1 - FUEL PRODUCTI ON FROM FEEDSTOCK CONTAI NI NG LI PI DI C MATERI AL FI ELD OF
THE | NVENTI ON [ 0001] This invention relates to the production of a fuel
conposi t iwo 2briasi@of eedst ock that includes a |ipidic naPeTitskolongTe?
particularly, this invention relates to the production of a dewaxed and/ or
hydr oi sonmeri zed fuel conposition that incigdes a step of hydrotreating a

f eedst ock containing the lipidic material. BACKGROUND OF THE | NVENTI ON

[ 0002] Ri sing costs and threats of shortages and supply interruptions have
recently highlighted the need for alternative fuel sources to
petrol eum based products. Blofuels have partlcularly been a focus for
alternative fuels. [0003] RODE R(¥ DSNIOCK2009/ 0158637 di scl oses

a process for producing avi @bﬁgj@%ﬁ}rﬁ?@cﬁg@@%ﬁe f eedst ocks. The

f eedst ocks include plant oi | s. The process

invol ves treating a renewahl e feedstock by hydrogenati ng and deoxygenati ng
to provide n-mgfngﬂgeww about 8 to about 24 carbon atons. At

| east some of the n-paraffins are isonerized to inprove cold flow
properties. Af000Ejast 5hﬂmimvémmmblatdseoﬂwmbﬂlhmﬁ)naufa feell matpioseion cracked to

rovide paraffins cations for. different aviatjon fuels such
gs JP-8. P from a egstoag thaP 1nciudes aﬁ1 Tl ic matenaf1 Mfore particularly, this

invention relates to the production of a dewaxed and/or hydroisomerized

fuel composition that includes a step of hydrotreating a feedstock

containing the lipidic material.

BACKGROUND OF THE INVENTION

[0002] Rising costs and threats of shortages and supply interruptions
have recently highlighted the need for alternative fuel sources to petroleum-
based products. Biofuels have particularly been a focus for alternative

fuels.

[0003] U.S. Patent Publication No. 2009/0158637 discloses a process
for producing aviation fuel from renewable feedstocks. The feedstocks
include plant oils and animal fats and oils. The process involves treating a
renewable feedstock by hydrogenating and deoxygenating to provide n-
paraffins having from about 8 to about 24 carbon atoms. At least some of
the n-paraffins are isomerized to improve cold flow properties. At least a
portion of the paraffins are selectively cracked to provide paraffins meeting

specifications for different aviation fuels such as JP-8.

[0004] U.S. Patent Publication No. 2009/0088351 discloses a method
for processing triglyceride-containing, biologically-derived oils to produce
lubricants and transportation fuels. The method comprises converting
triglycerides to free fatty acids and the separating the fatty acids by
saturation type. Such separation by type enables the preparation of both

lubricants and transportation fuels.



[0004] U. S. Patent Publication No. 2009/0088351 discloses a nethod for
processing triglyceride-containing, biologically-derived oils to produce

| ubri cantwoand/i@nsportati on fuels. The method conpri sesTASAMONST7MT
triglycerides to free fatty acids and the separating the fatty aci ds by
saturation type. Such separation by type enables the preparation of both

| ubricants and transportation fuels. 2 =2100051U. S. Patent Publication No.
2008/ 0244962 di scl oses a nethod for producing an isoparaffinic product
useful as jet fuel froma renewabl e feedstock. The nethod al so includes
co-producing a jet fuel and a liquefied petroleumgas (LPG fraction froma
renewabl e fee{iKll)S)]ck Th8. Patdtduiblioa]andée. 2008/0a8 4% dingotdhe mehedvabl e

f eedstock to e. a h digli(’)atﬂrl ]éltlcgtlg}r dﬁ‘g}h&%ﬁ‘fé%ﬁhﬁ? Eq%lfglf?télg%’% :encl udes
n-paraffins a raction to
produce a hydfé%'d?t%i?rﬁé PR s TRBYHe {]@ oRfink B3 hBGkudaR eppar af f i ns.

The nmethod al so 1 ncludes recycling t SO zing unit heavy fraction
t hrough the hypdrdesorges (Iz&G6) actioni frorn(a rpmm:h]nd:@feadstodopﬁteﬂhéﬂmdc pr oduct

that may be fractjo aedlntoa et nd_an LP fr ction. .The produced
prlogu](czlt is a }@uc#eﬁ,gy ?ﬂgggf%ﬁg a;ﬂfrg@ J@pf m Q@i@@?“ﬁ% tspgm fltﬁd
co OW DPr Opgf hiRS f 16 R e A GHA AY dRiPRlFIm aRsoC! ated wi
produci ng fuePs Pro ény varal1 ety o tgrf%nemfg% ?ge@stocg g‘I’s‘fn particular, in
t he manuf act uhpdratrdatirgcoveoavp fraceon fambdmoh I desisdbmbnishg vuahecoys desi r abI e
characteristi se of t fuel such de5|hrabl e

he, fu
characterist| ecteﬁnfﬁia@éls %ﬁswaraﬁféssﬁﬁw% Sodweﬁl@gi)%mmgf Bifficult to

achi eve. Acco l e type
Foedst ocke can o Ol R B R D R P P B OF

THE | NVENTI O\Ipfc@lﬁ@@]iﬂ' fsopamffuﬂmproducqihatdna:ﬁbe fragtorqwdl intoya jetBlel hmdm sour ces
that are consid d.rene | e feedstocks.. The process i s specifically
directed to pﬁ%gﬁig %Ct‘&n}l\ﬁglﬁ PE%‘ﬁf\SSéP’Eqdb‘ﬁ“ﬁradﬁﬁ I?rﬁﬁléﬁeé ﬁfﬂ”gﬁass

renewable feedstock having specified cold flow properties.

[0006] There are particular problems associated with producing fuels
from any variety of renewable feedstocks. In particular, in the manufacture
and recovery of jet fuel and diesel fuel, various desirable characteristics of
the fuels. In the case of jet fuel such desirable characteristics of freeze point
and smoke point are especially difficult to achieve. Accordingly, there is
desired a process in which renewable type feedstocks can be effectively

used to make high quality fuels.

SUMMARY OF THE INVENTION

[0007] This invention produces high quality fuel from sources that are
considered renewable feedstocks. The process is specifically directed to

producing a fuel composition from a lipidic biomass.

[0008] According to one aspect of the invention, there is provided a
method for producing a dewaxed and/or hydroisomerized fuel composition.
A feedstock is prepared or provided in which the feedstock contains lipidic
biomass. Preferably, the feedstock further comprises mineral oil. The

feedstock can be hydrotreated to produce a hydrotreated material. At least a



[ 0008] According to one aspect of the invention, there is provided a nethod
for produci ng a dewaxed and/ or hydroi soneri zed fuel conposition. A

f eedst ockwD=ovspa@ned or provi ded in which the feedstockctarst@iong77vi pi di c
bi omass. Preferably, the feedstock further conprises mneral oil. The
feedst ock can be hydrotreated to produce ? hydrotreated material. At |east
a 3 - portion of the hydrotreated nmateriaf "can then be only dewaxed to
produce a dewaxed fuel conposition, only hydroisonerized to produce a

hydr oi sonmeri zed fuel conposition, or both dewaxed and hydroi sonerized to
produce a dewaxed and hydroi sonerized fuel conposition. [0009]1n one
enbodi ment, apotteasif tlee lpardiraacdomatechel cavwhsebe amgl/dowakgditogireduvera zed f uel
conposi tion can be recovered. as | el. or di&sel fuel, e.g., follow ng

t fuyel
distillation. “FHV& 4el Somnosfios i eSO dhee &BR?QP%Iaf uel conposition
can exhibit ORgBfsolRFiSefuct BnpiligioP SoIRRBLLA & hirsRBIEErRAR Nt of at
| east 25.0 mm " a freeze point of not higher than -35C, an ASTM D86 90%
distillation popnotlued a2 éwaxed @nd apd®iwindrizodfiRb08nposi@Y0C, an ASTM D86 90%
distillation point within the range of from 200C to 240C, and an ASTM D86
90% distil | at Ghﬂﬂpo' Nt Whé BinBodififent, 2P 48t pdrfi b 2R delax&Pid/oDETAI LED
DESCRI PTI ON THE | NVENTI ON [ 0010] Thi's i nvention provides a process for
produci ng hi ghydpoaonteyizédigicl canpestion omsbefncommeacd gdisfuokdr dieset | ncl udes a
lipidic materi.al. The process .can advant ageously result in the high quality
fuel s by al i giohg S ISBEGHR LD B8 RS GG e B85S 6R it ¢ he
appropriate type &hpifsees &t SRSor MHR Jrusd fRRWit@hlopERMsS @r a variety
of end uses such as jet fuel or diesel fuel, and is particularly suited for
use as jet fuehok pOhlPTHdcadebs nuoka fibee nentudedt higheththan i 3H7€nam on

conprises |ipidi I ss... 1.n one enbodj ment, the feedstack conprises

i pidic bi om&%@%@éﬁ&‘[mg?ﬁ@nw%‘f“t‘“ﬂé”ﬁ%@&’%?(?{iﬁf?%ﬁ?rﬁéi%s both 1 pidic
bi omass and mpogi@lan WM TIREO®, eiREE0R Pbint Widid ihBirslige JrifRRSS can
conprise from5 w%to 50 wt % of the feedstock, for exanple from5 w%to
35 wt % from 300kt B3026; suden ABDOM D86 W% distiddiontpitintfwitm I tangé t o 30 wt %
from20 wt%to0.40 w 9% fr Ww%to 50 ww% from25 wt%to 40 wt% or
from35 w %'t 8f§8m\%6% C\I\ﬂggb[tzqr:e f eedst ock conprises both lipidic

DETAILED DESCRIPTION OF THE INVENTION

[0010] This invention provides a process for producing high quality
fuel compositions from a feedstock that includes a lipidic material. The
process can advantageously result in the high quality fuels by aligning the
appropriate type of feedstock composition with the appropriate type of
processing steps. The fuel can tailored for a variety of end uses such as jet

fuel or diesel fuel, and is particularly suited for use as jet fuel.

[0011] The feedstock that is used in this invention comprises lipidic
biomass. In one embodiment, the feedstock comprises lipidic biomass and
mineral oil. When the feedstock comprises both lipidic biomass and
mineral oil, in one embodiment, the lipidic biomass can comprise from 5
wt% to 50 wt% of the feedstock, for example from 5 wt% to 35 wt%, from
5 wt% to 25 wt%, from 10 wt% to 40 wt%, from 10 wt% to 30 wt%, from
20 wt% to 40 wt%, from 25 wt% to 50 wt%, from 25 wt% to 40 wt%, or
from 35 wt% to 50 wt%. When the feedstock comprises both lipidic



