher yields
hydr ocracki ng products under simlar reactions.In

w@eosadzoenbodi ments, it is possi bl e accordi ngP€DUS1YE7/086023
invention to provide catalysts and conditions that are

par
par

ticularly useful for producing biogasoline,
ticularly froma deoxygenati on reaction stream

conprising Cl n-al kanes. In one enbodi nent, an
eval uation was carried out using liquid n-heptadecane
and a Pt catalyst in a 100 nL batch reactor at 300 0OC

and 1000 psig H . The hept adec%@%onver& on after 30
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o s R canalysis,
wn in|FIG 13, | ndicated that|the preducts Were a
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N
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. em . yeer . .

1 ons m 71 Ng eff Cl ency by dgonverting as

0.25kwW

mud
bi ¢

N @S 3055| DI € Of Add€@NEr gy CONLENT| 9ab 3 kht@r/1|1 PliokC
mass | nto useabl e 4cidel . [ This | s achileyvedlelly |net hods

1.70 kW
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| udi ng(ﬁlwblutnebmot | Wriet’/ed| t 0, recceVerfynlgrmgrey e usEe/bf

ess o t_h%ycFﬁmr bl vsi s o nr\gég cobbustion
8Ss—S Y-S . G

of
hea

1.68 kW

gl Yicer ol by-prodeéf détf' t he hyjr&Fysi la 2;590%65 't
it exchange to al | three|chen ¢al prigegss, and

0.05 kW

r ed
hed
us

overy| aip iphter NalreRas gy of  eXi b nd Heehot pr aduat/nby
It exchamgeé to al | 4dkee| chem ¢cal prlosgesses. A

ful {1 ebe of rrerif related to enerlogy bal ande | s

ee Eat .
the eler G EBHer s| ﬁ/t%‘l%/‘?l Py a8 deffhed be h%m};bons
Foqmul a ( 11), whefe 5 the | ower é@ yal ue
EngT O LCH%QkhRESOUGRAFRUE] ETT1 ¢l encCy| 46.|Lk\1V1V OT JP-8
Regctants + | nput [Enesdgly) contained in
100 L JP8
16 Heater power Free Fatty 0.29 kW
Acids
The total energy added to the system shown in Table 6 (63.31 kW) is the denominator
5 in Formula (10) above. The numerator is only that energy that is contained in the 100

liters of bio-JP8 fuel produced (45.1 kW). Calculation according to Formula (10)
shows an energy efficiency of 71.2% without inclusion of any energy conservation
steps, as described below. Thus, this represents a conservative energy efficiency since

all energy calculations are based on actual hardware power consumption curves

44



Det erm ni ng conversion efficiency nust take into
account nultiple factors. Table 5 bel ow provi des

we@nsnbess of nmaterial properties that can be uBETUS2007/086023
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according to oneembodi ment of the invention for

PR S b L A SO B i s = 0.7,
c %ﬁla@@ﬁ @t-{fa{lﬁ‘ecs (Yi@é‘ h&ht &GO IR) hédk RosPiddhe 'réhc%r@eﬁnd reactor throughput
enbodi nents of the inventive process, such as in the

pmrgfanaétqsa felpferdliio @a%dl iG{ 0 Stdp bdnébeht hyfladglaeboss in Step 3.

MVat eri ent ecific J/

R ko TR Do B T8 PlpeSe T gRnno R pngbuhiss gdMhl thermal
Fatpuy oAgipilo:3fhaflDP2 3. MOk 847 anl¥bEfat Osed.-ad @hehqﬁ@l@ bidii£:8 F@dIstock.
16, 700 38 1,261 Hydrogen 120,91 1 14.50 0.089

nJTaImiaieize s b lrypugahermcgsm%gmra@l@@iegg@@ t@2uaxAMize the heat
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e ﬁ%@rgy forgise 8t tha Prssssreton S8EmpiGt qh atelpeareny atpiomixtys prepared

f
PBO PSR! cabe sbhdbie 60104 CrudBfhBh BPRLER (BSRA 010801
e mﬁlgsyafﬁxddﬁ ghutity tb hmrrsglﬁﬁib'gmlg hoawormbust@abrel the (16t3wa¢r deiJbe
is the 0 F 10) ab
o B S PR T B eSS T e tHe hefdURuGh i R lpsiss Qo non-
108l Hbt%@éﬁesoguclﬁ' Dpra ghé‘s%ﬁﬁ ré%fcﬁ’g Hﬁ ?(da‘t(o‘h@twé-tlﬁ%@s of the thermal

