- FUEL PRODUCTI ON FROM FEEDSTOCK CONTAI NI NG TRI GLYCERI DE AND/ OR FATTY ACI D
ALKYL ESTER FI ELD OF THE | NVENTI ON [ 0001] This invention relates to the
product i onmoab11zo3fewel conposition from a feedstock that eowprsesies4deipi d
material and mneral oil. Mre particularly, this invention relates to the
production of at |east one transportation,fuel conposition froma feedstock
that conprises mneral oil and lipid naté}fal sel ected fromthe group
consisting of triglyceride, fatty acid al kyl ester and a conbi nation

t hereof, wherein the _prod i on 3 s € ocr acki ng step.
BACKGROUND OF THE e eE LD oo #ronnent al  and
energy concerns, thgell RESN AN FANS RSIDIALRYORITIR the use of

bi ol ogi cal materials 1Tn the manufacture of fuel products, particularly in
transportationp acture of fuels, one area of interest has
been the prodg ] tesel fuel via processing of vegetable
oils and aninmal fats that contain triglycerides of fatty acids. [0003] A

st andar d appr 88H f or Tdémineentiangelagggde dis rrodidtongf adveleqonipgsitipnaci d

derivatives into fuels such as diesel. e fuels has been,acconplished by a
transester 1 6901 ofenSadt fdy oo €S aid RS udn 0B S ME e he
veget abl e oi | pytichiafpt dhanaleritidntrbRtRtE SR8 iod Fat Rhtdne such as sodi um
hydr oxi de. The product that is produced is a fatty acid nmethyl ester, and

t he product céanspertagentifugl peroposjtiesiramdi igeddtodkibpt epmmisenthiepvhent f or
di esel fuel. [0004].Var.ious prohlens. . w th fuel ..qguali have, been associ at ed
G ThCthe  Tuel DT DR RN S RERT AT et £ MRk e DR BER 2200r o
process, howeygd all§0eRePind esifibisedt @okot, Ralddela tROode@ldh ihtlower operti es

and | ow oxidation stability.
at least one hydrocracking step.

—

BACKGROUND OF THE INVENTION

[0002] Due to a variety of environmental and energy concerns, there
has been a high interest in promoting the use of biological materials in the
manufacture of fuel products, particularly in transportation fuels. In the
manufacture of fuels, one area of interest has been the production of
suitable diesel fuel via processing of vegetable oils and animal fats that

contain triglycerides of fatty acids.

[0003] A standard approach for converting vegetable oils or other fatty
acid derivatives into fuels such as diesel type fuels has been accomplished
by a transesterification reaction. This reaction involves contacting the
vegetable oil with methanol in the presence of a catalyst, such as sodium
hydroxide. The product that is produced is a fatty acid methyl ester, and the
product can be used directly as a diesel fuel or blend component for diesel

fuel.

[0004] Various problems with fuel quality have been associated with
the fuel products formed from a simple transesterification reaction process,
however. Some of these problems include poor cold flow properties and

low oxidation stability.



2 - [0005] Hydroprocessing is one type of process that has been proposed to
overcone sone of the problens associated with fuels produced from a

veget abl ewoi2b1vopp@if eedst ock. For exanple, U.S. Patent Roplusc@viosmsi4
Publ i cati on No. 2009/0166256 di scl oses a process for the nmanufacture of

di esel range hydrocarbons that are low in,sulfur and that include up to 20%
by wei ght of a bi oconponent feedstock. The& process includes the use of a

st aged co-hydrotreating process for the nanufacture of diesel range

hydr ocar bons st one

m neral hydr 01 n fe@gﬁépr%& ngg%gi SﬁlgtalIF 3&%@%&?%@%@%@0%@ ng

hi gh quality tmeterédmdan@bbt@e@wmems es’sloallatedrvetﬂsfudsl predu@htfronhd particul ar,
processes are s e':rr%]ht that are capabl e of producing a variety of

transportati oM 1%011ﬁ&%ﬁﬁ?%&%&@t?h@ﬂplﬁe?o%@ﬁ@m{’*@Ph%‘@lﬂ and diesel. It
I's al so highly,de 'nt)ﬁgttot Badob s %%s%?o%@§a??oc%@s otﬂ{% I%&ul%sbto

reasonabl y contro sired si e reaction eS|re reacti ons can
result in not diestlyangduckectaglsithat afulemsinbutfucand thdviacket yipad P@%t cat al ysts
used in the reactlon process. SUWNVARY OF THE | NVENTI ON [ 0007] This invention
provi des procB¥sessi6f a bres@uprRentiegsstocka e Prcssy peludantisere gkt on fuel ,

ff o bi 01 00! CohelRl Ehl@orrfifh prol bLdl MERER AkrurJBEIBLAMHEE | nC) udes one of
nmore hi gh quali £ sport i‘on s such as gaso I'ne, Kerosene, jet
fuel, and di ehedirotarbbns frO0Ci3 ] dhstcarediio@ntymnonefcadyoedkt andfat 1dast errevent i on,
there is provided a nethod of producing transportation fuel. The nethod

i ncl udes prodHEF‘ﬂ@l ﬁ% tockt eedst ock containing lipid material and
mneral oil. Preferabl Y, the lipid material can be selected fromthe group
consi sting of [@06lgl ycexdditemal paictyseafor praducig legh quaity dund foombi nat i ons

t her eof The fgu)sto k can be hydrocyacked to, produce the trans ortatlon

fuel . oglca material are still sought. In particular, processes are sought that
are capable of producing a variety of transportation fuels including gasoline,
kerosene, jet fuel, and diesel. It is also highly desired that the processes be
carried out so as to reasonably control undesired side reactions. Undesired

side reactions can result in not only reduced quality fuels but can adversely

affect catalysts used in the reaction process.

SUMMARY OF THE INVENTION

[0007] This invention provides processes for producing fuel,
particularly transportation fuel, from biological material, e.g., lipid material.
The product includes one or more high quality transportation fuels such as

gasoline, kerosene, jet fuel, and diesel fuel.

[0008] According to one aspect of the invention, there is provided a
method of producing transportation fuel. The method includes producing or
providing a feedstock containing lipid material and mineral oil. Preferably,
the lipid material can be selected from the group consisting of triglycerides,
fatty acid alkyl esters, and combinations thereof. The feedstock can be

hydrocracked to produce the transportation fuel.



[ 0009] Accordi ng to anot her aspect of the invention, there is provided a
nmet hod of producing transportation fuel that includes a step of preparing
or provi avogor/femdst ock containing mneral oil at a comCenS2ab/omwsi4 gr eat er
than 99 wt % m neral oil, based on total weight of the feedstock, and a
lipid material selected fromthe group c_cu%jgi sting of triglycerides, fatty
acid al kyl esters and conbi nati ons thereof Preferably, the feedstock can
have an initial boiling point of at |east 100C and/or a final boiling point

of not greate nb5 f roduce the
transportati OLOOPQEI . %%dl-[ tO@%@%%%WQWE%&%Wé%&S] Thi s

i nvention prowinttelsodpsfagredsesy framsppriadeicfusbthan@chides@itep lof glepatiag i ty fuel s,
particularly at |east one transportation fuel, fromfeedstock that includes
bi ol ogi cal mafEPioxyIdinga feedstork containing Pingrad offgtt @craient afot gF3tdsses can be
carried out wiii oty atichngidabaBh IEANLiAMHUAL rRbwBdeRlnate. Si de
reactions such as cracking, polynerization, “and aronati zdti on, ich can be
a consequencenaferlahsgectbidfvm thé grempatonsistingsf @ighestitits, fattyeacidalent i on

provi des for the production of product that is high in quality.