4 - biomass and mneral oil, in another enbodi ment, the |ipidic biomss can
conprise from50 wt%to 95 w % of the feedstock, for exanple from50 wt%to
85 wm % fwormbB®m3m3to 75 % from55 wi%to 85 w % fPOmMUSM0YE7TD 90
w% from60 wt%to 75 % from70 wt%to 90 % from75 w%to 95 w %
or from80 wM%to 95 wt% [0012] The term "li pidic biomass" as used
according to the invention is a conposition conprised of biol ogical
materials. Generally, these biological materials include vegetable
fats/oils, animal fats/oils, fish oils, pyrolysis oils, and al gae
lipids/oils, as well as conponents of such materials. Mrre specifically,
the lipidic bb'mmmsaild]mimmldsoibriteamﬁhermnd)cﬂjﬁpmtotﬂqeIlﬁppiidbmmqssuards Lipid

conpounds aret C i ological conpoupds that are i uble in water,
bt "sol ubl o | FOMBHTONS Rorte i 75 wTAnRS ERhel fof Sy S MG of euch
sol vents I ncl yge, Blgeafol, Srok b0 &5 to%' @UQ“Q&H‘SSW% @?@z’t%t figm QEnzene, and

conbi nati ons thereof [ 0013] Mpj or "classes of |ipids include, but are not
necessarily | Mn‘i/otte@Ot\mooffmmﬁOade‘@ T5gWip6 ghrah-@ewti’A &0 wp:%dﬁo(nl Hicl udi ng

fats, oils and pho hol, hi ne-derived |ipids (including
ceram des, celdBri8 d@s)" gﬁ{ﬁ‘? ﬁ@gv @etg%%a‘ﬁ °>sphi ngonyel i ns), steroids and
their deri vatl ves, terpenes and their derivatives, fat-soluble vitamns,
certain ar orra(ﬂOdﬂcorrptTdnnd@rm dmddic dngmadsaanuedeobaidsgan dhevaxegioni9014] | n

l'i vi ng organisns, |ds eneral serve as .the basis for cell menbranes
and as a for n?&’f)mPB% log ¢ Bﬁ?d %‘?lﬂglcﬁlalﬁatﬁ’f%lé én?réﬂﬁntgﬁ%?nj ugated with

proteins or cgyf YA Rt8%als RaRcaR gbtablk Tas A8 Mndthall faRARIOEE &%, and
I'i popol ysaccharides. [0015] Exanpl es of vegetable oils that can be used in

accordance w phrolysisoilspeehaliganlipidsiousiers vtnllltasanommoentls pfituchd t o rapeseed
(canol a) oil, soybean oil unf | ower pal m oi | palm
kernel b 1 peRmAD; Yo sorSREaTe e lpidiqBigne S e fenines cHuBerico!
jatropha oil, of ghiaR@dnPolindQ!1i¥R Anipouhli@XeeestcAly biological compounds

that are insoluble in water, but soluble in nonpolar (or fat) solvents. Non-

limiting examples of such solvents include alcohols, ethers, chloroform,

alkyl acetates, benzene, and combinations thereof.

[0013] Major classes of lipids include, but are not necessarily limited
to, fatty acids, glycerol-derived lipids (including fats, oils and
phospholipids), sphingosine-derived lipids (including ceramides,
cerebrosides, gangliosides, and sphingomyelins), steroids and their
derivatives, terpenes and their derivatives, fat-soluble vitamins, certain

aromatic compounds, and long-chain alcohols and waxes.

[0014] In living organisms, lipids generally serve as the basis for cell
membranes and as a form of fuel storage. Lipids can also be found
conjugated with proteins or carbohydrates, such as in the form of

lipoproteins and lipopolysaccharides.

[0015] Examples of vegetable oils that can be used in accordance with
this invention include, but are not limited to rapeseed (canola) oil, soybean
oil, coconut oil, sunflower oil, palm oil, palm kernel oil, peanut oil, linseed

oil, tall oil, corn oil, castor oil, jatropha oil, jojoba oil, olive oil, flaxseed oil,



5 - canelina oil, safflower oil, babassu oil, tallowoil and rice bran oil.
In the processes of the present invention, coconut, palm pal mkernel and
babassu ovb=2orresi1gnef erred. [0016] Veget abl e oil s as ref ecras2a0/06Erei n can
al so include processed vegetable oil material. Non-limting exanpl es of
processed vegetable oil material include ;atty acids and fatty acid al kyl
esters. Al kyl esters typically include C1205 al kyl esters. One or nore of
met hyl , ethyl and propyl esters are preferred. [0017] Exanpl es of ani nal
fats that can be used in accordance with the invention include, but are not
limted to, beef fat (tallow), hog fat (lard), turkey fat, fish fat/oil,
and chi cken f atameliifasoibRafifiiwet atlsbabassuliel, cddtosi oiddnd ricerbmnyoils Unttlabl e sour ce

i ncluding restaurants_.and neat. production facjlitjes. 018] Animal fats as
ot erred t o hBREFReS S 0e THF Gt R e oL A Pk ke 8K DM Non. | Lrm t 1 mg

exanpl es of ppAcesspbe.apimal fat material include fatty acids and fatty
acid al kyl esters. 'Alkyl esters typically include Cl1-05 al kyl esters. One

or nore of ne |, ethyl a opyl.esters are preferred. [0019] Al gae oils
or 11ptds ar el Wt cal 1PeeBhicaliaRtesian Gt eheRoaniits riheRbrne
conponents, Sbgéﬁﬁﬂeeﬂ%ﬂﬁéhﬁ.ﬁ%ﬂ&ﬂﬁ&ﬁ@%&bhﬁ&so?Bﬁk@k@d@bgﬁQﬂébﬂa!”5,
particularly m<roal gae such as di atons and cyanobacteria, contain

propor ti onal | ynakirgh icéwel fattphcitl$ midirty Rewlf akdleisters. aAldal esesr ces for the
al gae oil s contai

t he bi omass if%%ﬁ#h%%@g@fﬁr Z% O&éggggoI%L“E@gégfgpﬁg’ﬁ%%ﬁGﬂé?tghtmglgh;o?f
limted to, propyl esters are preferred.

[0017] Examples of animal fats that can be used in accordance with the

invention include, but are not limited to, beef fat (tallow), hog fat (lard),

turkey fat, fish fat/oil, and chicken fat. The animal fats can be obtained

from any suitable source including restaurants and meat production

facilities.

[0018] Animal fats as referred to herein also include processed animal
fat material. Non-limiting examples of processed animal fat material
include fatty acids and fatty acid alkyl esters. Alkyl esters typically include
C,-Cs alkyl esters. One or more of methyl, ethyl and propyl esters are

preferred.

[0019] Algae oils or lipids are typically contained in algae in the form
of membrane components, storage products and metabolites. Certain algal
strains, particularly microalgae such as diatoms and cyanobacteria, contain
proportionally high levels of lipids. Preferably, algal sources for the algae
oils contain from 2 wt% to 40 wt% of lipids, based on total weight of the

biomass itself.

[0020] Algal sources for algae oils include, but are not limited to,
unicellular and multicellular algae. Examples of such algae include a

rhodophyte, chlorophyte, heterokontophyte, tribophyte, glaucophyte,



uni cel lular and nulticellular algae. Exanples of such al gae include a

r hodophyt e, chl orophyte, heterokontophyte, tribophyte, glaucophyte, 6 -

chl or ar achoi2opli@p eugl enoi d, hapt ophyte, cryptononad, pdirfustéiagei77um
phyt opl ankton, and the |ike, and conbinations thereof Preferred are al gae
of the class Chl orophyceae and/ or Fﬁptoph%ta Speci fic species include, but
are not limted to, Neochloris ol eoabund Scenedesnus di m or phus,

Eugl ena gracilis, Phaeodactylumtricornutum Pleurochrysis carterae,
Prymesi um parvum and Tetrasel m s chui, Chlanydononas reinhardtii. [0021]In
one enbodi nent, the feedstock is conprised of |ipidic biomass in which the
i pidic bi onas]slofmactmictph'yml, emglélgjigidmptajahyteonttypmmmfadadinbﬁmluﬁl wt % based

on total melgh 0 i pidic. biomass |nclud f eedst
Pref or abl y. ¢ ReviPRatoBcl e SsmmanicRmoatEob i o PEHES! 915 SR ch ¢ he
l'i pidic bi Orraéﬁtﬂé%s@dl‘fﬁrofr)h}lct'ééegéeﬁ?r I%%ﬁ V\}Kﬁﬁ}ﬂé e@ﬁec‘ﬁﬁc %chfegﬁﬁstl udt0 Wt % for

exanple at least 40 wt % based total weight of the
| i pi di ¢ bi omabst dracbuldaded v, Meechler s stecoakundadQ B2 biiedeesusodintorplglsycer i des can

be determ ned ordin the fatty acid consfituents. The fatty acid
constituents Eleletie eridin Ppatiitas Mé@cqy@v%ﬂ S (Y8 4phy (GO)
anal ysi s. Thi ?) ﬁéfy%ﬁ Eaﬁvmhoalnﬁ%n%él%&&l&d? IE?JO%W% rélh)zardﬁi‘ﬂpon' fying

(hydrolyzing) t at or oil, preparing an a ) ester of

t he saponifie t or oil d.determ the t me hyI) ester using
GC anal ysi s, f@é@s] " 18 B¢ eRBisuh o RetHet s alBret ouTior | ¢y o
triglyceride plesRMn bvﬁlcmﬁe 11f)181c%16m‘3§sq{@%5toﬂa§trfg@%%h'dé%Qnt@ﬁt §Bto CI8 fatty

aci ds, based on total weight of triglyceride present in the lipidic
bi omass. For &dasird wi)o, bised oa tcbtaltWylghmfdhohpfdm bipmass thcksieém thel ecul e s

ified " XX t f i d t t hat
BB i R T L R A
linkage, i.e. whml%eﬁgﬂﬂc B1|Bﬁqa§saﬁ£§03<ﬁ6'ta'1‘ 19@&&2{&%@&3@5@&%@ fatty acid

esters, the ester carbons are not 1 ncludéd in "Cxx" and are the carbons
on the oxygenleiwié/odbr t:)kmnldaabmsﬂ@twet %lqnlaa@ast 60.\et% basegpirigtaht t he

carboxyl ate O)%gg%t of the 11p1c(iaic ’b10%na§srs In(lgclgcfe%riinctjl(lae tiegds%ock.

[0022] Types of triglycerides can be determined according to the fatty
acid constituents. The fatty acid constituents can be readily determined
using Gas Chromatography (GC) analysis. This analysis involves
extracting the fat or oil, saponifying (hydrolyzing) the fat or oil, preparing
an alkyl (e.g., methyl) ester of the saponified fat or oil, and determining the
type of (methyl) ester using GC analysis.

[0023] In one embodiment of the invention, a majority of triglyceride
present in the lipidic biomass is comprised of Cg to Cg fatty acids, based on
total weight of triglyceride present in the lipidic biomass. For clarity, when
a fatty acid or fatty acid ester molecule is specified as a “C,,” fatty acid or
fatty acid ester, what is meant is that “xx” is the number of carbons on the
carbon side of the carboxylate linkage, i.e., including the carboxylate
carbon, whereas, in fatty acid esters, the ester carbons are not included in
the “C,,” and are the carbons on the oxygen side of the carboxylate linkage,

i.e., stopping at the carboxylate oxygen. Further, a triglyceride is a



7 - nolecule having a structure identical to the reaction product of
glycerol and three fatty acids. Thus, although a triglyceride is described
her ei n aswbebng3eanpri sed of fatty acids, it should be wmoaasgtiood’?hat the
fatty acid conponent does not necessarily contain an carboxylic acid
hydrogen. In the processes of the present_invention, a majority of
triglyceride present in the lipidic bi oma4s i s preferably conprised of Cl10
to C16, for exanple Cl2 to Cl4 fatty acids, based on total weight of
triglyceride present in the lipidic biomass. [0024]1n anot her enbodi nent of
the invention, at least 60 w% of triglyceride present in the lipidic

bi omass i s conpl¢csbrhaingC8sttuwt@e8ddnacalytodlnd wactidamedudnt igbtcatol wed ght  of

triglyceride present in t i pidic bionmass. Preferably, at |east 60 w % of
tri ol yoer | do DRESER i Hour e s iBHHSEdr & Corbroiiedes 6602 o 16, f or
exampl e at | egai Q6! olil ! HGEId ENRERSEM bt B dchi di o bi o i s

conprised of Cl2 to Cl4 fatty acids, based on total wei'ght of triglyceride
present in theompgicht dodyi reassessdrdy 2&ijthim st boeylie mbiddiydsrgenofn t he

i nvention, at _|east 80 % of triglyceride present. in the |ipidic biomss
5 compri sed Hr Eacwstel g TR ARHEoh5HSRAT OOk Eiebieelgs i dn
triglyceride giasgnt. bidinbs bloRllic BIPRRSSof &],46 €1 ARvvalbld €a3h B0 Wt 9% of

triglyceride pre inthelipidtc mass 1s conprised to C16, for

exanpl e at | e&ssfa8 avidSplmhed on gityloerigladeipriglyeeride presanein thpiligidic bi onass is
conprised of glz to Cl4 fatty acids, based on total weight of triglyceride
present in th&89%35%di c bi omass. [0026]1n a particul ar enbodi nent, the

feedst ock conprises triglyceride, with the triglyceride conprising lauric
acid (C 12:0) [0024] ng tlhenotbératmipmlithGnbod:thy Invientdors at kegstadO0cwtipolind havi ng
"xx" carbons on the main chai d.e... on the carbo i, de of .the carboxyl ate
group i ncl udi ALY HREICE RrH6Ry AP RIgIAM st CRAPITRG! ohfy O fris W at 1 ons
(doubl e bonds}igg Habi&l dPdothl GRaEH of B A &R preschii® the 1igidyCeibhigs. | S conpri sed
of 40%to 60%lauric 8 - acid constituents, for exanple from42%to 58% or
from 44% t o 5Bsferablyi at lagit 0odhsof trighregde prebas sn dieHgndic deorasandi guousl y

sbeci 11 ed, el cent anes Py Rosed STl Rt AR LN R85 oRRG gl @ numoer
in the lipidic biomass is comprised of C;, to C4 fatty acids, based on total

weight of triglyceride present in the lipidic biomass.