Cal cul ation according to Fornul a shows an energy
eﬁﬂﬁ@ﬁmﬁgyﬁmﬂﬁal 2% wi t hout |ncIu5|on of any energy
conser tion i bed bel

Fopr esdnts e g ErvER rEER Ry ea ks eey L BiSpgmprises
e RO tCelsBd pEHiSn BF thelp@FRED] PRepaLIdua |thd'11@fdﬂdl@§1§ stepued

consunpti on curves(punps and conpressors), heat
t r%glﬂ@thétgfxsém pepRercTatawees. (Hesncry chaisgeedhe glycqryl

ac A gérdsl?ﬂhéa?%%;ﬁhfég tsée!p ?Ertgagg{]sglﬁ c1%g?oe Ieo%ﬁde e ﬁedegsawteeactor

( gbaycm@rfof all thr&t @¢pslof tl@ntfcfhtﬁb Ppoc2ss, andell iag btowde heat to reactors
carbons in Step 3. rticul ar  enbodi.nents, the
p (b%lg‘&at%heatt ks tnihe ﬁPWé‘?me‘é%ﬁ awfl%&O%Fr%t&na|Ranéartwa|of the heating

' QH&FY ﬁBfé[}ﬁ’gﬁé‘@gé%fr tfyﬁr Nﬁétl&gn Bhrtiafh R be LAla M3FTeES

rnethod and apparatus provided by the inventors of the present invention.

Glycerol combustion can, in one embodiment, proceed via a proprictary
method and apparatus provided by the inventors of the present invention. For
example, the glycerol combustion can be carried out in an insulated burner with a
glycerol combustion chamber. Preferably, the glycerol combustion chamber is pre-
heated, and the glycerol recovered from the hydrolysis step of the present invention is
introduced directly into the pre-heated glycerol combustion chamber. Optionally, the
glycerol can be treated to reduce the glycerol viscosity. The glycerol can be atomized
prior to introduction into the glycerol combustion chamber. Upon introduction of the
glycerol into the combustion changer, the atomized glycerol is combined with air and
combusted to produce heat.

Pre-heating of the glycerol combustion chamber can be carried out according

to various methods, such as combustion of a start-up fuel source or use of resistance
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To mnimze this heat input, the process is generally
desi gned to nmaxi m ze the heat recovery fromthe end
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stage. The hydrolysis step can particularly be
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i medeningd mulctawsh@énrmbfemtmumhsqm earbusiibic ¢he., kerbsdichent
procee

vi.a a.pro tary, nmet ho .
P ovt ol BB FRbEh T FEP RE AP BRARY ROHRzad ghycerol with
Fair cBxpARds§rotibm G e RydQhark i@ My flsir REedCRN e sl thit&He atomized
out in an insulated burner with a glycerol conbustion

cghiepiel is ipiredused ity the mécwlf@@w@ﬁtlmg@ﬂ with eidafiped flow
hé r aH(f Qltr gﬁxtu%] dln ahr@egik” ¢ %ﬁl%?huﬂe%? %?191{ ge%i%?ﬁ?t éatﬂg restlacted air

olysis step of present I nvention |
diﬂbezcltsbybvhda‘d@ytmlﬂrc@mpbﬁatted gl ycerol conbustion
chanmber, Optionally, the g cerol n be treated to
reduce GIWéerwye@mowagE@gr 19g eﬁﬁ@l@mféfsl&un@gﬁ%@mce% can

gfgrr’?j]ﬁst | Bee an‘ggu{ Ripee %if@agt aésq%ﬁelag%l%e\f/]&%ﬁ‘lbumo

dn ¢ Upon i ntroducti gl ycero
i apardthe hmiwsrtbodnn@h,ethg eppardthecanmiscs dat fgllgw@godn insulated