Addi ti onal | y, CHgisang semgegonsthercet pPiséaaly; deferdSiagl sP3BIVE #F f ected to any
significant extent..: T 1 : (WP i.nvention
conpri ses bot ﬁiﬂgo(ljm%g@@rlﬁ Ja}ﬁdt ge% m ngir%gf%g%lﬂn%by&ﬁﬂ% hglrn tépie%él)tl " is neant a
f ossi | / m ner apréatee thaedifi0E€, Thudtedasck catlbe by drociankkdrotprodiee closmer ci al

organi ¢ product, such as sold under the CAS nunber 8020-83-5, e.g., by
Aldrich. In oH8¥RHBEPHERE-, the Iipid material and mineral oil are nixed
together prior to processing. In another enbodinment, the lipid nmaterial and
m neral oil aDETXIOHDIBESARIBERAN e THiH ERBODMNBNAS appropri ate processi ng
unit or vessel. [0017] The term"lipid material"” as used according to the

nvention i fyi8fPOs i Ofly AT SEdeOhrobl QLR HRldul R ilcdr orCener al 1y,

t hese bi ol ogi cal materials I nclude vegeta s/ ol animal fats/oils,
fish oils, pyhighygiakty fudls; patitdarlaadicadt gae thangpodsfion fig], fasmwel | as

conponents of _such material s. re specifically,. the lLipid material

i ncl udes one Bereﬂ?f;ﬁ?gﬁ?&%?%ﬁs P} gicajéﬁ%?ﬂ?ﬁd%gw ﬁplﬂi%?@&hg&@ﬁ% are typically
bi ol 0gi cal cOTREYASR D Rln B EarkiBd BLUPH foul Brotichlra utlirie @l uhldnt g nonpol ar
(or fat) solvents. Non-limting exanples sucht sofvents 1 nclude al cohol s,

et hers, chl or ohdasirpblalsideglreacienated, aslvearkarpe polynctrieetdn, madi ons t her eof

0018] Maj or classes of lipids include, but are nat necessarily limted
[ I Ve aromanzat?on, th1)ch can be a consequence 0{ large heats of reacztaion. yAs a

result, the invention provides for the production of product that is high in
quality. Additionally, catalyst used in the process is not adversely affected

to any significant extent.

[0016] The feedstock that is used in the invention comprises both lipid
material and mineral oil. By “mineral oil” is meant a fossil/mineral fuel
source, such as crude oil, and not the commercial organic product, such as
sold under the CAS number 8020-83-3, e.g., by Aldrich. In one
embodiment, the lipid material and mineral oil are mixed together prior to
processing. In another embodiment, the lipid material and mineral oil are

provided as separate streams into an appropriate processing unit or vessel.

[0017] The term "lipid material" as used according to the invention is a
composition comprised of biological materials. Generally, these biological

materials include vegetable fats/oils, animal fats/oils, fish oils, pyrolysis



to, fatty acids, glycerol-derived lipids (including fats, oils and

phosphol i pi ds), sphingosine-derived lipids (including ceram des,

cer ebr osiwex1iganii osi des, and sphi ngonyel i ns), steroi #sTASdII0E6n4
derivatives, terpenes and their derivatives, fat-soluble vitamns, certain
aromati ¢ conpounds, and | ong-chain al coh_ohg and waxes. [0019]In living
organi sns, |lipids generally serve as the basis for cell nenbranes and as a
formof fuel storage. Lipids can also be found conjugated with proteins or

car bohydr at 51U i ! & TPk LIRSRALEI5cRRgRoRglgsacchar  des.

[ 0020] Exanpl es G able oi'ls t used 1n accordance with this
i nventi on i nckpadéficaliy} thalipidwkteliahintkded ona apeaseadpd liyjgta) oi |, soybean
oil, coconut oil, sunflower oil, palmoil, palmkernel oil, peanut oil,
linseed oil, EYNPOHds. %@fiﬁomp?nf@a?é@ biigly biglggicalstomnaunds thaf ¥ka oi |,

olive oil, fl i j i f r. Qi : i l, tallow
oil and rice g%rggﬁl%gel @\J\’a[tggg{ﬁa e%tg% gib[:loélpgfa;ré&%‘séﬁrsg g{rltrségﬂ)?ﬁglrn in can al so
i ncl ude pr ocesseanpleegtduzblselvonts imAtde dladholdNetheld, ohiorofgrexakydl es of
processed vegetable oil material .include fatty acids and fatty acid al kyl
esters. Al kyl 2e43tet denzene cd Gpmbipatipns thetedds al kyl esters. One or nore of
nmet hyl, ethyl, and propyl esters are preferred. 5 - turkey fat, fish

fat/oil, and @eigken MNijor dheecsaof lipids irrliglechun doenoticacssedlyflimiredany sui t abl e

sour ce i ncl udi ngarest urgfmts nd neat. production facilities. [0023] Ani mal

. . ,PT.
fats as refer fedHp? yecrl-deriygichinide(ipelydivgdas Aliavdl fat material .

Non-limting ey idSf <R e 18l qsf Lal.j.nclude fatty acids
and fatty acig gﬁ&éﬁ%@f%@%éﬁ?ﬁy&@@?e sdst(%}@féér?thé elEJl’de C1- 05 al kyl
esters. One occrabwosidos, gamglisides edraydphingochyplingysdtecreidsend thaie pref erred.

0024] Al gae oils or lipids are typically contained in algae jn the form
[ A9 der?vatives,t rpenes and thgﬁp der?vati%//es, at-soiub?e Vitamins,gcerta{n

aromatic compounds, and long-chain alcohols and waxes.

[0019] 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.

[0020] 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,

camelina oil, safflower oil, babassu oil, tallow oil and rice bran oil.

[0021] Vegetable oils as referred to herein can also include processed
vegetable oil material. Non-limiting examples of processed vegetable oil
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.

[0022] 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),



of menbrane conponents, storage products, and netabolites. Certain algal
strains, particularly mcroal gae such as diatons and cyanobacteria, contain
proporti onel2by/dirgh | evel s of |ipids. Al gal sources for PCiaSadigaeensd | s can
contain varying amounts, e.g., from2 w%to 40 wt % of |ipids, based on
total weight of the biomass itself [0025] Al gal sources for algae oils
include, but are not linmted to, unicellufar and nulticellular algae.
Exanpl es of such al gae include a rhodophyte, chlorophyte, heterokontophyte,
tribophyte, g , r i aph . i t ophyt e,

crypt ononad, h?ﬁ%?ﬁ?f?esﬁfﬂ@"%ﬁ@?@%f@%ﬁo@ggﬁ ? E%Q?Jﬁj%e g@%ﬁi’%c)onbi nati ons

t hereof |n oné&oamandiuieblt, soadcgascleding bstaafarthendcihasgesdichlbbar ophyceae and/ or
Hapt ophyta. Specific species can include, but are not limted to,