[0025] In another embodiment of the invention, at least 80 wt% of
triglyceride present in the lipidic biomass is comprised of Cg to Cys fatty
acids, based on total weight of triglyceride present in the lipidic biomass.
Preferably, at least 80 wt% of triglyceride present in the lipidic biomass is
comprised of Cy, to Cy¢, for example at least 80 wt% of triglyceride present
in the lipidic biomass is comprised of C;, to C4 fatty acids, based on total

weight of triglyceride present in the lipidic biomass.

[0026] In a particular embodiment, the feedstock comprises
triglyceride, with the triglyceride comprising lauric acid (C 12:0). Using
the notation “C xx:yy” indicates a compound having “xx” carbons on the
main chain, i.e., on the carbon side of the carboxylate group including the
carboxylate carbon, and having “yy” unsaturations (double bonds) on the

main chain. Preferably, the triglyceride is comprised of 40% to 60% lauric



[0027] I n anot her enbodi nent, the feedstock conprises triglyceride, with the
triglyceride conprising nyristic acid (C 14:0). Preferably, the

trigl ycerwdeoigseonpri sed of 10%to 28% nyristic acid ceasiuscaentsy7 f or
exanple from 12%to 26%or from 14%to 24%nyristic acid constituents.
[0028] I n yet another enbodi nent of the in entlon the lipidic biomass
present in the feedstock is conprised of- Ieast 20 % fatty acid al kyl
esters (e.g., nethyl or ethyl, correspondi ng to FAME or FAEE, respectively,
based on total weight of the lipidic biomass. Preferably, the fatty acid

al kyl ester is a conposition that includes at |east one fatty acid al kyl
ester in whi cheitlitendtadnys, dei ekaophs fronuEXib te difpandmim #45gel56t kdrif r om t he

group consisting of capri cid (C 10:0 l.auric acid (C 12:0 rryristic
T a4 oy a0 abmm B Ao oye iR heeigh retdisds Nor o
preferably, Bkl oAl R ESERE b atnnﬁlbfeﬁﬁﬁaﬁt&%naemcanw' sed of at
| east 30 wt% for exanple at |eas O wt% of the fatty acid al kyl esters

such as FAME, coasieenon total weight of the lipidic biomass. [0029] The
| i pidic biomass portion of the feedstock used in this invention can include

at |east one jghpene. Iﬂ-ﬁﬁ&ﬁ&ee?n&f(ﬁmﬁﬁtnﬁieq@écﬁgocﬁ ohRReofihiceayat heti c
hydrocarbons conprising nultiple units of |soprene (2nethyl -1, 3-butadi ene),

which is a fi wethghe baglydeyide comphising nT}Pre;tucsaomir(éhbdr 01)1|Rrsfe¢:aéa1|y,bhel i nked

together to forman. acyclic n anc hed ar, |inearly arranged carbon
atoms) or cycpﬁg;%¥5ﬁé @%P“%foédp ﬁﬁp?ﬁﬁcé%gﬁﬁ?%gu%¥yggﬁpenes i ncl ude

he”‘terpenes1e%ﬁhﬁ@fﬁﬂ@?Q%&oQB?@&Q&@%QQ@@RE%H@hﬂr&ﬁ@%mﬁ%@ﬂﬁhﬁmﬁ&SODrene)
nonot er penes, which consist of two | soprene reS|dues (for exanple, |inonene

and nyrcene); [00%8] In yet another embodiment of the invention, the lipidic biomass

present in the feedstock is comprised of at least 20 wt% fatty acid alkyl
esters (e.g., methyl or ethyl, corresponding to FAME or FAEE,
respectively, based on total weight of the lipidic biomass. Preferably, the
fatty acid alkyl ester is a composition that includes at least one fatty acid
alkyl ester in which the fatty acid constituent component is selected from
the group consisting of capric acid (C 10:0), lauric acid (C 12:0), myristic
acid (C 14:0), palmitic acid (C 16:0) and stearic acid (C 18:0). More
preferably, the lipidic biomass present in the feedstock is comprised of at
least 30 wt%, for example at least 40 wt%, of the fatty acid alkyl esters such

as FAME, based on total weight of the lipidic biomass.

[0029] The lipidic biomass portion of the feedstock used in this
invention can include at least one terpene. Terpenes are considered a class
of biosynthetic hydrocarbons comprising multiple units of isoprene (2-
methyl-1,3-butadiene), which is a five-carbon hydrocarbon. The isoprene
units can be linked together to form an acyclic (including branched or

linearly arranged carbon atoms) or cyclic framework.

[0030] Non-limiting examples of terpenes include hemiterpenes, which
consist of one isoprene unit (for example, isoprene); monoterpenes, which

consist of two isoprene residues (for example, limonene and myrcene);



sesqui terpenes, which consist of three isoprene residues and include, but
are not limted to, acyclic sesquiterpenes (for exanple, farnesene) and
cyclic sesquontiespesnes (for exanpl e, cuparene, curcunenepPCTiusgilbossne, and
bi sabol ene); diterpenes, which consist of four isoprene residues (for
exanpl e, cenbrene and taxadiene); triterpenes, which consist of six
i soprene residues (for exanple, squal ene)’ tetraterpenes, which consist of
ei ght isoprene residues (for exanple, carotene, acyclic |ycopene,
nonocycl i ¢ ganma- car ot ene, and bicyclic al pha- and bet a-car ot enes).
Terpenes particularly suitable for use as a feedstock or feedstock
conponent incbmﬂeﬁapmksawhmhmenﬁgnﬁdedismh&mteﬂdmﬂamdﬁm@wgrbwpneonsisting
of isoprene, ngrcene ocCi | i monene terglgglene heIIangrene

cuB P

f ar nesene, (5o (on BTG R B BB RS A RamPlis SRRl At
abi sabol ene. GULEHITBORs (FRALRBILBRAIN, BALRALANGIndROEH iy one embod: ment

of the inventio f eedst oc i ncf ude at 5 w%terpenes, based
on total wei gbtsabdlemdjedﬁerper@s,cwhmbnamst oﬁfcﬁmur|1me11mes1du¢se(fcbreedstock can

include at least 10 wt% e. st. 20 wt % or at |east. 30 wt % terpenes,
based on t ot af*3iep +ﬁm%WEQQé£qt? q&ﬁ@?ﬁpﬁﬁﬁ§§s‘T%@%ﬁ? &&dst ock, in one

embodi nent , glgpféng e&sidueRi %X;E}h@@‘iﬁﬁlgi&%irh drffer rE@&@ NihichabhQt ofal ue

parti cul arIy suited to formng | onifircation value of a
l'i pidic b|onas@hSBohﬁasnanhms(ﬂmex&y@b;a&@eﬁemeﬁﬂmﬂymnenmunber of

mlligranms of potas Jun1 droxi de requir ralize the fatty acids
resul ting froﬁrof‘“ﬂ%y 15r#8 %C?{QWPB’I X ICf@P ‘L?et?ﬁ%rofqnﬁ?dl c bionass

sanple. In ong B arl§ Bt fbfeefé,% K LREBGLACS fbbRIGUC bi omss in whi ¢h
the lipidic bigﬁgggg%as améapoﬁiflcatggn value from 180 ng KOH g oil to 300

ng KOH g oil, cémpomenanplhelefat brms20@ avnpdOhil gelodted tron2®6 gnappkKOH/ g oi | or from
215 ng KOH g oil .to 270 KOH 0|I 003?1ﬂn one enbodi nent of the
i nvention, thEOISLLBREO5LseP “r?ﬁp‘tnly 8¢, qcf 0BRSS LLTREN RS> an i odi ne val ue

parti cul a_rI y EHélla%gretn@ tfaﬂ{e%rfégcﬁ[?atrene &ibrendrid€lsobagndngdi ne val ue of a
| i pi dic bi omass such as an ol i's defined as the nunber of grans of

i odi ne absor be@quh&Mdgmmnablsﬁboﬂdm ¢urpmrdene bingesscsadphatéhke | odi ne
value is preferably determ ned according to standard nmethod EN 14111

(2003): 1. In qpsienbodj %@Emb&&iﬁqe&?@ﬂt%%%nﬁ@ﬁ%é §R3stbtPLH MmcRigemass in
which the lipidic biomass has an iodine val ue of not greater than 130,

pref erably nott lgastatwet’s tdipened,2dised on tasdanpple afshe gpidatteomassarfor10 or not
O e Lt RRh b e OB TS T kL S SBRPEH v R 2%, om
to 130, prefepaphy 30nam krpied Hsed QFf tobA AWRLIR off'im&dfc%léiggss [ 0034] The
process of this invention can advantageously be perforned

[0032] The feedstock, in one embodiment, comprises lipidic biomass

having a saponification value particularly suited to forming jet fuel. The

saponification value of a lipidic biomass such as an oil or fat is defined as

the number of milligrams of potassium hydroxide required to neutralize the

fatty acids resulting from the complete hydrolysis of 1 gram of the lipidic

biomass sample. In one embodiment, the feedstock comprises lipidic

biomass in which the lipidic biomass has a saponification value from 180

mg KOH/g oil to 300 mg KOH/g oil, for example from 200 mg KOH/g oil

to 280 mg KOH/g oil or from 215 mg KOH/g oil to 270 mg KOH/g oil.