conbi n th ai conbusted to produce heat. )
el HaL CombisoR chu it g P e oS Aefs o Canypctive
Cadbak &utln%a%%&kagnﬁ@ i) Eé&ﬁﬁodﬂ%hbﬁ) @lﬁtheséwdar@%to the
conbusti on a start-u source or use of

r @bicstol perabestivn ghambay, Wﬁge@rtb@ tineringtudes bree gnrmaotigeamipagents for
?:il.gﬁln%ooqpnqaltlﬁt%?nnl%gtﬂ? g éltclergo&/%tgne &hl ?1{1% Vs tteeﬁlgeralft%l}lrglgf atloleas% about
CONMbUSid ABmizer attached to the glycerol input line capable of atomizing the
glycerol prior to introduction of the glycerol into the glycerol combustion chamber;
and an air flow component for combining air with the atomized glycerol source,
wherein the air flow component includes acrodynamic restrictions useful to provide a
desired flow pattern when combined with the atomized glycerol.
A glycerol burner, such as the one described above, can be integrated into the

process reactor set-up in the present invention and used to produce process steam

(e.g., approximately 400 °C), which can then be plumbed to dedicated heat
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chanber. This is preferably carried out for a period
of tinme sufficient to heat the conmbusti on chanber to a
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tenperature of glycerol. After the desired tenperature
has been achi eved, .i ntroduction of the nonglycerol
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desi gnexnalalig. el hndafitidbéil Bikndpqahad dasily EdmBuReglycerol due to the
enbodi ment, the apparatus conprises the follow ng: an
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I attemptoat @lmﬁ@rg@jzceﬁﬂ mbue;ﬂlu@ﬂﬂatemﬁimgmmmwdl&ldmlttdse Fbr eample,
i ncl udes on nor e coqponents for heating
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to t ycero |nput 'ine cap
abmtmgmshtqm bmn@isyloer dlttempisap combisitghyedod ibiop asfantlind fuel
cerol into t %I cerol conbustion chanber; ﬁ@d an h
mﬁ%% PEGHH: a5 @ KOS RSN PIOVER HNPUEECsSiUbrivER gvhen
g lthrﬁfg"tQ louiOME gﬁycem a5igh B chbhnALS sﬁalrpvgfn@tmmafc@t In fact, glycerol
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ddeésmed ey ¢ndywanche figrentlwhembess ehémiadhapiekench ef asentdinetiflame.
one

algé s T (4 ugtréﬁg lby IRF rg?nllgaatblgrégaen%ttgrc nli]to aa%gl%%?ol sprayd ThE giycerol n
the 1rnrned1ate vicinity of the propane-fed ﬂarne will burn, but there is incomplete
combustion of the entire glycerol spray, and glycerol burn is not self-sustaining after
removal of the propane-fed torch. Such a method of burning glycerol is also
potentially hazardous because of the presence of localized variations in the glycerol
flowfield where the glycerol is above its thermal decomposition temperature but

below its auto-ignition temperature. Such an environment can result in the formation

of undesirable species, such as acrolein.
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process reactor set-up in the present invention and
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standard fuel burning apparatus, such as a kerosene

heedeet fremvie pitalvendnseretes g (i.conthe iy bInggnesd
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t or ch. %&queg SR i he g mellﬁlé sbqp E’él? ?Igw&p&fess can be used

pg{ ﬁetch@gkaé RBZRARIH @ﬁﬁﬁ%ﬁ@nﬁrﬁnﬁ\r@pr%éﬁé (e g@sc%ed above.
| ocal i zed varidtions in the glycerol fl owfi el d where

25 t B@Clg¢151@imgcthe hydragaveroflue 1ns|t\®dmékilsﬁemgrﬁ@shydmnn thus further

TRELAMHE enet%gy efficiency of the process.