Neochl ori s ol gﬁ’&élﬂt?ﬁdans, Scenedesnus di m or phus, Euglena gracilis,
Phaeodactylum tricornutum Pleurochrysis carterae, Prymesium parvum
Tetrasel m s ch23] and AGlimahfatkoavanfesred eo hb@inddlso inc[udd 26¢cEkedlanphal mat eri al
portion of th%\ f eedst ock can. be corrp[i sgd of trigl y(ieri des, fatty acid

al kyl est ers, [Bmaeit e NOBNMEBSSKARP| 8 95 PEAsETsed ANINAl Spfendrbiydi ment, t he

f eedst ock cangi : : %4l Pi | : t ot al

wei ght of the@c@?gﬁ?ﬁy&ﬁ&%ér %\?}?%gg a? @rﬂﬁloégggsgi%%%%ﬁ%&%Lpéc%mﬁggfl?@preferabl y
at least 0.5 4%; allon cexmnide @atmoreasimcthyit Sthylabnd papyl &tk e or at | east 4
W% [0027]Additionally or alternately, the feedstock can include not nore
than 40 wt % | PBf&iTSfat eri al , based on total weight of the feedstock,
preferably not nore than 30 wt% for exanple not nore than 20 wt % or not
nore than 10 ya02¢] [ 0028 dmoits@ lgridiroate mgmcallyt doatdingl id ahgaeen tlal fooont ai ns
triglyceride. pes of triglycerides can be determnm ned according to their
fatty acid cofl %ﬁe W§.°”*ﬂ%§¥1?té1SEW%%P@BE%&%%%?@“% Fram élég]i ly

det et i ned sk Ghan Rt AN ANINECE uanahY Sl Tl iapalphin | 1vol ves
extracting the %gﬁ%r ohqmgslapon%yysiung (ﬁygrﬁis?/yz‘fcr‘(é‘ teﬁe fat or1 oil,
preparing an patdppttidqnallg hjghntetvdly by lipigls.e Algill soureessfap drei dlgaedilsatainor oi |, and

determ ning the type of (nethyl) ester_usjn al.ysis.. In one
enbodi ment, aCHREPEYAEYE %m@m,lt%gﬁ'-%a r@Fn%Wé% tgﬁ‘%"%jo{%@d?’ Basgdbr i de present
inthe lipid E%&l%%}gﬁtmﬂe %n&@@ﬂ%&lﬁed of C8 to C22 fatty acid

constituents, based on total triglyceride present in the lipid material.
For clarity, when a fatty acid or fatty acid ester nolecule is specified as
a "Coxx" fatty[%’??]d, f%lgé SQBTCgs g%ﬁ’igqet pcludsy %F'é?rf’)lilohlém&e‘ggq’er, what is

meant s that nx¥iiylhSadd ufidBRRar Sbad AELRNFeO8F LBR al8E ARMERI A€ of the
carboxyl ate |1 nkage, 1.e., including the carboxylaté& carbon, whereas, in

fatty acid estledephythechésbphytedrdbankorsophynotribopiytd gthucopltyie " Cxx" and are
the carbons on the ox n side of the carboxylate Iinkage, i.e., stopping
at the car _boxgliﬂ_afaéagyi}lg’gwe’ plg,gﬁ@%ﬁi,,hagtqp?'lwl, Q'Fqn&‘glafiséﬁggﬁ?ﬂe@b‘m’e havi ng a
structure | deg%?%ﬁilanﬁt%n,téﬂﬁthgﬁﬁé,' 40 BHPBHAMELNOTheBoXC R Ghe ARBbJiRERE fatly

aci ds. Thus, hough a triglyceride is described herein as being conprised
of fatty aci dslgae tarsboof ttic blssesddrisiopbytenband/vhHaptaphyta.aSpetitonponent does
not necessarily contain r box d h dr}ﬁ en. In thaﬁgrocesses of the

ac lic aci
present | nventhIFS C4n G Pyt B¢ pHamiied b Jeer e plead the Iipid
raterial can BLeLAEaMl AR RSPEIES OhofAOPk ARy OhiERAIRL CI2 to CIS,

fatty acid constituents, b off total triglyceride present in the lipid
mat eri al . Pleurochrysis carterae, Prymnesium parvum, Tetraselmis chui, and

Chlamydomonas reinhardtii.

[0026] The lipid material portion of the feedstock can be comprised of
triglycerides, fatty acid alkyl esters, or preferably combinations thereof. In
one embodiment, the feedstock can include at least 0.05 wt % lipid

material, based on total weight of the feedstock provided for processing into



7 - [0029]In a particular enbodinent, the lipid material includes
triglyceride, with at least 20 wt% preferably at |east 30 wt% for exanple
at | east WO 20119437®fi the triglyceride being conprised of PCamrszeioaetods (C
12:0) constituents. Using the notation "C xx:yy" indicates a conpound
havi ng "xx" carbons on the nmain chain, i.g., on the carbon side of the
carboxyl ate group including the carboxylate carbon, and having "yy" double
bonds on that main chain. Additionally or alternately, the lipid materi al

includes tri g;%gﬁg%ggab%%@%\ﬁlg%fg.%%tﬂr gzga 1€t feggt le%@%r,gdt?egs{ 9 Wt%z W o%to 58

wt% or from4 of the triglyceride bei'ng conprised of lauric
aci d constituenatdeastdlve®s ot herw se unanbi guously specified, percentages
expressed herein are percentages based on a nunber total of elenents or

constituents. 0] Adgj i I 1 i i al

i ncludes tri glldygglrzi de, vcxlntltltlﬁﬁgb’ O}Iggésﬁngéfl}%%gé%?cgéaé Iléélg&tiéi?%{glg?r% wt % for
exanpl e at | edmh 400vt36 Ypidahateliel, badedloncetal deigheoidic dendstocked of nyristic
acid (C 14:0) caonstituents. Additi |1y or alternately, the |ipid materi al
i ncl udes t ri gPiFEEAPlYdIOt flormthep v OBEXANG NPIGROARDEE WD QWi t 0 26 Wk %

or 14 % to g.t% 9 fwiohe triglyceride being conprised of nyristic acid
Bodth At

constituents. Ititonally or alternately, the lipid materi al
includes triglyceride, with at |least 2 w% preferably at |least 3 wt% for
exanpl e at | SHIOZSE 1y 9y OBs o %dlm%|t%léplﬂd%at§réfﬁﬁ@n@wlg@éerl pal mitic

acid (C 16:0) i (NN} I q lipid materi al
i ncludes tri gW@éﬁ‘?ﬂ&gg@%&?‘ﬁeSgggwlb&dte%ﬁ{flz%\‘}w%%&?1{3% tgﬁ%g%p gy%a\%t %to 10 wt % or
5 wmt%to 8 w epnstifucnise Theifgity eadicdestiieémycavrgreadgddatrnpatduding aci d

T LM ol ALY o b v
for exanpl e atl t 9 i i j i of stearic
acid (C 18:0) ﬁé(?ﬁ??i T 8nt}é&lgg§(¥(ﬁr@%ng? ﬁﬁ%ﬁf&ﬂéﬁf{?g?{?g{l@éﬁ%ﬁéﬁgbi d materi al
i ncl udes 8 methnyil pésyarefitlbesapunified GatorwilYaidd@nwniMg thotypexdinpl e 1 wt % t o

55 wt% or 2 %to 50 wt% of the triglyceride being conprised of stearic
20l d const i t ULREEY) OSBSY REGG BT I Ie GISRRBRE SIARRRY (26 o rrat er 1 al

i ncl udes greater than 50%) of the triglyceride present in the lipid material can be
comprised of Cg to C,, fatty acid constituents, based on total triglyceride
present in the lipid material. For clarity, when a fatty acid or fatty acid ester
molecule is specified as a “C,,” fatty acid, fatty acid constituent, 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 molecule
having a structure identical to the reaction product of glycerol and three
fatty acids. Thus, although a triglyceride is described herein as being
comprised of fatty acids, it should be understood that the fatty acid
component does not necessarily contain a carboxylic acid hydrogen. In the
processes of the present invention, a majority of the triglyceride present in
the lipid material can preferably be comprised of Cyy to Cyg, for example Cy,
to Cyg, fatty acid constituents, based on total triglyceride present in the lipid

material.



triglyceride, with at least 5 ww% preferably at least 6 wt% for exanple
at least 7 wt% of the triglyceride being conprised of oleic acid (C 18:1)
constit uewmo2011Ad3@oLi onal |y or alternately, the |ipid nmatreritskoionedoudes
triglyceride, with 5 t%to 30 W% for exanple 6 w%to 25 wt%or 7 ww%to
20 W% of the triglyceride being conprised of oleic acid constituents.
[0034] Additionally or alternately, the ITEi’d mat eri al includes
triglyceride, with at least 2 w% preferably at least 3 W% for exanple
at least 4 w9 f th ry r ' ri ic acid (C 22:1)
constituents. @é% ti 02%%Ipbggc}ré&gle@?ﬁigﬁéeﬁ%lgﬁﬁg ]fq?tgﬂ%ﬂ%gtﬁgérﬁlcal i ncl udes
triglyceride, triglyderidewwsdh tioled€d 206w o, fppefeebiyngm 1easB 308 d, Gortexamiplé ar 4 Wt % t o
60 wt % of the tri gl yceri de bein rised of erucic acid caonstituents.