[0033] In one embodiment of the invention, the feedstock comprises

lipidic biomass having an iodine value particularly suited to forming jet



wi t hout having to convert any substantial quantity of lipid by pretreatnent
prior to hydrotreating. For exanple, the process is beneficial in that it
is not newesHros1d30 convert triglycerides to free fattyPagiusgo0/04U71i mat el y
to esters of free fatty acids such as FAME by such techni ques as
transesterification. A particular benefit of this enbodinment is that the
feedstock can include a limted anount dﬂoglycerol, whi ch can be consi dered
an undesirabl e byproduct fromthe transesterification process. [0035]1n one
enbodi nent, the feedstock of the invention conprises not greater than 10

wt % gl ycerol, based on total weight of the feedstock. In a preferred

enbodi nment , tﬁﬂﬂf@hdﬁﬁ@ﬂwﬁﬁe0heﬁ@dkﬁﬂbﬁmmnnmhpshmeﬂonﬁﬁigd@hmdmsthan 5

w% for exa reater n 3 w % or t greater than 2 wt % gl ycerol,
b on © ot aeuiidier 35 £ tiodhe tpted o Bl s At e bbaant ¢ pe
feedstock canigicldendt. @ tdaifk Pudfrbicpioly aetpfn%eéﬁeco%ﬁg% on total

wei ght of the feedstock. In a preferre ment, the feedStock includes

at least 0.5 viaarfl oretieodhlilyl e 1at (20831. In wh&embodiheas th@featdockor at | east 4
W % | i pi di c bi omass, based. on tota t. of the feedstock. -11- 100371

Addi tional |y 6PMBTSARITIEPiPMARI ¥ E@%@Ewd&mmﬁa RRgniRngyR¥t han 90 wt %

i pi dic_bi omass,ohasad fih § 98 e MRl o ek RanLPARTOantl AotPr f ef red

enbodi nent, the feedstock includes re than 60 wt% for exanple not
nore than 40 gtc%emrthamolthrrmmt glhaater AGnO% |Tn plpdrtmul:ar@nmwmdm,sthd on total

wei ght of the _feedstock 38].The feedst used in . this invention can
further conprf< StﬁdﬁFW@P]&%es PAIC PIOIRASP é"swg’fclﬁr?]il% PIJIC YPnasshigs ancl ude, but

are not limt t ( as oils,
dereral 11 zed S e S SOHEAL, R0 BTRaAp HonE (R0 30} Sy e B0y

napht has (optioh@l.ly but preferably at |east partially den| t rogenat ed
and/or at least partially desulfurized), diesel boiling range distillate

fraction (optigagy |y Ayt ppsRbesellyin@nd oﬁ%ﬁﬁ aH@Jntté%bhé‘[ y 8enkitbeagnat ed
and/or at least partially desulfurized), oiling range distillate

fracti on (opt wothabi yavimg topoet et aint ylbatantlelastanpafr(tf Iigpiid lyy ammeammngpenat ed
and/or at |east. partially .desulfuriz ker osen ran distillate
Froet] on (oot PUASaEeireAiRE? BLepTas e mOreR dr bty HewhEl Schstins e

and/ or at | eagfccRahy 't@&drb(leRQﬁg'llyf:éHde%%ifree ang &R orldlt?tﬂht‘éﬁf toflseferably, the
f eedst ock does not tontain any appreci abl e asphal tenes. I'n one enbodi nent,

the mneral obf freafattlyeicrdmedl wi FAMIhby bughi tdclm1¢p1e®rmgsnmt¢rl1ﬁhmmydr ot r eat ed
to forma hydrotreate e |.n _anot her t he neral oil can
be. hydr o r et SPTBLHENSB S Db oeR SRRt Ty FHBTods At dset or e bel ng

m xed wi th th@plifeRlafiotnPbOIAPSSol, which can be considered an undesirable by-

product from the transesterification process.

[0035] In one embodiment, the feedstock of the invention comprises
not greater than 10 wt% glycerol, based on total weight of the feedstock. In
a preferred embodiment, the feedstock of the invention comprises not
greater than 5 wt%, for example not greater than 3 wt% or not greater than

2 wt% glycerol, based on total weight of the feedstock.

[0036] In one embodiment, the feedstock can include at least 0.05 wt%
lipidic biomass, based on total weight of the feedstock. In a preferred
embodiment, the feedstock includes at least 0.5 wt%, for example at least

1 wt%, at least 2 wt%, or at least 4 wt% lipidic biomass, based on total

weight of the feedstock.



[ 0039] The m neral oil conponent can contain nitrogen-containing conpounds
(abbreviated as "nitrogen"). Such nitrogen can typically be present as

or ganoni twogen/sosspounds and typically in anounts from PCRaSm047770 W %
based on total weight of the mneral oil conponent. - 12 - in the mneral
oi | as organosul fur conpounds and, in untreated mneral oils, typically in
anounts fromgreater than 0.15 W% basedlon total wei ght of the m neral
oil. [0041] I n one enbodi nent, the feedstock can include not greater than 99
wt % m neral oil, based on tot al wei ght of the feedstock. Preferably, the
feedstock can include not greater than 98 wt% for exanple not greater than
95 Wt % not gfesarier t Heddit®ehally %r abernatety, greefatdstodkhan i8Qudd S6tmorer al  oi |,

based on total i f. the feedstock. 42] Addi.ti o al t er nat el Y,
the feedstock® }@gmf‘?og‘?ﬁtc/f’ ﬁB‘éh%]Plofné‘é% aucd gy )({0 1 gt ophe te fn‘?fgg%&? dR3total weight
of the fee‘jstrgf%lferré@erﬁ&ﬁhﬁegtoQie%éﬁstoctkrlﬁcl{l&%% Afdfe ARM donglopdgr at | east 10

w% for exanple at |east 20 % at | east W% or at |east 40 wt%
m neral oil, bsusegeont motathamdd ghito afnat heoré dedX0oeRs liplddBloAmsor di ng to one

aspect of the_ inventio edst ock. can have a boiling range |ess than
t hat of typicQngé@JHWF§ﬁ§EBP{&‘%ﬁﬁmﬁﬁg1c test method of determning the
boiling range of such feedstock, as well as the fuel conpositions produced
according to (mBS]invéﬁmﬁbmkumhmw@bﬁhympevﬁmmnmagﬁhﬁmmhmdpﬁﬁi$Iation

according to ASTM D8 9el, ndard Test l\/b hod f or tillation of
Pt ol cum profBRTE it HATEYBREL MG cei ol gira neud. butBro RorTimited o

straight run (atmospheric) gas oils, vacuum gas oils, demetallized oils,
coker distillates, cat cracker distillates, heavy naphthas (optionally but
preferably at least partially denitrogenated and/or at least partially
desulfurized), diesel boiling range distillate fraction (optionally but
preferably at least partially denitrogenated and/or at least partially
desulfurized), jet fuel boiling range distillate fraction (optionally but
preferably at least partially denitrogenated and/or at least partially
desulfurized), kerosene boiling range distillate fraction (optionally but
preferably at least partially denitrogenated and/or at least partially
desulfurized), and coal liquids. Preferably, the feedstock does not contain
any appreciable asphaltenes. In one embodiment, the mineral oil can be
mixed with the lipidic biomass and then hydrotreated to form a hydrotreated
material. In another embodiment, the mineral oil can be hydrotreated to
reduce the nitrogen and/or sulfur content before being mixed with the

lipidic biomass.

[0039] The mineral oil component can contain nitrogen-containing
compounds (abbreviated as “nitrogen”). Such nitrogen can typically be
present as organonitrogen compounds and typically in amounts from 1

wppm to 1.0 wt%, based on total weight of the mineral oil component.

[0040] The mineral oil will typically contain sulfur-containing

compounds (abbreviated as “sulfur”). Such sulfur can typically be present



[ 0044] I n one enbodi nent, the feedstock can have an initial boiling point of
at | east 100C, preferably at |east 150C, for exanple at |east 180C or at

| east 200w0 2p03E43Addi ti onally or alternately, the feederCoais2aan4trave a
final boiling point of not greater than 500C, preferably not greater than
450C, for exanple not greater than 400C. .- 13 - process in which a feed to
be hydrotreated and a hydrogen-containiﬁdzrreat gas are contacted
optionally but preferably in the presence of one or nore hydrotreating
catal ysts. [0047]1n one enbodi nent, the hydrotreating catal yst can conprise
a hydrotreating catal yst effective for renoving various netal contam nants,
such as ar senircthemiiokm®l oil andrgaacaudivn compourais ahtan vanbatdd mendral dikve

hydrotreating catal yst is also effective inr Vi het er oat ons, such as
SULTur . and HPTRGRI ooy (o SrAGT TAbLE WET DR En gl BERUAR] hg cat al yst
is further effigahinégiion. saturating aromatics and other unsaturates with

hydr ogen. CGenerally, in hydrotreating operations cracking of the
r.e

hydr ocar bon ules.in the feedstock, i.e., breaking the |arger

v ocar bon nOIVGELI e 1f b SRR e stspirtrion bes festrore iR m zed, and
the unsat ur at §9 iy Anhoead RANBasE Bneblan&bightbf e PEediRbk! BldrrabdiiRgenat ed.

[ 0048] Any catal yst capabl e’ of effectivel’y hydrotreating feedstock can be

used. Non- | i nitedstgcleranipcleide inntgradter tah ARBywetls fooeranidé ngt gedeothpn VI B net al
and/or a Goug_VIlI netal, optignally on a suppor Sy t abl tals can

i ncl ude cobal5?“ﬁﬁb?@ﬁ?EWFBﬁ@nﬁﬁmgﬂééﬁﬂﬂﬁg?ﬁﬁgg?ﬁ%p‘Qﬁ%n%%ﬁgﬂﬁgtions
thereof SuitaBh@domRBAl heighabf theGbddRcke! atively high specific surface area
met al oxi des such as silica, silica-alumna, alumna, and titania. Wile

one BreTer e B el Ve ST SRR SRR, VB,
form has beenssuhf il FAbiLBIRE RRBRPREIA: 6f Bidl fidlizRt iPBncONdi ti ons),

optionally on a support, the catalyst may additionally or alternately
cont ai n addi t mbadineonpbntedgockscrmhnaadobhleast tl Davtss, ttooexamplabtdedse. g., G oup

V netal s such,as piopju rare eart tgls,. organic |jgands (e.g., as
added or as p?Q@G/%BEf&aQéthto/vé)F a?&é‘%\“ XY &mlg‘?{agﬂglb(%?eds‘ﬁ] ‘P?%i zation
steps), phosphRidks of ARRBHRERK, boron conmpounds, fluori ne-containing
conmpounds, silicon-containing conpounds, pronoters, binders, fillers, or

| ke agents, floP™! NRLL R, KNS Rhecl WP R HE G kR fipr o 1 refer to
have a boiling range less than that of typical vacuum gas oil. The basic test
method of determining the boiling range of such feedstock, as well as the
fuel compositions produced according to this invention, can be by
performing batch distillation according to ASTM D86-09¢1, Standard Test

Method for Distillation of Petroleum Products at Atmospheric Pressure.

[0044] In one embodiment, the feedstock can have an initial boiling
point of at least 100°C, preferably at least 150°C, for example at least
180°C or at least 200°C.

[0045] Additionally or alternately, the feedstock can have a final
boiling point of not greater than 500°C, preferably not greater than 450°C,
for example not greater than 400°C.

[0046] The process of this invention includes a step of hydrotreating

the feedstock to produce a hydrotreated material. Hydrotreating refers to a



- 14 - CAS Version found in the Periodic Table of the Elenents in Haw ey's
Condensed Chemical Dictionary, 13th Edition. By way of illustration,

sui t abl e véDop/03K43DNI B cat al ysts are descri bed, for examrplralS2010/041787 or nore
of U S. Patent Nos. 6,156,695, 6,162,350, 6,299, 760, 6,582,590, 6,712, 955,
6, 783, 663, 6, 863,803, 6,929,738, 7,229,54 7,288,182, 7,410,924, and
7,544,632, U S. Patent Application Publi c1 ti on Nos. 2005/ 0277545,

2006/ 0060502, 2007/0084754, and 2008/ 0132407, and International Publication
Nos. WD 04/007646, WD 2007/084437, WD 2007/084438, WD 2007/084439, and WO
2007/ 084471, inter alia. [0049] O her suitable hydrotreating catal ysts can

i ncl ude zeol i pracessanavhsli 8 feedgo e hlydasreatet laed abtydtogeaicahtystisg treatg. , wher ei n

the noble netal is selec fromPd, Pt, and a conbi nation thereof I n one
enbodi ment of gi‘%%fe‘cﬂ@@ﬁtFéBHtlo‘??E‘ry@uﬁ Regicrghy lfl)'}li}f‘eprS?enﬁ?/H%B‘?er%rd?PWg cat al yst

may be used iH éh%%e&t AfRGLI on stage or zone. Additionally or
alternately, ere @ be only one hydrotreating reacti on stage or zone, or

there ma be 0050 her otreatl n
vty Dh el P 18 SadkipRlimep ety B e NG ea N it USRS cat Ayt s

useful for Sahyﬁl%ﬁbﬁﬁlga{a@ﬂ%t offRetiW0fdr ki D Garf AT B chfanfitéls cat al yst s

i ncl ude ni ckel; cobal t-nol ybdenum ni ckel - mol ybdenum ni ckel -t ungst en and
nobl e net al (equ;La,s apseaid, nwﬂmlaankzlmnaﬂmmaﬁl anothar atrdlogdsnent, thet h t he nobl e
nmet al cat al yshs bei ”(ﬂ suI fur s | ive, .but nore selective for aromatics

removal . Typi CYfTOREH! aéysriiést B AL ANGNE B IIPS: S 4de, for

exanpl e, N/ Myop, &ldtBsen. %’Maﬁ’cﬁh& B JABmer O Hy MRy 1RAtAS BATAIPR:
[0051] Hydrotreating is preferably carried out at an average reactor

t enper at ur e ofs farthereedbictitO@ saltmra‘amg)aﬂwlatm aiccothedursatvoateswrth, hydrotreating

is carried o t an er tor tenperature of. not reater t han 440C.
oo e col rEledh PHERR il BRGbReat BroB kit i

hydrocarbon molecules in the feedstock, i.e., breaking the larger
hydrocarbon molecules into smaller hydrocarbon molecules, is minimized,

and the unsaturated hydrocarbons are either fully or partially hydrogenated.