Still further, as described previously, improved catalyst performance can also
increase energy efficiency. For example, the reforming step of the process can result
in formation of a certain content of light hydrocarbons (LHC, ¢.g., C1-Cs). Such

30  LHC are typically not desired for transportation fuels, such as jet fuel, diesel, and
gasoline. Use of preferred catalysts, such as described herein, can reduce the LHC
content. Preferably, the catalyst used in the reforming step leads to a produced LHC
content of less than about 20% by weight, based on the overall weight of the reaction

product from the reforming process. In certain embodiments, the reforming step leads

48



below its auto-ignition tenperature. Such an

environnent can result in the formati on of undesirable
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products (e.g., propylene g I'n certain

e iphedssngnbsinvedtonpr ocess of the present invention is
carried out as a continuous flow process. |In other
words, all steps in the inventive process are carried
out sequentially, with the regggion product fromthe
hydrolysis step (i.e., the free fatty acids) being

fl owpﬁ?@é%g’éth%tc?w@é‘s for i rrpr oved -ener gy ef H2G ency 72.8%
si ncenhangemgie syst em pressuri zati on function can be

per f dramgiduousfilavhdelpicppenps &t eps are performed in three

s eparsatreoflzatatyticptcor genatson stemever ,0.2hr ee sephb@t e 72.8%
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ener g;)urhlgglébrol fiyavipgiestygemepat ed in the reformng step

of t he rdBVEYtoMEr MIALESRamAH be Usedhin then:@g/ lyticr2.89
deoxy; QR step of the inventive process,
descr%ﬁg@lﬁ Yﬁireﬁ?\% ﬁ& eﬁtab R9 t he hydrogen product

i nstea ta t q. ny rogen S furth;Q(y 72 8%
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in fovastedi on of a certain content of |ight
hydr dasbrasvdredHI2/He ig.cataGiicCs) . Such

deoxygenation step so H2 energy is 1.68 81.6% 72.8%
not wasted

Implement catalyst improvements in

reforming step to reduce LHC 0.22 86.2% 76.8%

generation to 5%

Table 7 begins with the actual efficiency of a non-optimized process, as
15  described above in relation to Table 6. However, through implementation of the
various energy conservation steps described herein, it is clearly possible to increase

the overall efficiency of the inventive process to in excess of 86%. Accordingly, in
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LHC are typically not desired for transportation
fuels, such as jet fuel, diesel, and gasoline. Use of
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I nc se ene I ciency. Tabl
i linchsteraateegndivg, emdngdmmfmt afl flanee streugtht(tlomactdrercdiby both the

ossible to realize at.er .than 8%.efficiency for
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7 tmpodipng o anwmrm@s@@dfomumﬂ@shmom the leves teppepaure at
at ,start ..of. catal t|c deox nat i on ep 0. 22 71 50

T R RRHCH I G Y TEPE ST g B ey BV PGSBS o
StPeferablyl RE QMR prepratd edcofdifly tdﬁtﬁe sitveatidd @(h@m%% ﬂa%h@%nt of at
72. 8%re(£ ace heaters Burn g%l cerol in recovery boiler

alresife’ (st asarauired byl E - 8366 sThedlash poiny qanomytroulgiy be
el Tk gl 85195? ik Ile(ﬂ?kcy-Martens closed cup tester (ASTM Standard Test Method

D 93-00 Flash Point by Tag Closed Tester). In order to meet the low volatility
requirement, the inventive process can be carried out to prevent generation of short
alkanes (i.e., less than approximately 8 carbons) during alkane synthesis.

Due to the low temperatures associated with high altitude flight operations, the
freezing point, defined as the temperature below which solid hydrocarbon crystals
may form, of jet fuel prepared according to the invention should be at most -47 °C.
The freezing point can be measured using a simple manual technique following the
ASTM D 2386 Freezing Point of Aviation Fuels test procedure.

Viscosity can be measured using a standard reference capillary viscometer
following the test procedure called out by ASTM D 4451 Kinematic Viscosity of
Transparent and Opaque Liquids. Preferably, jet fuel prepared according to the
invention has a viscosity of no greater than 8.0 mm?%/s at -20 °C. Such can particularly
be achieved by increasing the content of isoalkanes in the fuel product.