[0035] I n one Yent of thﬁglglyc%riﬁlg%r@rqoa}pr@%fF fayde agidiEy1 20 d al kyl

ester. Prefer - e Lg: al st el ri cid nethyl
esters (FAMVE) ?%%ﬁ%%é?ﬁ%?ﬁ% Itéglso?l eﬁ%ﬁ.ﬁ%ﬁ{cﬁﬁﬁldgﬁ@g{@%\ﬁg d propyl
esters. [ 0036}k’ @rpartanaht anirectiidi;@eoh thé cdrben sidv efithcaarboxkkatd i pi d

material portion of the feedstock conprises fatty acid al kyl ester, and a

majority of tBOUPdPelydiggithe carkeylats carbopyadddiayingn ywhdonhlpibandseeeri al i s

preferably F Ll n I t . i Nt the lipid
mat eri al por%ﬁ o?p ﬁa]éﬂfég@@oga@b %%g%ﬁﬁ%?’l tggfhg%d]@%{g@tgﬁ%m\%%@ preferably
at | east 30 wiriglydcoideewahgDevtéd tol @ast% Adr vkdmplation a2z md%abkglwidst er

preferably FAME, based on total weight of the lipid material. Preferably, a
majority of tREMPEKIAWHA(RSE SR Of theritiglyseridaieingheqprsed PTWIF ester,

preferably FA . 1St prylic acid
(C o 0y, vapr o sERGieRhyS UREL kA bbb aR PREB Meassll Y1 LT, 7 C
14: 0), pal m t expragied hé¢@irll&ePercepakes baké b aawintbef (Gtdl@ft)emsiteari ¢ acid (C
18:0), oleic acid (C 18:1), linoleic acid (C 18:2), linolenic acid (C

18: 3), eruci cCASIHQER2: 1), and conbi nations thereof In a particul ar

enbodi ment, a npjority of the fatty acid constituents of the FAME present

inthe |ipid poserial Axhilitionalyoanlttraatebl, dot lgdd imanenidl heclgiooup consi sti ng of
lauric acid (C 12:0), nyristic acid (C 14:0), palmtic acid (C 16:0),
pal mitol eic aefiéy‘(e@dfewz@l at @P%azr‘i"@}"{dlr?@rib’ oy D Wit FEAPIPe 18: 1), and
frg{”;'r i”gf' ggft Ii%ﬁtr RPH 126 PASARE 1Ay iR b RFRRIprREd EAMFriBE E2&8 C 18:0hhe 11 pi d
constituents. Additionally or alternately, the lipid material includes
triglyceride, with 10 wt% to 28 wt%, for example 12 wt% to 26 wt% or 14
wt% to 24 wt%, of the triglyceride being comprised of myristic acid

constituents.

[0031] Additionally or alternately, the lipid material includes
triglyceride, with at least 2 wt%, preferably at least 3 wt%, for example at
least 5 wt%, of the triglyceride being comprised of palmitic acid (C 16:0)
constituents. Additionally or alternately, the lipid material includes
triglyceride, with 2 wt% to 12 wt%, for example 3 wt% to 10 wt% or 5 wt%

to 8 wt%, of the triglyceride being comprised of palmitic acid constituents.

[0032] Additionally or alternately, the lipid material includes
triglyceride, with at least 0.5 wt%, preferably at least 1 wt%, for example at
least 2 wt%, of the triglyceride being comprised of stearic acid (C 18:0)

constituents. Additionally or alternately, the lipid material includes



[ 0038] The feedstock provided according to this invention conprises a
mneral oil. Exanples of mneral oils can include, but are not limted to,
st rai ght worro(1aBnwspheric) gas oils, vacuum gas oils, decgtskéionesioil s,
coker distillates, cat cracker distillates, heavy naphthas (optionally but
preferably at |east partially deni trogeng%(_ad and/or at |east partially
desul furized), diesel boiling range distitlate fraction (optionally but
preferably at |east partially denitrogenated and/or at |east partially
desul furized) .. f - Paid | o/ dicSt ] [ 6 jonal |y but
preferably at trIlézésetr ldgg‘kv%t?gl% \b’pfgé%??%gééﬁgtééghlgkg]/ Ig?%g[% S?er&éts%?) 81:)%”“ ally
desul f uri zed) wtketoG9ens,adithd miglycarige being comipaite&l dfi sdedricawid opti onal |y but
preferably at |east partially denitrogenated and/or at |east partially
desul furi zed) COBH#EFal |iquids. The mineral oil that is included as a part
of the feedstock can conprise any one of these exanple streans or any

conmbi nati on t [083&jof t Redditiemallg obeltsuatchh tle lipd nwyetiad énciodessng with the ipid
material portion. Preferably, the feedstqock does not contain_an

appr eci abl e agrpélza@ff@ﬁegf%tﬁ@hféaﬂé Wibodr Yaftlﬁ%StﬁiVﬁtté/?aafPr BIAMRGAT be ni xed

with the |ipi o, @ . | : nm a
hydr ot r eat ed gn%’?gﬁgl/f 55@9%%?%53@3’%@?%%@%2%6%&?gﬁ%ﬂ?“ can be
hydrotreat ed tonstiaduce Addbtioalyageaitcaatiythslipitlmateaitiesitddsef or e bei ng
mxed with the lipid material portion. - 10 - [0039] The mineral oil
conponent can™6BHEIR: Witk Pagen cdhAionios QX@B%&[MYE 1Q abBH éaral WHoas

"nitrogen”). g(gjo GXRATDS fie mt%?gﬁéﬂdggeﬁﬁgewrﬁp&% o‘PBf%fcaéc'i'd BdnskifiRRls > WPPM

ni trogen, bas on tota t mneral oil conponent. Preferably,
the mneral oil wll contain not greater than 1.0 % ni trogen, based on
total weight #%3¢he mﬁﬁ;‘ﬂ%‘?naé}iylmé FipRiGenthe Fmd&?ﬁ‘g\fg&lﬂ}d‘é‘{esl east a majority
of the ni troggn Wddacbich r fehg o QP BErAIHIRRARAL RGN 6PERAWIdS; [ 0040] The
m neral oil V\Aﬁp%wtypie’cawy contain ’sﬁgﬁeur@gont agltni ng ‘conpounds (abbrevi at ed
as "sul fur" otealtsuivt%r oftthateglytorideBeoty compoadds cwaiw dcypi(Cally be present

in the mneral oil at a |.fur. content greater. than.5Q0 m or often
greater than GOUST{HS. Aoy Q8 HF Yytipe lé?ldtnﬁ%erﬁﬁﬁ’é“rl‘g&%oi | . Preferably,

th | ] i i | 0 o/t W %
e sul fur cogﬁgggéergfe, Wi 2T BRER0 Qi Mokl 169 s a8 Gl oWt %

preferably no eater than 4 wt % bas otal weight of the m neral
oi | . [0041] I ntoofewerthddharerpiycetide béieg dstpakedaliericic heideongitugrteat er t han 99
wt% m neral oil, based on total weight of the feedstock. Preferably, the

f eedstock cangoasf ude 1pghe 8MBadiRTent, MRS rﬂ‘&tgﬁalfc‘aﬁqé)%@s”ﬂa{ﬁ abRtagpeater than
95 wt % not greater than 90 Mt % not greater than 85 w % mnerdl oil, or

not greater t bser. 30clorly,bbs Edtyorid dkyl estweeicgmprieds fatte adideashyck.
[ 0042] Addi tional ly | ternately, the tock can include at |east 50
W% m ner al - oPRersHESMIDHTbGET ikt SR BA e T o BN BPBYGr abl y. t he
f eedst ock cangipgl ude at |east 60 wt% for exanple at least 70 wt % at
| east 75 wt% or at |least 80 wt% m neral oil, based on total weight of the
feedstock. [0036] In a particular embodiment of the invention, the lipid material

portion of the feedstock comprises fatty acid alkyl ester, and a majority of

the fatty acid alkyl ester present in the lipid material is preferably FAME.