[0048] Any catalyst capable of effectively hydrotreating feedstock can
be used. Non-limiting examples include catalysts comprising a Group VIB
metal and/or a Group VIII metal, optionally on a support. Suitable metals
can include cobalt, nickel, iron, molybdenum, tungsten, and combinations
thereof. Suitable supports can include relatively high specific surface area
metal oxides such as silica, silica-alumina, alumina, and titania. While one
preferred embodiment includes a catalyst comprising a Group VIB metal
and a Group VIII metal (e.g., in oxide form, or preferably after the oxide
form has been sulfidized under appropriate sulfidization conditions),
optionally on a support, the catalyst may additionally or alternately contain
additional components, such as other transition metals (e.g., Group V
metals such as niobium), rare earth metals, organic ligands (e.g., as added
or as precursors left over from oxidation and/or sulfidization steps),
phosphorus compounds, boron compounds, fluorine-containing compounds,
silicon-containing compounds, promoters, binders, fillers, or like agents, or

combinations thereof. The Groups referred to herein refer to Groups of the



- 15 - a tenperature range from40C to 440C. Mre preferably, hydrotreating
can be carried out at an average reactor tenperature from 100C to 425C, for
exanpl e fwormti2BG30o 400C. [0052]1t is al so preferred t®CTArSey100t777
hydrotreati ng at an average reactor pressure from®6.8 atm (100 psia, or 690
kPaa) to 204 atm (3000 psia, or 20.7 I\/Paai). I n anot her preferable

enbodi nent, hydrotreating can be carried dut at an aver age reactor pressure
from13.6 atm (200 psia, or 1.4 MPaa) to 81.7 atm (1200 psia, or 8.3 MrPaa).
[ 0053] Hydrotreating can al so be effectively carried out at a liquid hourly
space velocity (LHSV) from0.3 VN H to 10 V/V/H. In one preferred

enbodi ment, h¢dSoVewati fogna anthb ®coadicilablcoftthatlecandnkdSy Havaey'd hr-1 to 5

hr-1. [0054] Preferab hydr ot reati ng_ gan. be rried.out at a hydrogen
treat gas rat&op eqsﬁ‘i%ﬂ"ﬁ‘ﬁ%‘éi ﬁl‘?ﬂﬂnglé’.’ 3Nﬁa¥tﬂ’§-t ool NYSF3HP% 200 scf/bbl to
10000 scf/bbl yyitdoit & h@fll/ﬂ"iﬁ%@faﬁ‘%s%r@ﬁ@é}ﬁb@ﬁ%re 10tih 8AL LPY can be

carried out at a hydrogen treat gds rate in the range from90 N8/ n8 to 890
Nn8/ n8 (500 soforbbf Ut PatONss.fd, bid,095, pAG3SPAce,399i7 6@ & B205, aspect of the

Deves ng |-t AT 2D cheE ot Ers Boo SEPar b P Bt A T whi b a heavi er
hydrocarbon reagbou &fa NYSGREN, SekR MIAREAGEPAliAiGRNRK g catalyst a

reaction conditions. The catal ytic dewaxi process iIs, In essence, a type
of hydr ocr ack26@p/P2B15dS 520000y 2007 /00847 Parnd 20084013240Aasad on sel ecti ve

dbuei ng. pr ool BliR RUbsRaw W) Delobap e, o ARG 57 w000l The

2007/084438, WO 2007/084439, and WO 2007/084471, inter alia.

[0049] Other suitable hydrotreating catalysts can include zeolitic
catalysts, as well as noble metal catalysts, e.g., wherein the noble metal is
selected from Pd, Pt, and a combination thereof. In one embodiment of the
invention, more than one type of hydrotreating catalyst may be used in the
same reaction stage or zone. Additionally or alternately, there may be only
one hydrotreating reaction stage or zone, or there may be multiple (e.g., at

least two).

[0050] Other hydrotreating catalysts that can be specifically used are
those hydrotreating catalysts useful for saturating aromatics. Non-limiting
examples of such catalysts include nickel, cobalt-molybdenum, nickel-
molybdenum, nickel-tungsten and noble metal (e.g., platinum and/or
palladium) catalysts, with the noble metal catalysts being sulfur sensitive,
but more selective for aromatics removal. Typical non-noble metal
hydrotreating catalysts include, for example, Ni/Mo on alumina, Co/Mo on

alumina, Co/Ni/Mo on alumina.

[0051] Hydrotreating is preferably carried out at an average reactor
temperature of at least 40°C. In another preferred embodiment,
hydrotreating is carried out at an average reactor temperature of not greater

than 440°C. In a particular embodiment, hydrotreating is carried out within



si eve-based catalyst in which active hydrocracking sites are accessible to
contact with the paraffin nolecules, preferably excluding |arger aromatic
- 16 - tywewuamsowsnds. The reactions conditions in dewapcmgiSean/opref er abl y
be effective to further inprove the cold flow properties of the
hydrotreated material, such as freeze point, cloud point, pour point,
and/or cold filter plug point. [0057]Any1 atal yst effective in dewaxing
hydr ocarbon can be used. |In one enbodi ment, hydrotreating catal yst
conpositions that include one or nore of Co, Ni, and Fe and include one or
nore of Mo and W as well as Pt and Pd noble netals on an acidic support,
can be eff ect avahperamedrange Gewadd°Qgo 440°@ndidre praferbblyi hpdrbiredting dewaxi ng

catal yst can incl]ude .an (acidic) oxide support or.carrier. -limting
! o5 of | SEERSGRTRGPY AN b S EACIOT IR AR 1007t AR un na | and
ot her shape sgh%gghg%igghq@gh@&)g@gygs. Preferably, the carrier can be
conbined with at | east one catal ytic conponent such as a

silicoal um no phate (SAPO ,.titania, zircqnia, vanadia, and other G oup
PV or BRREE Gedt Saboraeled R Bt e il e er e 05,

ZSM 35, ZSM 2248 $ResKie W8, st R @00 BSia O8r 6DONPaaYeModSum$AGEy 11, SAPO- 36,
SAPO- 37, SAPO- 40, and zeolite Y sieves such as ultra stable Y, and |i ke.

I f stripping psanwt20ai/XHaapl ke quoiher ptederdeleaxibodiraerd/ lordrotieating caml f ur
content of the hydrotreated and separated heav racti i s high enough to
Cosult i dewdkFHiGe SUE Sk O S PO B -0 509 B Grac cont ai i g
f ramewor k tranﬁia{abwgmt&ﬁﬁglm\ﬁs ol BBNgped. sul fur resistance (for exanple,
in US. Patent Nos. 5,185,136, 5,185,137, and 5, 185,138) may be enpl oyed.

0058] The d [ b ried out . at [ condi ti . ncl udi
average 1 eact TR crpaRager@urk arm S00RS cHAGR SPG0RUEIBNY Prof cr ably.

dewaxi ng can B@u&}aﬁﬁaic@%lgb'%vsgﬁHS?g%hP@3G\QWH {PNPVI W UGH BFe an aver age
reaction tenperatiure from F (289C) to 800F (427C). - 17 -
preferred embodiment, hydrotreating can be carried out at a LHSV from

1hrlto5hr.

[0054] Preferably, hydrotreating can be carried out at a hydrogen treat
gas rate in the range from 35.6 Nm®/m’ to 1780 Nm*/m® (200 scf/bbl to
10000 sct/bbl). In another preferable embodiment, hydrotreating can be
carried out at a hydrogen treat gas rate in the range from 90 Nm*/m’ to 890

Nm?*/m? (500 scf/bbl to 5000 scf/bbl).

[0055] According to one aspect of the invention, at least a portion of
the hydrotreated material can be dewaxed. Dewaxing in this invention
refers to catalytic dewaxing in which a heavier hydrocarbon reacts with
hydrogen in the presence of a dewaxing catalyst at reaction conditions. The
catalytic dewaxing process is, in essence, a type of hydrocracking process.
Dewaxing is more particularly based on selective hydrocracking, typically

of predominantly normal paraffins.

[0056] The dewaxing process can incorporate the use of a molecular
sieve-based catalyst in which active hydrocracking sites are accessible to

contact with the paraffin molecules, preferably excluding larger aromatic



[ 0059] Dewaxi ng can al so be preferably carried out at an average reaction
pressure from27.2 atm (400 psia, or 2.8 MPaa) to 136 atm (2000 psia, or
13. 8 MPaawoO 2p00BO430he hydrogen containing treat gas rat @Crrusdenaxiiny can
range from 300 scf/bbl (53 N8B/ n8) to 5000 scf/bbl (890 N8/ nB).

Preferably, the hydrogen containing treat gas rate can be from 2000 scf/ bbl
(356 NnB/nB) to 4000 scf/bbl (712 NnB/nB). 16 [0061] Liquid hourly space
velocity in dewaxing, in volumes/volunme/hour (V/V/IH), can range fromO.1
to 10. Preferably liquid hourly space velocity can be froml1l VVV/H to 5
V/ VI H. [0062] According to another aspect of invention, at |east a portion
of the hydr ot typetcochpoatds: i Eic reagtione coyditionssiordemiaximg.cah prefepbbfter r ed

enbodi nent east rtion of th ydr ot r eat ed erial dewaxed to
PR AN T T R Y SR A e R
dewaxed and h)ﬁ&%&la?%ﬁ@ﬁ hsszgezfega%lmtcﬁaﬁ’@gblht %Bur ﬁ&ﬁ@%ﬁ&@?célérﬂﬁr

"hydr oi sonerize" and " hydroi s rizati used in this invention refers
to a catal yti plugrrmoigss in which feed is contacted with catalyst in the
presence of hydrogen and a substantial portion of waxy paraffinic conpounds

in the feed cgpshe CONMRY daedydt QRO RIS waRRBHyBFJchftoR cGRTRANRLS, while at
the sane tine reducing and/or mnim zing conversion of (nornmal) paraffins

by cracki ng. Thenaugsbalimchie hwmtreatmgmtalgﬁtcmmo&tlem haninefulleoh¢ vel y
i ncrease the vol une of .t he et/ ih‘dse fuel for E@ @e ovey al . process.
In particul ar "¥h8 G%eN’of‘n Saﬂ J:PrC d),lpg,qrgnaqrﬁg U Wahs PEYERE t he
heavier por ti gy P8 ndbitSRUBE 96 knhikiche ATBOAT BING dihRtivagRRANRNt T nto an
addi ti onal volune of jet/diesel
dewaxing. In another emb0d1ment the dewaxing catalyst can include an
(acidic) oxide support or carrier. Non-limiting examples of such carrier can
include silica, alumina, silica-alumina, and other shape selective molecular
sieves. Preferably, the carrier can be combined with at least one catalytic
component such as a silicoaluminophosphate (SAPO), titania, zirconia,
vanadia, and other Group II, IV, V or VI oxides, ferrierite, mordenite, ZSM-
5, ZSM-11, ZSM-23, ZSM-35, ZSM-22 (also known as theta one or TON),
ZSM-48, SAPO-11, SAPO-36, SAPO-37, SAPO- 40, and zeolite Y sicves
such as ultra stable Y, and like. If stripping is not available prior to
dewaxing and/or if the sulfur content of the hydrotreated and separated
heavy fraction is high enough to result in dewaxing catalyst activity
reduction or loss, zeolites containing framework transition metals having

improved sulfur resistance (for example, in U.S. Patent Nos. 5,185,136,

5,185,137, and 5,185,138) may be employed.