The auto-ignition of a fuel is a function of both the temperature and flow field.
To understand the fundamental chemical kinetics, the ignition temperature as a

function of hydrodynamic strain rate is measured in a simple one-dimensional flame.
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the flash point e | owest tenperature at which

amﬂr@?’é%d Wﬁﬂ tlot flame globally evrimcehese sTltlih@le%%lWe% Bovedq e
|
‘b?m{r %%egaml% rGhenRR: Xor}#)egr%g (VlIltg § u@t@% p0| S of

accor I Ng Invention ex
at | eagt thdd cO&nicablsinéteophriractebyf iMportbide-i8 Bindid@tburdihg velocity,
flash point can particu]ar|ly be nmeasure d usi ng the

PEERy e MRsIsUTE as%aorebl&upé opab vifMicat aasestc iR pg a high-

h@%&ﬁ%t@t&i@e@&nﬁ [ASR fgﬁrlt 1cal rAh Q888 bl Gba8lrdd isltHe smoke

er to neet t | ow VO
point, a fundamental measure of the ﬁlels propen51ty to soot. This is important not

only from an emissions view point (ability of an adversary to track and target the
aircraft) but also an indirect measure of the aromatic content of the fuel.

The energy content, in kJ/kg, can be measured in a bomb calorimeter using the
ASTM D 4809 Heat of Combustion of Liquid Hydrocarbon Fuels by Bomb
Calorimeter method. Preferably, a jet fuel prepared according to the invention
exhibits an energy content of at least about 42,800 kJ/kg.

Many modifications and other embodiments of the inventions set forth herein
will come to mind to one skilled in the art to which these inventions pertain having
the benefit of the teachings presented in the foregoing descriptions. Therefore, it is to
be understood that the inventions are not to be limited to the specific embodiments
disclosed and that modifications and other embodiments are intended to be included

within the scope of the appended claims. Although specific terms are employed
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requi renent, the inventive process can be carried out
to prevent generation of short al kanes {i.e., less

wo baw/1eq2ps oxi mat el y 8 carbons) during al kane SREI/OHER0F086023
Due to the | ow tenperatures associated with high

altitude flight .operations,, the freezin oi nt

A BPICHTG e G RS2 ghorie id deaT iV ATSR OB Ang not for purposes of
hyeiipgasbon crystals may form of jet fuel prepared
according to the invention should be at nost -47 0OC.
The freezing point can be nmeasured using a sinple
manual technique follow ng the ASTM D 2386 Freezi ng
Poi nt of Aviation Fuels test procedure. Viscosity can
be measured using a standard reference capillary

vi sconmeter follow ng the test procedure called out by
ASTM D 445 1Kinematic Viscosity of Transparent and
Opaque Liquids. Preferably, jet fuel prepared
according to the invention has a viscosity of no
greater than 8.0 m2/s at -20 0C. Such can
particularly be achi eved by increasing the content of

i soal kanes in the fuel product. The auto-ignition of a
fuel is a function of both the tenperature and fl ow
field. To understand the fundanental chem ca

kinetics, the ignition tenperature as a function of
hydrodynanmic strain rate is measured in a sinple
one-di nensional flanme.In practice, the fuel is
vaporized in hot nitrogen and then advected into a
counterflow diffusion flane burner, flow ng against a
heated stream of air. The hydrodynam c strain rate
scales linearly with the fuel and oxidizer flow
velocities. A stream of vaporized fuel flows against a
heated streamof air at a given tenperature at an
initially high strain rate. At this strain rate, the
residence tinme is too short for chain branching
reactions to occur and the fuel does not ignite. As
the flow rates are decreased, the strain rate

decr eases, decreasing the scalar dissipation rate,

i ncreasing the residence tinme, and this continues
until ignition abruptly occurs. The neasurenents are
then repeated at a different air tenperature, building
an ignition curve. The ignition curve determned for a
bi of uel prepared according to the invention can be
conpared agai nst ignition curves for various stocks of
JP-8. The ignition curve is a strong function of the
aromatic content and can be related to the Cetane