[0037] In another embodiment of the invention, the lipid material
portion of the feedstock can comprise at least 20 wt%, preferably at least 30
wt%, for example at least 40 wt% fatty acid alkyl ester, preferably FAME,
based on total weight of the lipid material. Preferably, a majority of the
fatty acid constituents of the fatty acid alkyl ester, preferably FAME, can be
selected from the group consisting of caprylic acid (C 8:0), capric acid



[ 0043] According to one aspect of the invention, the feedstock that is
hydr ocr acked can have an initial boiling point of at |east 100C, preferably
at | east wb@/Bworexanpl e at | east 180C or at |east 20@CI/Ush@obamsiic test
met hod of determning the boiling points or ranges of such feedstock, as
wel | as the fuel conpositions produced apggrding to this invention, can be
by perform ng batch distillation according to ASTM D86-09el, Standard Test
Met hod for Distillation of Petrol eum Products at At nospheric Pressure.

[ 0044] Addi ti opalih) t:8la, - VE: [ boi |'i ng

poi nt of not rég%bgﬂ&flﬁéa%\&gg%ég(%’rrg%ﬂ?%{)f%&i%? &Jgpggapg?ﬁta}%(ﬁ(égg@ for

exanpl e not gpaaiigieit heid (€0 ), §t0fASIcId 6C pROG asisicatidi(ael §: hy éindlean i ncl udes

a step o rocracki ng the feedstock to produce the desired fuel product.
p of hyd Ki he feed k prod he desired fuel prod

Hydr ocr acki nga?iéf(gr@ﬁt)gh@lﬁl?lé@é@écbkﬁ:%F’&lﬁlccaéﬁq €77 hydbcar bon nol ecul es in

a provided fe r k i . i . : t ce a fuel
product. Typi ggﬁp@ﬁh?ﬁs&ﬁ?ﬁéf’ %&o%%@l?a%ﬁ%?%éggﬁé@ O%It)%raﬁt ansportation
fuel s, such ascigasodtittents &thoFAME present inehe lipiddhaeriaipesiedn caartet t hese

i ndi vi dual fuels can ‘tﬁ/@i cally be separated intg their conponent parts by
fractionati onSCleeAEPHHBe BAWFORsiskNhe I3nte add (Edd Hemyptis @dd out by

cont act | ng_ ¢ e 18RSk aRkic 481 { AL baRHoRLELRI @Dl o1 Vitdhi@aliidr ocr acki ng

catalyst, in sence 0 n'to formthe prdduct. e addition of
hydr ogen providés:Measleiciatidi (@ 1$18), andchinbigadspebhereof, bateel qartocss, in that
the fuel product that is produced is, t(%lgi cally nore highly saturated, and

can be furt hePMPEHRIdAVIE nigweatiny theligidiepieFiabkRBHEY. such as nitrogen,

oxygen, and sul fur, and can advantageously al so be reduced in aronatic
cont ent and/ of0038] uns dtherfeddstok pr¢\ddetl7jdcordimetoetitsadyentionh cotipeiséryadr ocr acki ng

catal yst used i.n the process of this invention can conprise an anor phous
base or zeo|i%n%a%%l-a%@%esaﬁm%riOésa%quﬁawa@gﬁdlrw et al

hyd ti ' : Ki tal yst
ydrogenat | on G QIR Bihosh 1 ATBROS, SRR POV, BOFcBIFEaGacking catalys

can conprise a C I ne zeo cracki ase upon I's deposited at
| east one G ouogkeyldistillates @ao tpackdrBlistidlasds, Igasy ogplithad (eptiowatiyanent . Sui t abl e

Goup VIl and oup VI B net al an i nclude cobalt, nickel, iron,
mol ybdenum t aw%@%w,at &t mfynéq%%nﬁ%g@@ or W%%Bﬁféwﬁﬁppor ts,

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. The mineral oil that is included as a part of
the feedstock can comprise any one of these example streams or any
combination thereof that would be suitable for hydrocracking with the lipid
material portion. Preferably, the feedstock does not contain any appreciable
asphaltenes. In one embodiment, the mineral oil can be mixed with the
lipid material portion 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 lipid material

portion.



- 12 - additionally or alternately to zeolitic and/ or anorphous bases,
ively high specific surface area netal oxides such as silica,
si | i ca- alw@i2na/032doum na, and titania. Wil e one preferredTasbadionmsnt
includes a catalyst conprising a Goup VIB nmetal and a Goup VIII

i ncl ude rel at

(e.g., in oxi
sulfldlzed un

de form or preferably after t he oxi de form has been

der appropriate sulfidizati 019 conditions), optionally on a

net al

can

support, the catalyst may additionally or alternately contain additional

@99 S other 1&151%[‘81% @{i@&%ﬁc&?ae@aitr e?%% eﬁﬁ al s such as

conponent s,
ni obi um, rar

th neta or gani ands

r as

precursors | e‘ccbmpmmdsf(abhn‘ﬁxnedatimﬂogﬁdl)oFoseﬂafrmﬂé z2h¢ trmm‘ersltc&psa)n phosphor us

conmpounds, bo

si |'i con- cont aFPiiAgG &

or conbinatio
t he CAS Ver si

ron co ounds, fluorine-containing conpounds

oU WM HireE: based oy taevsighf pf thepaineig) ojlj ke agent s,

f G f
g;&]mg&?erfng rﬁ%}ﬁblﬁ@‘é@né&i 6il abfy@a()%o?' Adriiiin 1.6 & Oups o

riodic

Condensed Chewit%alitrbiat, basvdron, tothBivkighdbf theminBsal vidyombonddtusi r at i on,

sui tabl e Group

VIIINIB catal ysts are described, for exanple, in one or

enent's in Hawl ey's

nor e

of U.S. Patented; aigcasg ngigrityef fapniggacn wilbbointse forsn 882 500, 6, 712, 955,
g@ngﬁﬁng& % diAfs. 7 229,548, 7,288,182, 7, 410, 924, and

6, 783, 663, 6,
7,544,632, U

[0040] The mineral oil will typically contain sulfur-containing
compounds (abbreviated as “sulfur” or “sulfur content”). Such compounds
can typically be present in the mineral oil at a sulfur content greater than
500 wppm, or often greater than 0.1 wt%, based on total weight of the
mineral oil. Preferably, the sulfur content of the mineral oil will not be
greater than 6 wt%, preferably not greater than 4 wt%, based on total weight

of the mineral oil.

[0041] In one embodiment, the feedstock can include not greater than
99 wt% mineral oil, based on total weight of the feedstock. Preferably, the
feedstock can include not greater than 98 wt%, for example not greater than
95 wt%, not greater than 90 wt%, not greater than 85 wt % mineral oil, or
not greater than 80 wt%, based on total weight of the feedstock.

[0042] Additionally or alternately, the feedstock can include at least
50 wt% mineral oil, based on total weight of the feedstock. Preferably, the
feedstock can include at least 60 wt%, for example at least 70 wt%, at least
75 wt%, or at least 80 wt% mineral oil, based on total weight of the
feedstock.