[0058] The dewaxing can be carried out at reaction conditions
including an average reaction temperature from 300°F (149°C) to 900°F
(482°C). Preferably, dewaxing can be carried out at reaction conditions
including an average reaction temperature from 550°F (289°C) to 800°F
(427°C).



- 18 - [0064] Hydr oi soneri zation can be carried out using a catal yst such as
a shape sel ective nol ecul ar sieve catalyst. Large pore crystalline

nol ecul arweizenas1ap | nt er medi ate pore nol ecul ar si eves aca/ysaswiosurar |y
effective. [0065] Large pore crystalline nolecular sieves useful in the

hydr oi sonmeri zati on step of this inventiogrpreferably have a Constrai nt

I ndex of less than 2. Internediate pore - ﬁystalline nol ecul ar si eves useful
in the hydroi sonerization step of this invention preferably have a
Constraint Index of at |east 2. The nethod by which the Constraint Index is
determined is fully described in U S. Patent No. 4,016,218, which is

i ncor porat ed 052 n bavekargeranelsd BOG6fckablp nariedibatatramrdveraghe nol ecul ar

sieves used in the isoneri.zatj st of .this inyenti hav al pha val ue
of 1 ees than TISHOTRESEIHHAN 4 08I LGPz OF ot MEF® ©dp A3ttt he

catal ytic cragkhng @04 Mfiahy of the catalyst conpared to a standard
catal yst. The alpha test gives the relative rate constant (rate of nornal

hexane conversjon per yolu of catalyst per unit tine) of the test
Catal'yst ren aldughl £o" e nyEed ot ek Banrihi VTR o1 pha of 1
(Rate Const angom ShPdenbe 3@m?/ﬁﬁ?tcﬁ§dﬂ@$§c£(’/€§lt(89§1\%%? | @Qfe%d?ﬂ}!‘!- S. Patent

No. 3,354,078 and in | Catalysis, 4, 52 1965); 6, 8 (1966)7; and 61, 395
(1980), to whilethydedgeneooriiisg raatezaf oate aardes trompG00rscbblt(B&6t est . The

experi ment al rdi §.i O f used to determ ne the al pha val ues
referred to iﬁﬁ? thgﬁgﬁﬁﬂﬁgfﬁﬁﬁfﬁﬂbﬁ% e a constant tenperature of 538C
and a variable flowrate as described in detail in 1 Catalysis, 61, 395
(1980). [0067]06h} | i miltiquid hewdyppass vefoclitanydewparieg,mol ecul ar si eve catal ysts

car "L, BB IBlo bMARE R TRER o R PShERASS oo L
(omega) . zeol iihialnouMPp R ARy T bMEARD1 37/ RS §/valiover i te, and

conbi nat i ons t her eof imtihg exanples of internediate pore - 19 -

[0062] According to another aspect of invention, at least a portion of
the hydrotreated material can be hydroisomerized. In a preferred

embodiment, at least a portion of the hydrotreated material is dewaxed to
form a dewaxed fuel composition and then hydroisomerized to produce a

dewaxed and hydroisomerized fuel composition.

[0063] The terms “hydroisomerize” and “hydroisomerization” as used
in this invention refers to a catalytic process in which feed is contacted with
catalyst in the presence of hydrogen and a substantial portion of waxy
paraffinic compounds in the feed can be converted to non-waxy
isoparaffinic compounds, while at the same time reducing and/or
minimizing conversion of (normal) paraffins by cracking. The use of the
hydroisomerization step can effectively increase the volume of the jet/diesel
fuel formed in the overall process. In particular, the use of the
hydroisomerization step can reduce the heavier portion of a feedstock by

transforming that component into an additional volume of jet/diesel fuel.



nol ecul ar sieves can include, but are not limted to, ZSM 22, ZSM 23,

ZSM 48, SAPO 11, SAPO- 5, MeAPO-11, MeAPO-5, and conbi nations thereof; and

an exanplwoab1123nesn- i nt er secti ng two-di mensi onal i nt er mediTAtS@010O8E 77

nol ecul ar sieve is ZSM35 (synthetic ferrierite). [0068] Catal ysts useful in

t he hydroi sonerization step preferably C&Bt ain a hydrogenation netal, which

can be one or nore noble netals, one or r'e non-noble netals, or a

conbi nati on thereof Suitable noble metals include G oup VIl noble netals,

such as platinumand ot her nenbers of the platinum group, such as iridium

pal I adium and rhodi um and conbi nations of these netals. Suitable

non- nobl e net {l$4f ncl kbelrdiboserizitioGron ps cMBied VuBysiaga cfthlyst mhaﬂabl e netals
Preferred non-nobl e tals ncI ude, but are

of) VIIl of the Perjodic Table.
not limted t ap@ﬁPfSFﬁIWO%ﬁP]%%%?ﬁtalﬁ’ﬂnéé’f%%porﬁBB’éF nGpglegylar 5
conbi nati ons %%vés*’kﬁ%ﬁte%&cﬁht% Cpoké‘&'o&é%ﬁﬁsﬁ@&aa{ré Qf@ﬂct{faﬂg@f‘ﬂ%t% ckel -t ungsten,

ni ckel - nol ybdenum cobal t - ni ckel - denum ni ckel - mdl ybdenum t ungst en,
cobal t nol ybdemégé]eung ten, and CO@E@)’H n]|8 el -tungls'ggﬁr he non- nobl e netal s
can be pre-su d pridhie RBE GOEANNCIRBISEHRRSIPESASE W 1€ cont ai ni ng gas
such as_hydr ogaioRBhicidaicH sidflo RV SHlichSRErBLUEA LCikagkh conver sion

(e.g., of the oxide form to the corresponding sulfide formof the netal.

[ 0069] The net &idesa ldse thancorporacdidtd pure ctyhmlluwtrablysmlame‘easylssﬁﬂ tabl e

met hod or conbi patiqn.of net hods, 1 as ion i on exchange
"t o0t ne. zeol f e iR h of e BRI H R Yt PR ot 1 onCc,
ani oni c, or nﬁiﬂe&@faﬁféﬂﬁ'ﬁﬁhe@ﬁéﬂq@@bgw%’?&pﬂh%(%s@imfﬂﬁeh/soe Pt (NH3)4'' can
be used for exchanging netals onto the zeolite. Anionic conplexes such as

t he nol ybdat edcﬂermmtems.lﬁu@stdaumhedrmsUc&rPaedmNobé 062l 8] whish is npr egnat i ng
metals into the cat aI E 00 0 I n one enbodi ment, the hydroisonerization
catal yst can GERHIrAed Beounby teECrEnts- o hydrogenation netal. In one preferred

- 20 - enbodinment, the catalyst can conprise fromO0.01 wt%to 20 wt% for
exanpl e from (0086}t % tlo 01 emboglineit, hlyejmgﬁenm bignesmealin theased on tot al

Y\ﬁlclgné eO; Llh ﬁ asé%lte%lzgt?otﬁ sté f7 tﬂs-llplsen %% an alsf)lhg\\//glue 0? less ?hannf?)%dl Tent, can
The alpha value is an approximate indication of the catalytic cracking
activity of the catalyst compared to a standard catalyst. The alpha test gives
the relative rate constant (rate of normal hexane conversion per volume of
catalyst per unit time) of the test catalyst relative to the standard catalyst
which is taken as an alpha of 1 (Rate Constant = 0.016 sec'l). The alpha
test is described in U.S. Patent No. 3,354,078 and in J. Catalysis, 4, 527
(1965); 6, 278 (1966); and 61, 395 (1980), to which reference is made for a
description of the test. The experimental conditions of the test used to
determine the alpha values referred to in this specification include a
constant temperature of 538°C and a variable flow rate as described in

detail in J. Catalysis, 61, 395 (1980).

[0067] Non-limiting examples of large pore molecular sieve catalysts
can include, but are not limited to, molecular sieves selected from the group
consisting of zeolite beta, mordenite, zeolite Y, ZSM-20, ZSM-4 (omega),
zeolite L, VPI-5, SAPO-37, MeAPO-37, AIPO-8, cloverite, and

combinations thereof. Non-limiting examples of intermediate pore



(or matrix) material. Binder materials are preferably netal oxides.
Non-limting exanples of netal oxide binders can include, but are not
limted twp2alwn3iesa, silica-alum na, silica-nmagnesia, SPCTAB2@i00TICT a,
silica-thoria, silicaberylia, silica-titania, as well as ternary
conpositions such as silicaalumna-thoria, silica-alum na-zirconia,
silica-al um na-magnesi a, and silicamagnesi’a-zirconia, and the |ike, and
conbi nati ons thereof In one enbodi nent, the catalysts are ZSM 23, ZSM 48 or
SAPO- 11, and zeolite beta, which are conbined with alum na, and forned into
a useabl e shape by nethods such as extrusion or tabletting.

[ 0072] Hydr oi sordedukzatsicons czmrinb]ﬂde,zimlt aeechoo limited to ESMFZES &50é-23f hydr ogen gas

Par t1 oul ar 1 edoRrah CaRA L SO ar vl bofiehPORE oM <ok TapBha on ¢ he
p
feed used, t henceaiadiSin Usfible WPhORI AR hSiBRhAbYS inbindild ! ded, the

desired yleld and the desired properties o desired product, inter
al i a. Conditi pos molderlanhehis IS -By dsyoitlsaiwdeireatt¢)on process of this
i nvention can be carried out include tenperatures from 600F to 750F (315C

to_3990), forL gl e(fa'ié?%t@@éyf'ulﬁﬁtﬂé)%r&%&égr&éﬁoﬁ%ge@preﬁ%l ressures from
1.7 atmto 204 atm (25 psia to 3000 psia, or 170 kPaa to 20.7 MPaa), for

exanpl e 6.8 atonthio aJlﬁ@ir@gama(ldIOﬂleM|mhwbc%ﬁ@omoranomrnobleﬂfmh‘A%aon@ 17.3
MPaa) . Hydroi soneri zatl sures in.this cont fer to the hydrogen
a1 al by eos O B SHOTR S s oS aey o aiaple Tablatatigh t he
hydrogen part i@lyRrG8p Il @ ctAT @S sPlatiRS ANt h¥mbhg fane as the
total pressure when the treat gas is 100% or substantially 100% hydr ogen.