I ndex. Anot her inportant chem cal kinetic paraneter is
the strain rate at extinction. This is simlar to the
ignition strain rate-tenperature correlation, but a
flame is ignited in a counterflow geonetry at a | ow
strain rate and the strain rate is increnmentally
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increased until the flanme globally extinguishes. This
nmeasurenent is nade as a function of air tenperature
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chem cal kinetic paranmeter of inportance is |am nar
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speed intensified camera. A fourth chem cal paraneter
to be neasured is the snoke point, a fundanental
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Che’ i noURERERamRG Sirgp Chpsineat y Rt JSAafEnsh dEtes, and
embodi gRNbAKslcsc! osed and that nodifications and ot her
enbodi nents are intended to be included within the
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aeCe BRI E Gl s il g ot sE RS B%Ful o e
| inerhdpaita@en AT WHICH |'S CLAIMED: 1. A process for the

di rect conversion of lipidic biomass to a
transportation fuel, said process conprising: (A

perf or gi ng ‘I‘Hgﬁafa%'essha\ég&‘a 3b 21T 1avah'e1%hf’¢1% 1@&&9‘8&% a5
form a product “stream co I'sing a free tty aci and

f Oﬁrlltf(pﬁsdsya rﬁz{té)lﬁlall(séles&d gr@m o Ig’m’ddeoﬂgstgig/ﬁf&hfglyeeIﬁ}&)s diglycerides,
perform ng catal ytic deox gentlon on t ree fatty
adiopoghyperies 5o fgitnpe braaéaem Wt i si ng an

n- al kane; and (C) perform ng one or nore reformng

steps on the n-al kane streamto forma product stream
conpri 8i ng ét"hnipﬂcaxseicocbrdhggdpwbandowhemilptharhi@iadisbioemised

;E%%gegg%gglgalgglgg%iﬁl ng@gfgror{lpaclolﬁglgt?gg ofl a%?rgal at Vegetable oil,

algae lipids, waste grease, or mixtures thereof.

4. The process according to claim 3, wherein the lipidic biomass source
comprises animal fat selected from the group consisting of beef fat, hog fat, turkey

fat, and chicken fat.

5. The process according to claim 1, wherein one or more process steps
requires application of heat, and wherein the process further comprises recovering at
least a portion of the glycerol stream and using the glycerol as a fuel for producing at

least a portion of the process heat.
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wherein, after step (C, the hydrocarbon conpounds in
the product streamare in a conbination and ratio
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transportation fuel. 2. The process according to claim

1, wherein e lipidic hionmass.conprises a terial )
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conmbi nations thereof. 3. The process according to
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Mwatdt i thetrBRt@Gtom Mashihetont@eess according to claim 3,
wherein the |ipidic biomass source conprises ani mal
fat selected fromthe group consisting of beef fat,
hog f a_t73 t uﬁ‘ﬁ@%m@%ﬁs’ ac@&rﬂin% 'o%ba%ﬂ lf, a/th'ere?n saﬁ‘gatglgﬁg ﬁec‘oskygenation
according to claiml, erel'n one’or nore process
skepsom@dsdsras-pappldeoajdecamtiadf heat, and wherein the
process further conprises recovering at |east a
portion of the glycerol stream and using the glycero
as a fyel f j | OF :
procesg'hea?%%Eﬁﬁﬁgﬁ%P%ggggbg%@%ﬂgfﬁg&%% C g%allfdamygmmnon
whtep ebmpsaisdhd nerafal fidededredicytalyst. st ep conpri ses
introducing the lipidic biomass into the bottom of a
reactor columm, introducing water near the top of the
reaCt09.00|QHBpn%@Qzﬁ@@ﬂh%&o%ﬁ%nﬁ@%%k&hr&@ﬁ%edbedcﬁdym
tenper ature of about 220 OC to about 300 OC under a
prespuses agwbicmeteht to prevent the water in the
reactor fromflashing to steam 7. The process
according to claim1, wherein said catalytic
deoxygepat i Qe pERPssCRIPUIINEas O - RASRITOkeeDal caflyst
8. The process according to claim7, wherein said
caprapysds paliedivigenat i on step conprises the use of a
fi xed-bed catal yst. 9. The process according to claim
8, wherein the fixed-bed catal yst conprises a noble
mﬁt a:c : llg. b’ﬂge pﬁc@%&ﬁ:ﬁorﬁﬁigdb dlang 1t Oflhlefefgi miBcatipee ﬁédkygenation
the fixed-bed catal yst caonprises palladium 11. The
pPi§e €8 @PHS 1M hphass cetplyfimdgox xgRtion Fag g Ut By Hhyrpgarbon
degxygenation step conprises |iquid-phase catalytic
deoxygenation carried out in a hydrocarbon

12. The process according to claim 11, wherein said liquid-phase catalytic

deoxygenation is carried out at a temperature of up to 325 °C.