[0043] According to one aspect of the invention, the feedstock that is
hydrocracked 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. The basic test
method of determining the boiling points or ranges of such feedstock, as

well as the fuel compositions produced according to this invention, can be



Pat ent Application Publication Nos. 2005/0277545, 2006/ 0060502,

2007/ 0084754, and 2008/0132407, and International Publication Nos. WO

04/ 007646y0\W1IAB®0A 084437, WD 2007/ 084438, WO 2007/ 084430T/UspaloMd614

2007/ 084471, inter alia. [0048] The zeolite cracking bases, which can be
used as a conponent of the hydrocracking Gat al yst, can also be referred to
as nol ecul ar sieves. These materials can be conposed of silica, alum na and
one or nore exchangeabl e cations, such as sodium magnesium calcium and

one or nore o - : - I tals.
[0049] 1 one. CuBotRy SafHikRubh AAkAhe T AT 2uhdyT? 2
nol ecul ar si eTestddexhbé fordedtill Ricaf @Medojeunt P®dacty at Abhospheriol ecul ar si eve
has a Constraint Index of less than 2, for exanple not nore than 1. The

met hod WO 20PH89901PCT/ US2010/ 049614 - 13 - by which the Constrai nt
Index is determned is fully described in U S. Patent No. 4,016, 218, which
i S 1 ncorporat gdailer ei M dalytionatie e atenafeB) B Addhtddkaraalhlaye effinal t er nat el y, the
hydr ocr acki ng c];i\t al yst can conprise a

at |east 7 anBetempeint ﬁf Belgranryhan SP%ﬁltp?gfg%%LYn@é%%ﬁ%%@% @fﬁ%?esﬁ ° o
| east 8 angst kB am ?erﬁdt%%a@érltﬂ Pi®lerred is a hydrocracking catalyst
conprised of a m)FeEuI ar “si eve %aw ng a pore size of not greater than 15
angstroms. [0045] The process of the invention includes a step of hydrocracking

the feedstock to produce the desired fuel product. Hydrocracking refers to a

process by which certain hydrocarbon molecules in a provided feedstock

are broken into simpler molecules to produce a fuel product. Typically, the

fuel product can include one or more transportation fuels, such as gasoline,

kerosene, jet fuel, and/or diesel, and these individual fuels can typically be

separated into their component parts by fractionation.

[00406] The hydrocracking process can be carried out by contacting the
feedstock, optionally but preferably with a hydrocracking catalyst, in the
presence of hydrogen to form the product. The addition of hydrogen
provides benefit to the cracking aspect of the process, in that the fuel
product that is produced is typically more highly saturated, and can be
further reduced in undesirable heteroatoms, such as nitrogen, oxygen, and
sulfur, and can advantageously also be reduced in aromatic content and/or

in unsaturations.

[0047] In one embodiment, the hydrocracking catalyst used in the
process of this invention can comprise an amorphous base or zeolite base
and one or more Group VIII or Group VIB metal hydrogenation
components. In another embodiment, the hydrocracking catalyst can
comprise a crystalline zeolite cracking base upon which is deposited at least
one Group VIII or Group VIB metal hydrogenating component. Suitable
Group VIII and Group VIB metals can include cobalt, nickel, iron,

molybdenum, tungsten, and combinations thereof. Suitable supports,



[ 0051] Exanpl es of zeolite nol ecul ar sieves that can be used in the

hydr ocracki ng catal yst include, but are not limted to, Zeolite Beta,

Zeol it e Xyozeulistw1yY, faujasite, Utrastable Y (USY), Dearamseomonesid’ (Deal
Y), Mordenite, ZSM 3, ZSM4, ZSM 18, ZSM 20, and the |like, and conbi nations
thereof [0052]1t is also preferred that _tII}e_ hydr ocr acki ng catal yst have at
| east sone acidity. Preferably, the hydrocCracking catal yst has an al pha

val ue greater than 1, nore preferably greater than 5, for exanple greater

than 10. The Qh&lﬂgné@'t dfealﬂeﬁ}a?e ﬂgoa%égﬁigf%d/&e%.b oﬁ%e&’ée?,.cfaﬂ'ﬁ%lﬁ@‘a' |ty and

an approximate 1 ndication o t1 talytic cracking activity of a catal yst
conpar ed to arditarethahghceptatiy sirfacthecaahplhbotidsd sughvesilichsilicalati ve rate
constant (rate of nornmal hexane conversion per volune of catalyst per unit
time) of the PE&INHWNYacanddfitapiny dVhile QuEerefcHRd SO VR UdfiRch is t aken

as an al pha Of:at%}g%%%%@géu&ﬁ/ﬁ% %@al%ﬁﬁé@rou%’?ﬁﬂ%&@la(eﬁge% I's described

in U S Patent nd in several articles In J. “Catal ysis: 4,527
(1965); 6, 278xidtI6m), or pnctciably SR tHcl@80) forinchasthcemsul@tiecénnéeri s made for a
description of the test. The experinental conditions of the test used to
det er m ne al pABPIORIYe sulfidizatige canditiory Lntiopalinep asuPROTe thegirlysts38C and a

variable fl Ownﬁgtaﬁditﬁéaggﬁccgg T eliyrztogﬁhﬁéddiﬂi(gha‘ﬂ co@{nﬁé&%’f Lch Rbtnet9° (1980).

The use of alp va c’zeolites is des I'n greater detail
in U S PatentraiNgtiodhn@fabs @18, Grodipiintckheds $@66G3 nidBatia), ysiccaghtnatdle. - 14 -
[00S3]1t T ngﬁga?lieccl?;aigsr Ele. é,h a?st adtdgg op gllsdfr)roeglgr?grlé ilg ogeartfﬁolr%{ Sogcidggortl Lahly

and/or sulfidization steps), phosphorus compounds, boron compounds,

fluorine-containing compounds, silicon-containing compounds, promoters,

binders, fillers, or like agents, or combinations thercof. The Groups

referred to herein refer to Groups of the CAS Version as found in the

Periodic Table of the Elements in Hawley's Condensed Chemical

Dictionary, 13" Edition. By way of illustration, suitable Group VIII/VIB

catalysts are described, for example, in one or more 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, 7,229,548, 7,288,182, 7,410,924, and 7,544,632, U.S.

Patent Application Publication Nos. 2005/0277545, 2006/0060502,

2007/0084754, and 2008/0132407, and International Publication Nos. WO

04/007646, WO 2007/084437, WO 2007/084438, WO 2007/084439, and

WO 2007/084471, inter alia.

[0048] The zeolite cracking bases, which can be used as a component
of the hydrocracking catalyst, can also be referred to as molecular sieves.
These materials can be composed of silica, alumina and one or more
exchangeable cations, such as sodium, magnesium, calcium, and one or

more other metals such as transition and/or rare earth metals.