However, the thetr@atipmegsmpesuehlal idiugy, pallashiumhemd thhéiuhydndgen - 21 -

partial pressure when t treat ga tains dr ggen ther usual |y
ol at fvely | nEvibBASE olbirparit Sy sadtnpy oRkab Tl Mot

contacting cag,ggRevR! Vi kedi#RMoA-nbblY mitalsoff Y 1HTof the Plodf<RARE. e from0.1
hr-1 to 5 hr-1. The hydrogen to hydrocarbon ratio can fall wthin a range

from 1.0 nol ePrderred - mzhlemelfdﬂs pletudﬁnlbla amjdcbtdcralrtttlbm tlwethiuthor exanple from
10 nole H2 to 22‘&{ | es H2 rrgleh r bon. f eed. £074 Tr at gas is
used in hydr o oS4 HY™ E{‘?g 1PIC alt i |aH COMPIFIAPS P DR 1S4 on. The

ternms "hydr oggRiudindYsHB9801ybi&RIm, 3Askel-t@lten! fitRdl-HSFHd&Hus, used
synonynously herein, and may be ei'ther pure hydrogen or a

hydr ogen- cont aobalhgckelenolyQMMmmkel s10dy idepan-tgagstat, celzait-cont ai ni ng

hydrogen in an nt at | east uff|C|et for th i nten reaction(s),

s one o LR TyasEd bud Gobal HER bRt s s oG

hydrocarbons gaithe ﬁi% ﬁﬁfi&@%?ortt@%e W&&J’o‘%ﬁﬂe%o Q@ul@@ttccﬁ@é{ﬁfnéeéay shait erfere
er

with or affect eit the reactions ‘or the products. Inpurities, such as
H2S and NH3, as bydjeger ailfige atrdeddvasol tempend turo ti cffeoypomaﬂlrﬂlyn(iegreﬁoved from

the treat gas before.it. is. conduct ea eac : treat gas stream
i ntroduced i nfl§ Q&Hﬁﬁee@@fn ) Bhths cggesnon m,grsgﬁfﬂcﬁgb tﬁ’r‘i’ttﬁ Fat | east about 50
vol % and nore preferably at |east about 75 vol % hydr ogen.

[0069] The metal can be incorporated into the catalyst by any suitable

method or combination of methods, such as by impregnation or ion

exchange into the zeolite. The metal can be incorporated in the form of a

cationic, anionic, or neutral complex. Cationic complexes of the type

Pt(NH;); " can be used for exchanging metals onto the zeolite. Anionic

complexes such as the molybdate or metatungstate ions can also be useful

for impregnating metals into the catalysts.

[0070] In one embodiment, the hydroisomerization catalyst can

comprise a zeolite and a hydrogenation metal. In one preferred



[ 0075] Vari ous reactor configurations can be used for the inventive process.
The feedstock can contact a fixed bed of catalyst, a fluidized bed or an
ebul | at i nyoked/o3sssoexanpl e of one configuration is a tripCitS20e04pETr at i on
in which a liquid feedstock trickles through a stationary fixed bed.

Anot her exanple of a reactor configurati IS a countercurrent process,
i.e., where the hydrocarbon feed fl ows dowi over a fixed catal yst bed while
H2 flows in the opposite direction. In this configuration, H2S and/or NH3
can be renoved overhead. - 22 - [0076]Light or heavy fractions of one or
nore of the hydrotreated, dewaxed and hydroi sonerized nmaterial can be
renoved to proubodinmnt, rtha«:oaxdysttdae cdewprisettomu@ 01 eotiro20twidh.fot n one

enbodi nent, separati.on e onents fractio s of the
hydr ot r eat ed ﬁ&%ﬁ?éﬁo%gﬂ‘ﬁf ﬁ%&a?ﬁydg? tl?l?)m&@iaatﬂ?i ?fgonm anot her
enbodi nent, s%?gq@bfgﬁcg{ajsltght or heavy conponents or fractions of dewaxed
material can be carried out. In yet another enbodi nent, separ atl on of |ight

or heavy conp s or_fractions.of hydroi ri zed materlal n be carried
out . 11t hose Bblodi meHESho EHEM g, MY Tt PR B ST M ID AR IS a5 t o

affect fuel qualhitix) ARfkrial BRI GHlcRblstaPe BleUhES rdtall RaGS. M-J et fuel or
di esel fuel having h| gh quality characteristics. Separation can be carried

out using anyliappnperangiles ofeactsl oidabindenatn arlatedbarardinst lithited fopn i s(ar e)
preferred. Atglougﬂherlc di still atl on, vacuu distillat. conbi nati on

of at nospheri BTN, $1fiFaiagReN, A1 ‘Sé Y2 le@‘?fﬂoﬂﬁn@aﬁ% eati ng,

dewaxi ng, hydp@l$QNgldLii@bia w@ﬂﬁéie%&toﬁ?%ﬁ&%%Eh a@Liliggy conbi nation
t hereof can be carried out to produce a fuel composition, particularly at

| east one j et alupeha-groridi sbed- alfumaha-zhmmm@11magatiﬂ1m1rxaasagm:bﬂaeaﬂdmhca-
characteristics. The process S ar ticula ective in producing
o et Tuel colIsarT-eReo bord T pane e38bbpEns heeRdntivent i on ban be
carried out uBgBhdiRicRHGhEEMIPRY aFOASL DIXNEIARER ITAD1®, AdMLAR at | east
one jet fuel having one or nbre of the predeterm ned characteristics of
snoke point, beteewhlcb@rquqmlmne(bwah@itummasandtﬂosmecbnm)elusetabk: sepsby forth in

ASTM D1655- 08a ?!P ndar.d eC| ficat I‘tﬁn for Aviation Turbine Fuels, the
contents of wHi ts‘édi??c WSieRL POIEHBEn by reference. [0079]1n one

enbodi ment, the feedstock can be hydrotreated,
[0072] Hydroisomerization can be carried out in the presence of

hydrogen gas under hydroprocessing conditions of elevated temperature and
pressure. Particular reaction conditions for hydroisomerization can depend
on the feed used, the catalyst used, whether or not the catalyst is sulfided,
the desired yield, and the desired properties of the desired product, inter
alia. Conditions under which the hydroisomerization process of this
invention can be carried out include temperatures from 600°F to 750°F
(315°C to 399°C), for example from 600°F to 700°F (315°C to 371°C), and
pressures from 1.7 atm to 204 atm (25 psia to 3000 psia, or 170 kPaa to
20.7 MPaa), for example 6.8 atm to 170 atm (100 psia to 2500 psia, or 1.4
MPaa to 17.3 MPaa). Hydroisomerization pressures in this context refer to
the hydrogen partial pressure within the hydroisomerization reactor,
although the hydrogen partial pressure is the same as or substantially the
same as the total pressure when the treat gas is 100% or substantially 100%

hydrogen. However, the total pressure will be greater than the hydrogen



dewaxed, hydroi sonerized, or a conbination thereof, so as to forma fue
conposition having a snoke point of at least 25.0 mm preferably at |east
-23- 25. 5wormmudosoexanpl e at | east 26.0 mm or at | east PR®/US20m010477NE snoke
poi nt as described is determ ned according to ASTM D 1322. The fuel is
preferably jet fuel. [0080]In another e ?dinent, the feedstock can be
hydr ot r eat ed, dewaxed, hydroi sonerized, @r "a conbi nation thereof, so as to
forma fuel conposition having a freeze point of not higher than -35C
preferably not higher than -45C, for exanple not higher than -50C or not

hi gher than -55C. The freeze point as described is determ ned according to
ASTM D 4529. pheiaf prebsurswheefhertedat yay entdinehydrgddhldiathamsuadhybodi nent, t he
process can be carried out to produce or recover a kerosene type or a
gasol i ne typer?%HV$Xﬁ9@Tga%”one enmbodi nent, the process can be carried out
to produce or recover a kerosene type jet fuel having an ASTM D86 90%
distillation o773k wi tthiuidhberly spaye veloorty 60402 tant280:@, caprgehenbdpby wi t hi n

the range from 26 to 2 .1 L. anotg%tg e ient, t rocess can be
carri od out 't BOBr DAt B0 oc s RPUSER Elt ype et FSADSHARIAY an ASTM
D86 90% di st hﬂ/&fobﬁﬂo@%tf&caﬂ"f&ﬁ‘W’i‘thﬁrh@ra{%@%rﬁ 1 9MheiRG th302A8Es Hpr ef er abl y
within the range from 210C to 230C. [0082]In one enbodi nent, the process
can be carri egemublethydprcathondeat, foremaumpic fokelloneledd o peles Hiel havi ng an
ASTM D86 10@6disti%la%jon oint within the range from 150C to 200C,
preferably w PHiROCHYFOGAHONFH 160C to 180C. In another enbodi nent, the
process can be carried out to produce or recover a gasoline type jet fuel
havi ng an ASTMOZ86 10%raitges Islwmed onhysdmeatingt 45 wicll hedevengeg ixbm 110C to
140G, prefer aB{/XroY\sno%n@rigatgor}E "fh%ntgremsf ‘Eh%/@rolg%g’cz ‘Ih(})/drlo?’g(é)rcl: treat gas”, and

“treat gas” are used synonymously herein, and may be either pure hydrogen

or a hydrogen-containing treat gas which is a treat gas stream containing

hydrogen in an amount at least sufficient for the intended reaction(s), plus

one or more other gases (e.g., including nitrogen and light hydrocarbons

such as methane) that generally do not adversely interfere with or affect

either the reactions or the products. Impurities, such as H,S and NHj, are

generally undesirable and would typically be removed from the treat gas

before it is conducted to the reactor. The treat gas stream introduced into a

reaction stage can preferably contain at least about 50 vol% and more

preferably at least about 75 vol% hydrogen.

[0075] Various reactor configurations can be used for the inventive
process. The feedstock can contact a fixed bed of catalyst, a fluidized bed
or an ebullating bed. An example of one configuration is a trickle-bed
operation in which a liquid feedstock trickles through a stationary fixed bed.
Another example of a reactor configuration is a countercurrent process, i.e.,
where the hydrocarbon feed flows down over a fixed catalyst bed while H,
flows in the opposite direction. In this configuration, H,S and/or NH; can

be removed overhead.



[ 0083] I n one enbodi ment, the process can be carried out to produce or
recover a diesel fuel. In a particular enbodi nent, the process can be
carried ow0D200/3163duce or recover diesel fuel having anPASISRO8H4T0%
distillation -24 - point wthin the range from 260C to 350C, preferably
within the range from 280C to 340C. [0084] I n another enbodi nent, the
process can be carried out to produce or “+€cover a diesel fuel having an
ASTM D86 10% di stillation point within the range from 200C to 240C,
preferably within the range from 210C to 230C. [0085] Wil e these fue
characteristics are nmentioned in separate enbodinents, it is contenplated
that fuel s prg@aeed oiigl&mhea\@dfrmnhaf/eneawnomrﬂf ithabydrotredfted,wo or nor e,

or even all, qf the c cterlstl ertjes disclosed, herein.
P0066) Addl t | oRer PR S MR Bt b e Ee PR el Ldes ¢ he

recover the desired fuel composition. In one embodiment, separation of
light or heavy components or fractions of the hydrotreated material can be
carried out prior to dewaxing. In another embodiment, separation of light
or heavy components or fractions of dewaxed material can be carried out.
In yet another embodiment, separation of light or heavy components or
fractions of hydroisomerized material can be carried out. In these
embodiments, the separation can be carried out so as to affect fuel quality,
and in particular to provide at least one jet fuel or diesel fuel having high
quality characteristics. Separation can be carried out using any appropriate
means. Fractionation and/or distillation is(are) preferred. Atmospheric
distillation, vacuum distillation, or a combination of atmospheric and

vacuum distillation can be used.

[0077] Hydrotreating, dewaxing, hydroisomerizing, separation of
components, or any combination thereof can be carried out to produce a fuel
composition, particularly at least one jet fuel or diesel fuel, having highly
desirable fuel characteristics. The process steps are particularly effective in

producing a jet fuel composition.

[0078] The process steps of the invention can be carried out under
predetermined conditions effective to provide at least one jet fuel having
one or more of the predetermined characteristics of smoke point, freeze
point, or one or more other properties as set forth in ASTM D1655-08a
Standard Specification for Aviation Turbine Fuels, the contents of which

are incorporated herein by reference.

[0079] In one embodiment, the feedstock can be hydrotreated,
dewaxed, hydroisomerized, or a combination thereof, so as to form a fuel

composition having a smoke point of at least 25.0 mm, preferably at least



foll owi ng enbodi nent s.
fuel conposition conpr

[ 0087] Enbodi nent 1. A nethod for producing a dewaxed
I sing: providing a feedstock containing |ipidic

bi omass; Wodnateeadi ng the feedstock to produce a hydrorceatSedonatrer i al ;
and dewaxi ng and/ or hydroi sonerizing at |east a portion of the hydrotreated
material to produce the dewaxed and/or hydroi sonerized fuel conposition.