13. The process according to claim 11, wherein said catalytic

deoxygenation step comprises the use of a catalyst slurry or catalyst dispersion.

14. The process according to claim 13, wherein the catalyst in the catalyst

slurry or catalyst dispersion comprises a noble metal.

15.  The process according to claim 13, wherein the catalyst in the catalyst

slurry or catalyst dispersion comprises palladium.
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solvent. 12. The process according to claim11,
wherein said |iquid-phase catal ytic deoxygenation is

w@aorosilextoput at a tenperature of up to 325 OC. PABUSINT086023
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process according to claim 11, wherein said catalytic

deoxygenat i step conpr.i ses S f a catal

slurr y?gr c apg&cpss&c%&t% B alert g‘ﬁ@‘%?%’&@%%n reCOVe“ng a

ag6RHIgR %et Rakhid Wrchdh foWhEd B Rid Bl et @ok§Eeraloh B8p and using

catalyst slurry or catal yst dispersion conprises a

ndis realirencadtreamsas aTmstmmnfE@SO%tbc bydiiongbowsaieitm #Bich the liquid
he in the catal yst slurry or

cafirylehdr Gl St P SR S tm 167 The

process accordlng to claim1l, further conprising

recovering a portion of the n-al kane streamformed in

sai d cafal yiline pesesoyagerrdinedn ki . amereissaidcatplytio deoxygenation

t f th
hy%bocar gé&gﬁg%gﬁ 5¢hé§b tﬁgrl:gzlg phage

catal yti c deoxygenati on step is carried out. 17. The

process _according to claiml1, wherein said catalytic
deoxygéﬁat i dRe §t’%655f%99‘t114&g te Slaymi ldewhegi seighsatalyiic of H

. dfSptioRioChAsd 8GR L ifitbrd Ard Nl doo Yo 45 1

eoxygenation i s carrie
t sulpemaitlly proatedibyi thhrnokd @xtygealand.on does not
substantially proceed by thermal action alone. 19. The
process according to claim1, wherein the one or nore

reformipg strapP$rRes a%@éﬁﬁ%qg cfa'itﬁm WhereH Qe RNE BPRioRd tcR¥ming
of hydroi someri zati on, hydrocracki ng,

detepsirtscyliertcd Soimothe geovp censisting efdtidorisonzaizations hydeeesking,
acgcordi ng,. rein said reformng conprises

¢ AEREROGE Siof, Feramediol! "2°% “rhe pr ocess

according to claim20 wherein the solid catal yst
conprlses a metal functional conponent. 22. The

pr oces30accIheiprmgessacerrding to tlaimperdpiein sted Edorming comprises

c%kgk%§k?s&%%&ﬁgﬁgonprlses an aci di c-functiona

conmponent . e’ process according to claim1,
wherein said reform ng conprises the use of two or
nor e dlfferent catal ysts, 24. The process, accordi ng

claim 2l vvhérlh%PFPC§§SeaﬁC?ré)ngctBﬁffﬂmszgsW%PT@Prﬂ%ft légetaiy@hcompnses
C%Gﬁ&&Qﬁ&H&nMﬂzgq%h&ﬁt reactor and at |east a second

reaction carried out I n at

22. The process according to claim 21, wherein the solid catalyst further

comprises an acidic-functional component.

23.  The process according to claim 1, wherein said reforming comprises

the use of two or more different catalysts.

24. The process according to claim 1, wherein step (C) comprises a first
reaction carried out in a first reactor and at least a second reaction carried out in at

least a second, separate reactor.