[0049] In one embodiment of the invention, a large pore crystalline
molecular sieve can be used. Preferably, the crystalline molecular sieve has

a Constraint Index of less than 2, for example not more than 1. The method



acidic, although a highly acidic catalyst can be used. In one enbodinent,

t he hydrocracking catal yst can have an al pha val ue of not greater than 200,
for exanpwe 2nato3grogat er t han 100. [ 0054] Hydr ocr acki ng canThsS2@anudeed out
under conditions effective for producing the desired fuel product. In one
preferred enbodi nent, the hydrocracking qén be carried out at an average

reaction tenperature from 300F (149C) to 900F (482C), preferably from 550F

(289C) to 800F (427C). [0055]Additionally or alternately, hydrocracki ng can

al so be carri - e ' - psia (27 atm
or 2.8 MPaa) ?gV@%%H%%§?§$?§ﬁ%&§§%$ﬁgﬁ%%%%5§%?@i%§§¥é?agi39$f0n1500 psi a
(34 atm or 3. BatyRald). 4,01 K00K) wistlais(ide@patataddiercid bivivatajenc§.0056] Addi ti onal |y
or alternately, the hydrogen containing treat gas rate in hydrocracki ng can

range from 30 f/ bbl / : ), for

exanpl e fron1g%%g]scf/ﬁ%@ﬁggggo%%g?%%?ggggﬁ 8&23??%%%9?9?%£ﬁﬁ3/n3)_

[ 0057] Treat gasmpas a mb&rculd sicoec havihfb pospend 6fi at &tasohangsaontse ei t her pure
hydrogen or a hydr ogen-cont ai ni ng ga§, whi c[;hac ntaj ns hydrogen in an anount
at |east suffPEl&APIVaSIcaphe* PREEHEY [Gréxemp tgiﬁsb%%g%w%pu onally in

addition to OBER[]aH0" 1 g@ﬁﬁ : ik isch LB IndivAifcar bons
such as net hane,fegr?ggrpﬁ%t%{r%es, n é%ro%?%%% ?fgtrsls t elrsgglfog hd;%&lgeneral ly do
not adver sel ysicn¢ havieg e paid dizoof @it emter ehdrhEy aitghromeact i ons or the
products. Inpurities, such as H2S and NH3, are typically undesirable and

woul d [0051] Examples of zeolite molecular sieves that can be used in the
hydrocracking catalyst include, but are not limited to, Zeolite Beta, Zeolite
X, Zeolite Y, fayjasite, Ultrastable Y (USY), Dealuminized Y (Deal Y),
Mordenite, ZSM-3, ZSM-4, ZSM-18, ZSM-20, and the like, and

combinations thereof.

[0052] It is also preferred that the hydrocracking catalyst have at least
some acidity. Preferably, the hydrocracking catalyst has an alpha value
greater than 1, more preferably greater than 5, for example greater than 10.
The alpha value is a measure of zeolite acidic functionality and an
approximate indication of the catalytic cracking activity of a 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™). The alpha test is described in
U.S. Patent No. 3,354,078 and in several articles 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 alpha values include a constant temperature of about 538°C and a
variable flow rate, as described in detail in J. Catalysis, 61, 395 (1980).
The use of alpha value for acidic zeolites is described in greater detail in

U.S. Patent No. 4,016,218 and in the 1966 J. Catalysis article.



typically be renoved fromthe treat gas before it is conducted to the
reactor. The treat gas streamintroduced into a reaction stage can

pr ef er ablwocontairwiat | east about 50 vol % for exanpl e &CTIESasw/oadsout 75
vol % hydrogen. - 15 - [0058]Liquid hourly space velocity in

hydr ocracki ng, in vol unes/vol une/ hour (yqﬁgjﬂ' or H-1), will typically
range fromO0.1 to 10, preferably from1l to 5. [0059] Wile these

hydr ocracki ng conditions are nentioned in separate enbodi nents, it is

cont enpl at ed ;dbt%%ﬂosucﬁt G R&8G iﬂﬁtﬁ%%‘izg{;&?%g a %{t%gjh? lyto any

conbi nation o or nore, Oor even a aracteristics/conditions
of the reacti addicdalsicdughedifidy atidic ¢40416&]cAnye ygk Iafont @abodimais) t abl e f or
hydr ocracki ng can be used to carry out the process. Exanples of such
reactors can HECIYGERSIAARAL catalysispn havg deiphy valpe pERotergrter thang.at i ng bed,

nmovi ng bed, fk kghéﬁ%lgﬁgﬁﬁﬁgqhalgﬂfy reactors. [0061] One or nore fractions
r e

can be renoved or cove romthe hydrocracked product as the fuel
conposition according.to this.invention. |n one enbodi nen t he feedstock

can be hydrocf¥ekled t SYSFOARCEs Fd RS GREHHPHAABHCAGEIONS PHECH YR8 por t at i on
fuel can al sopRfubiBch QQREfud BranRL. AR rOBfe(l EABbUIIALRA. Component

e.g., select eg fro group consi sting of gasoline, )sene, jet fuel,
di esel , and chpdionatkiapsah becaoikd out at an average reaction temperature from
300°F (149°C) to 900°F (482°C), preferably from 550°F (289°C) to 800°F

(427°C).

[0055] Additionally or alternately, hydrocracking can also be carried
out at an average reaction pressure from 400 psia (27 atm or 2.8 MPaa) to
3000 psia (200 atm or 21 MPaa), preferably from 500 psia (34 atm or 3.5
MPaa) to 2000 psia (140 atm or 14 MPaa).

[0056] Additionally or alternately, the hydrogen containing treat gas
rate in hydrocracking can range from 300 scf/bbl (53 Nm*/m’*) to 5000
scf/bbl (890 Nm®/m? ), for example from 2000 sct/bbl (360 Nm’/m’ ) to 4000
scf/bbl (710 Nm*/m?).

[0057] Treat gas, as referred to in this specification, can be either pure
hydrogen or a hydrogen-containing gas, which contains hydrogen in an
amount at least sufficient for the intended reaction purpose(s), optionally in
addition to one or more other gases (e.g., nitrogen, light hydrocarbons such
as methane, and the like, and combinations thereof) that generally do not
adversely interfere with or affect either the reactions or the products.
Impurities, such as H,S and NHj, are typically 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%, for example at least about 75 vol%, hydrogen.



[0062] I n one enbodi ment, the process can be carried out to produce or
recover a kerosene type or a gasoline type jet fuel. In one enbodinent, the
process cwi02ba/290ni ed out to produce or recover a kerosemastypm4jeer f uel
havi ng an ASTM D86 90% di stillation point within the range from 250C to
290C, preferably from 260C to 280C. Alternately, 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 200C to 240C, preferably from 210C

to 230C. [006 Ogglr anoth id%wﬁfg%%@%%otcpgé‘f)ﬁﬁ&gééCEQ%i e carried out to

produce or recov a kerosene je avi ng STM D86 10%

di stillation polunteswotumdihdure VrdfigeorfHiO N BQGpicallR BOCe floned drraby from -
16 - 160C to 180Q0C. Alternately, the process can be carried out to produce
or recover a QEdIRPINdTAYAdoPdet fuel having an ASTM D86 10% distill ation
point within the range from 110C to 140C, preferably from 120C to 130C

[ 0064] | n anot 889 mbodWhitnthesd Inglrperadess caalitiis atantcngonalin stparpeoduce or
recover diesel fuel, e.g., havin n_ ASTM 90% di stillation point within
the range froﬁmge@@%% 35%)@911%@@#%@%&13%@19 Ei%ﬁ?rfg@eﬁmg regrhens )k nat el y, the
process can bg;salihd § 9 QO G orHhoreE ] fuel having an ASTM
D86 10% di st ?Ttgi@(ir oér)1 o?érﬁlblvmgttlﬁn the r a%Sé&]?ér‘%magO C !Eo 240C, preferably

from 210C to 2RG&tefi@R6obAdidohd afithé keactonsadis@osedthetem. t he present invention
i ncludes the foll ow ng enbodi nents.

[0060] Any type of reactor suitable for hydrocracking can be used to
carry out the process. Examples of such reactors can include, but are not
limited to, trickle bed, ebullating bed, moving bed, fluidized bed, and slurry

reactors.

[0061] One or more fractions can be removed or recovered from the
hydrocracked product as the fuel composition according to this invention.

In one embodiment, the feedstock can be hydrocracked to produce the
transportation fuel. The transportation fuel can also be fractionated into at
least one fractionated component, e.g., selected from the group consisting of

gasoline, kerosene, jet fuel, diesel, and combinations thereof.

[0062] 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 from 260°C to 280°C. Alternately, 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 from 210°C to 230°C.