[ 0088] Enbodi nent 2. The nethod of enbodiment 1, wherein at |east a portion

of the dewaxed and/ or

hydr oi sonmeri zed fuel conposition is recovered as jet

fuel or diesel fuel. [0089] Enbodi nrent 3. The net hod of enbodi nent 1 or
enbodi mrent 2, wherein at |east a portion of the dewaxed and/or
hydr oi soner i zefl. el farerpaopictadt drasi 26.0 evovereldasai26j5ahnt. UBle snankieng a snoke

poi nt of at |east 25.0.MV. [0090] Enbodi nent 4. od of any of the
P evi ous eboiihe LsCiRel srhcanITaeror ASTMA TEi. e ER and or
preferably jet fuel.

[0080] In another embodiment, the feedstock can be hydrotreated,

dewaxed, hydroisomerized, or a combination thereof, so as to form a fuel

composition having a freeze point of not higher than -35°C, preferably not

higher than -45°C, for example not higher than -50°C or not higher than

-55°C. The freeze point as described is determined according to ASTM D
4529. The fuel is preferably jet fuel.

[0081] In one embodiment, the process can be carried out to produce or

recover a kerosene type or a gasoline type jet fuel. In one embodiment, the

process can be carried out to produce or recover a kerosene type jet fuel

having an ASTM D86 90% distillation point within the range from 250°C

to 290°C, preferably within the range from 260°C to 280°C. In another

embodiment,

the process can be carried out to produce or recover a gasoline

type jet fuel having an ASTM D86 90% distillation point within the range
from 200°C to 240°C, preferably within the range from 210°C to 230°C.

[0082] In one embodiment, the process can be carried out to produce or

recover a kerosene type jet fuel having an ASTM D86 10% distillation

point within the range from 150°C to 200°C, preferably within the range

from 160°C to 180°C. In another embodiment, the process can be carried

out to produce or recover a gasoline type jet fuel having an ASTM D86

10% distillation point within the range from 110°C to 140°C, preferably

within the range from 120°C to 130°C.

[0083] In one embodiment, the process can be carried out to produce or

recover a diesel fuel. In a particular embodiment, the process can be carried

out to produce or recover diesel fuel having an ASTM D86 90% distillation



- 25 - hydroisonerized fuel conposition is recovered as jet fuel having a
freeze point of not higher than 35C. [0091] Enbodi nrent 5. The nethod of any
of the prwoi2oun3essbodi ments, wherein at | east a porti onPofi/ush@osewaxed
and/ or hydroi sonerized fuel conposition is recovered as jet fuel having an
ASTM D86 90% di stillation point wwthin the range of from 250C to 290C.

[ 0092] Enbodi nent 6. The nethod of any of 4'he previ ous enbodi nents, wherein
at |east a portion of the dewaxed and/or hydroi sonerized fuel conposition
is recovered as jet fuel having an ASTM D86 90% di stillation point within
the range of from 200C to 240C. [0093] Enbodi nent 7. The nmet hod of any of

t he previous poinodiithenths rangedraen 266tC teeHX°Capearablg widfin theeradgavaxed and/ or
hydr oi somer i Z(Fed f#%edg cogﬁg%\;i on is recovered as diesel fuel having an ASTM
D86 90% di st i Fioft 7EhCH8i ithin the range of from 260C to 350C.

[ 0094] Enbodi nent 8. The net hod of any of the previous enbodi nents, wherein
at | east a pof@8én of Inheottlewaxzwimool, te frgcseicaopecdardediofittel conposition

5 Jisti|led and at ] oot o0 Lkl HSlingln AsThTBRG (90E aiinel fue! TS
point within the range from 200°C to 240°C, preferably within the range
from 210°C to 230°C.

[0085] While these fuel characteristics are mentioned in separate
embodiments, it is contemplated that fuels produced or recovered can have
any combination of two or more, or even all, of the

characteristics/properties disclosed herein.

[0086] Additionally or alternately, the present invention includes the

following embodiments.

[0087] Embodiment 1. A method for producing a dewaxed fuel
composition comprising: providing a feedstock containing lipidic biomass;
hydrotreating the feedstock to produce a hydrotreated material; and
dewaxing and/or hydroisomerizing at least a portion of the hydrotreated

material to produce the dewaxed and/or hydroisomerized fuel composition.

[0088] Embodiment 2. The method of embodiment 1, wherein at least
a portion of the dewaxed and/or hydroisomerized fuel composition is

recovered as jet fuel or diesel fuel.

[0089] Embodiment 3. The method of embodiment 1 or embodiment
2, wherein at least a portion of the dewaxed and/or hydroisomerized fuel
composition is recovered as jet fuel having a smoke point of at least 25.0

mim.

[0090] Embodiment 4. The method of any of the previous

embodiments, wherein at least a portion of the dewaxed and/or



[ 0095] Enbodi nent 9. The nethod of any of the previous enbodi nents,

wher ei n

the feedstock further conprises mneral oil. \ [0096] Enbodi nent 10. The
met hod ofweanyiiaiBidshe previ ous enbodi ments, wherein at | @astusaopoutiiron of
the hydrotreated material is dewaxed but not hydroi somerized.

[ 0097] Enbodi nent 11. The nethod of any of_ _the previous enbodi nents,

wher ei n

at least a portion of the hydrotreated meterial is hydr oi soneri zed but not

dewaxed.

-26- 100981 The principles and nodes of operation of this

i nventi on have been descri bed above with reference to various exenplary and

preferred enbodi nents. As understood by those of skill in the art,
i nvenhydmjsoasrided fueedorbyoditien slredavereden garfpadmemgat faeazepr ef err ed

over al |

enbodi nents not. ngci fi chal I eﬁggerat ed herein.

point of not higher than

[0091] Embodiment 5. The method of any of the previous
embodiments, wherein at least a portion of the dewaxed and/or
hydroisomerized fuel composition is recovered as jet fuel having an ASTM

D86 90% distillation point within the range of from 250°C to 290°C.

[0092] Embodiment 6. The method of any of the previous
embodiments, wherein at least a portion of the dewaxed and/or
hydroisomerized fuel composition is recovered as jet fuel having an ASTM

D86 90% distillation point within the range of from 200°C to 240°C.

[0093] Embodiment 7. The method of any of the previous
embodiments, wherein at least a portion of the dewaxed and/or
hydroisomerized fuel composition is recovered as diesel fuel having an
ASTM D86 90% distillation point within the range of from 260°C to
350°C.

[0094] Embodiment 8. The method of any of the previous
embodiments, wherein at least a portion of the dewaxed and/or
hydroisomerized fuel composition is distilled and at least one jet fuel or at

least one diesel fuel is recovered following distillation.

[0095] Embodiment 9. The method of any of the previous

embodiments, wherein the feedstock further comprises mineral oil.

Y

[0096] Embodiment 10. The method of any of the previous
embodiments, wherein at least a portion of the hydrotreated material is

dewaxed but not hydroisomerized.

[0097] Embodiment 11. The method of any of the previous
embodiments, wherein at least a portion of the hydrotreated material is

hydroisomerized but not dewaxed.

t he



-27- CLAI MVs: 1. A nethod for producing a dewaxed fuel conposition
conprising: providing a feedstock containing lipidic biomss; hydrotreating
t he feedswockitw@ignoduce a hydrotreated material ; and deeafisegoamd/or
hydr oi someri zing at |east a portion of the hydrotreated material to produce
t he dewaxed and/or hydroi sonerized fuel cgnposition. 2. The

nmet hod of claim1, wherein at |east a po‘r216i'on of the dewaxed and/or

hydr oi soneri zed fuel conposition is recovered as jet fuel or diesel fuel.

3. The method of claim1l or enbodinent 2, wherein at |east a portion of the
dewaxed and/ or hydroi sonerized fuel conposition is recovered as jet fuel
havi ng a snok@o0Psf nt diheairink pdestand Sn@leswf operation of thidnvdtimnrevtiod of any of

the previous c¢clainps, wherein at | east a portion of the dewaxed and/ or
hydr of Soner s 2GR TOBiIbATBLT pRGHelE s o ft et e Rk FRb T Tty o 11 eeze

poi nt of not angbﬁhélﬁ?%%erstood by those &f skt fﬁ%taﬁgﬁlecgve‘?arl‘y of the

previous clains, wherein at |east d portion of the dewaxed and/or

hydr oi soner i zedchued, as dofiosd by e clams soovmpedeasthpeprefareld havi ng an ASTM
D86 90% di stillation point wi.thin the range of from 250C to 290C.

6. The net hod® O‘Qﬁiﬁnggfnottﬁﬁe Ly SRUmEras e iher ei n at | east a portion of
t he dewaxed and/or hydroi sonerized fuel conposition is recovered as jet
fuel having an ASTM D86 90% di stillation point within the range of from
200C to 240C. 7. The nethod of any of the previous clains,
wherein at |east a portion of the dewaxed and/or hydroi sonerized fuel
conposition is recovered as diesel fuel having an ASTM D86 90% di stillation
point within the range of from 260C to 350C.



- 28- 8. The method of any of the previous clainms, wherein at

| east a portion of the dewaxed and/or hydroi sonerized fuel conposition is
di stil | edwearndiiai3143east one jet fuel or at |east one di epelr/usee/ows77
recovered follow ng distillation. 9. The nethod of any of the
previous clainms, wherein the feedstock fuyrther conprises mneral oil.

10. The nmethod of any of the previous cl&'ns, wherein at | east a portion of
the hydrotreated nmaterial is dewaxed but not hydroi sonmeri zed. 11.

The net hod of any of the previous clains, wherein at

| east a portion of the

hydrotreated material is hydroisonerized but not dewaxed.

CLAIMS:

1. A method for producing a dewaxed fuel composition

comprising: providing a feedstock containing lipidic biomass;

hydrotreating the feedstock to produce a hydrotreated material; and

dewaxing and/or hydroisomerizing at least a portion of the hydrotreated

material to produce the dewaxed and/or hydroisomerized fuel composition.

2. The method of claim 1, wherein at least a portion of the

dewaxed and/or hydroisomerized fuel composition is recovered as jet fuel

or diesel fuel.

3. The method of claim 1 or embodiment 2, wherein at least a

portion of the dewaxed and/or hydroisomerized fuel composition is

recovered as jet fuel having a smoke point of at least 25.0 mm.

4. The method of any of the previous claims, wherein at least a

portion of the dewaxed and/or hydroisomerized fuel composition is

recovered as jet fuel having a freeze point of not higher than 35°C.

5. The method of any of the previous claims, wherein at least a

portion of the dewaxed and/or hydroisomerized fuel composition is

recovered as jet fuel having an ASTM D86 90% distillation point within the

range of from 250°C to 290°C.

6. The method of any of the previous claims, wherein at least a

portion of the dewaxed and/or hydroisomerized fuel composition is

recovered as jet fuel having an ASTM D86 90% distillation point within the

range of from 200°C to 240°C.

7. The method of any of the previous claims, wherein at least a

portion of the dewaxed and/or hydroisomerized fuel composition is

recovered as diesel fuel having an ASTM D86 90% distillation point within

the range of from 260°C to 350°C.
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8. The method of any of the previous claims, wherein at least a
portion of the dewaxed and/or hydroisomerized fuel composition is distilled
and at least one jet fuel or at least one diesel fuel is recovered following

distillation.

9. The method of any of the previous claims, wherein the

feedstock further comprises mineral oil.

10. The method of any of the previous claims, wherein at least a

portion of the hydrotreated material is dewaxed but not hydroisomerized.

11. The method of any of the previous claims, wherein at least

a portion of the hydrotreated material is hydroisomerized but not dewaxed.