25. The process according to claim 24, wherein step (C) further comprises

separating the n-alkane stream into two or more reforming streams and directing the
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| east a second, separate reactor. 25. The process
according to claim24, wherein step (C further

w@ommpnores separating the n-al kane stream i nt oP€THMOSIINT/086023
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nmore reformng streans and directing thetwo or nore

;e‘gg {)ﬂ]@ro] rsé Oég)éqr eanésggegpar gﬁaé%%kyéﬂ%o%@%ﬂ%ﬁ%egcﬁ 1&(2@@ at [east second
agSefodi ng to claim24, wherein the first reactor and

the at | east second reactor are in series such that a
first reforning product Streamis forned in the first

r eact or, and i rst form

or oceedt t o Thharese S Hssbird s PYab G & rspepog and the at
f %a@ﬁéc@cﬁr@@&@ﬁaré af Qrieh BghRhadUGHt &fdrﬁﬁiﬂig pr%ﬁuct-g’ﬂsam is formed
process accordlnghto claim1l, wherein step

c dnibeifigegcactariand the brbrcaigminapiodse sggem| |pﬁocag¢ﬁ) tpgdlpe at least
r ?&%58 eac?orsxﬁﬁe‘%gﬂ i ?3&%@%%& rrét%?rﬁﬁl% Cprb&hc‘? %P”d

ara € reac Peact
carrled out in at least a third, separate reactor 28.

The prqcess _according to cIa|n11 wherein the

hydr ocalbon T88 ﬁwamcwﬁmﬁe ok dudtheisi gamd GQre@nngisgs a first
CoORlBRLdAB QﬁqP ke RGeS S&HoKd ke Qﬁ P&rﬁg%elytqaalslecond,
conposition use as a ) et engine . The

psgrReRs racooratidng letasi acthad meattiombreried uuttlh at kkydmabiad, soparate
conmpounds in the product streamare in a conbination
ahtil4t i 0 necessary to forman overall conposition

useful as a gasoline engine fuel. 30. The process

according to claim1l, wherein the hydrocarbon

conpouRfs i Ahe mOCpﬂfScmtg@tﬂi@tﬂ ctanmer, @/hbwilath@ dirdiogarbpw gompounds
and rat i cessary to form. an co S

oS DSGRERRF o SormB A S 44 PP REG LN 3 overan
aegﬁpﬁglp@l tRflagh Rtngb Gl N the overal | conposition
formed is substantlaIFy identical to a

petroleun}derlved transportation fuel selected from

the gr jet e

engi e ¥ bet T8 pielChelralt o SIS WGl o3 BoeiBon compounds
adrc i ghiraxfct Qre@hﬁarémﬂ.a covhbinetioh sidapso (&gessary £0) foan@n overall
carried out eparately and s Tentially. 33. A bio-jet
fG%WP%$%%EW@31§é8§ﬁﬁ1ﬁﬁe98n? process of claim 1. 34.

A bi o-gasoline prepared according to the process of

claim1. 35. A bio-diesel prepared according to the

pr ocessS0of dhapnmtwz@&xdﬁmaoph@ndssmacﬁomdmgqmmmbohabmmoumm

1, erejn the process exhibits
n ﬁ\l’g product stream are 1n a corn%(matlon and ratlo necessary to form an overall

composition useful as a diesel engine fuel.

31. The process according to claim 1, wherein the overall composition
formed is substantially identical to a petroleum-derived transportation fuel selected
from the group consisting of jet engine fuel, gasoline engine fuel, and diesel engine

fuel.

32. The process according to claim 1, wherein steps (A) — (C) are carried

out separately and sequentially.

33. A bio-jet fuel prepared according to the process of claim 1.
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overall energy efficiency of at |east about 75%

wherein energy efficiency is calculated as the | ower
wheasitogoval ue of the produced transportati on POUBUSINE086023

the sumof the | ower heating value of the process

reactants and the total energy input into the process.

34. A bio-gasoline prepared according to the process of claim 1.
35. A bio-diesel prepared according to the process of claim 1.
5
36. The process according to claim 1, wherein the process exhibits an

overall energy efficiency of at least about 75%, wherein energy efficiency is
calculated as the lower heating value of the produced transportation fuel over the sum
of the lower heating value of the process reactants and the total energy input into the

10 process.
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