[0063] In another 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 from



[ 0066] Enbodi nent 1. A nethod of producing transportation fuel, conprising:
providing a feedstock containing lipid material and mneral oil, wherein
the |ipi cwoabarisadoli s sel ected fromthe group consi sti ngCofustetioghsseer i des,
fatty acid al kyl esters, and conbi nations thereof; and hydrocracking the
feedstock to produce the transportation fyel. [0067] Enbodi ment 2. The

nmet hod of enbodi ment 1, wherein the mneral oil is conprised of straight
run gas oils, vacuumgas oils, denetallized oils, coker distillates, cat

cracker disti h{s@i&eﬁ)’ lébeéyﬁl%ﬁpﬂélpgllig tplg(}cl%%eéanbc%i dalAG (;Lﬁlgcg?roo(iiliuéé blLl ate

fraction, jet boi'l r'ng range ate fraction, sene boiling
range distil | adcevéragdsbbng typogdt flidldiai thg,anoX SEMOD il Ordtdisiilatibe pooit

[ 0068] Enbodi nent 3. The method of embodiment 1 or enbodinment 2, wherein the
f eedst ock hasVahin theepege BIN IR pol 4t Coprefgraplydam 189€ 10l 3 qal boi I'i ng

poi nt of not greater than 500C, or both. [0069] Enbodi nent 4. The nethod of
any of the pré@iedus erbadothemdmshodidnentethe froees§ eadist cekicd oaitudes at | east
0.05 wt% Ilipid material, based on total weight of the feedstock. - 17 -

[ 0070] Enbodi mBFAUSS OFFREOYRE (S8l Léﬁyﬁb‘f’mtgr?él HP eV 186@9%%6%1%@@?3, wher ei n

t he feedstock,; -@ggm ﬁ]’stﬂgg? r 8kod s O WL LF LIS ') 8%doC fy@sed on total
wei ght of t hepgf)lee st ock. %Q%%ngocﬁ]nent g%tﬁe rrgt g(ltl o¢ any of the
previ ous 340°C. Alternately, the process can be carried out to produce or recover

diesel fuel having an ASTM D86 10% distillation point within the range

from 200°C to 240°C, preferably from 210°C to 230°C.

[0065] Additionally or alternately, the present invention includes the

following embodiments.

[0066] Embodiment 1. A method of producing transportation fuel,
comprising: providing a feedstock containing lipid material and mineral
oil, wherein the lipid material is selected from the group consisting of
triglycerides, fatty acid alkyl esters, and combinations thereof; and

hydrocracking the feedstock to produce the transportation fuel.

[0067] Embodiment 2. The method of embodiment 1, wherein the
mineral oil is comprised of straight run gas oils, vacuum gas oils,
demetallized oils, coker distillates, cat cracker distillates, heavy naphthas,
diesel boiling range distillate fraction, jet fuel boiling range distillate
fraction, kerosene boiling range distillate fraction, coal liquids, or a

combination thereof.

[0068] Embodiment 3. The method of embodiment 1 or embodiment
2, wherein the feedstock has an initial boiling point of at least 100°C, a final

boiling point of not greater than 500°C, or both.

[0069] Embodiment 4. The method of any of the previous
embodiments, wherein the feedstock includes at least 0.05 wt% lipid

material, based on total weight of the feedstock.



enbodi ments, wherein the lipid material portion of the feedstock includes
triglyceride and a majority of the triglyceride present in the lipid

mat eri al we 20omsrdosed of C8 to C22 fatty acid constituelrCIush@asmdeon t ot al
triglyceride present in the lipid material. [0072] Enbodi ment 7. The net hod
of any of the previous enbodi nents, V\/ner_ce)li7n_ the lipid material portion of
the feedstock is conprised of at least 20 % fatty acid al kyl ester, based
on total weight of the lipid material in the feedstock. [0073] Enbodi ment 8.
The nethod of @my of ¢ dﬁ"irﬁ&t%“%lféﬁ%bﬁ%%@ oLl indshe transportation
fuel is recovered as at [east one fractionated conponent selected fromthe
group consi st emyodincpss olhcreen thedt @ enk ingladesinoe reaan thati set%

[ 0074] Enbodi nrent 9. The net hod of any of the previous enbodi nents, further
conpri si ng t h81a¢ralPibpasedRn togyh Jecigty of He feedttisort ation fuel into at |east
one fractionated fuel conponent selected fromthe group consisting of

gasol i ne, ker g@ene, | dmbadéhentandlled @sthbd biehy of B0 pbdvitwe pri nci pl es and

nodes of operation of this invention have been descri bed above with
reference to 9@PP%‘H‘§“§X§’%TG§?SPGQ%(?H}3@*@$P%@08&%% {‘F%‘%[I%Ck ipglugdéer st ood by

those of skil L. aht é-gﬁgpdgqﬁ Y | t if%h HedeAy it he cl ai ns,
enconpasses ot %fg‘c%{&é e?rg(]il]e 0 irr%{r{tgs%r%oltag péegg?fllﬁca lhenu%eré% ed herein.
- 18 - comprised of Cg to C,, fatty acid constituents, based on total triglyceride

present in the lipid material.

[0072] Embodiment 7. The method of any of the previous
embodiments, wherein the lipid material portion of the feedstock is
comprised of at least 20 wt% fatty acid alkyl ester, based on total weight of
the lipid material in the feedstock.

[0073] Embodiment 8. The method of any of the previous
embodiments, wherein the transportation fuel is recovered as at least one
fractionated component selected from the group consisting of gasoline,

kerosene, jet fuel, and diesel.

[0074] Embodiment 9. The method of any of the previous
embodiments, further comprising the step of fractionating the transportation
fuel into at least one fractionated fuel component selected from the group

consisting of gasoline, kerosene, jet fuel, and diesel fuel.

[0075] The principles and modes of operation of this invention have
been described above with reference to various exemplary and preferred
embodiments. As understood by those of skill in the art, the overall
invention, as defined by the claims, encompasses other preferred

embodiments not specifically enumerated herein.



CLAI M5 1. A nethod of producing transportation fuel, conprising:
providing a feedstock containing lipid material and mneral oil, wherein
the |ipi cwoabarisadoli s sel ected fromthe group consi sti ngCofustetioghsseer i des,
fatty acid al kyl esters, and conbi nations thereof; and hydrocracking the
feedstock to produce the transportation fuel. 2. The net hod of
claim1, wherein the nmineral oil is conprised of straight run gas oils,
vacuum gas oils, denetallized oils, coker distillates, cat cracker
distillates, peayyidaphthas, diesel boiling range distillate fraction, jet
fuel boiling range distillate fraction, kerosene boi I'i ng range distillate
fraction, coal |iquids, r a coq?rnatron t her eof . The net hod of

claim1 or claim 2, V\Her inethegko Q‘é(il%%ﬁa?ﬁﬁ’gﬂ%or} et |c§rnp51§1ing, ng poi nt of
at | east 100C, cﬁzﬁmgﬁlf?éﬁ@rho'ck 'Egntaﬂﬁr%hﬁp nbrifl s &h‘ﬁfleﬂahﬁ@ \?Qqus RS both.

4. The net hod revio er ernt tock incl udes
at | east 0. O05lipiddmbtepalds selteed &lom tﬂzagemirmn‘sxsﬁag ofveiglyderidés, tdtey f eedst ock.

5. The met hod of of the previous clai ei n the feedstock includes
not greater tRAEH a@@ﬂmt%snrrrsier%rblartron%%ee&p wﬁ?&ra@a%@p@ e of the

f eedst ock. feedstock t e f the previous clains, wherein
the lipid mat eerer %IOC r|Oon t?@t he fee stocﬁ includes triglyceri de and a

maj ority of thetrrgl cer.i de . e lipid materjal is CO ri sed of
C8 to C22 fatty acid Zons?§ elRior Baegdwgﬁr% [mipEEa Spwserqnarémﬁ esent in

the I'ipid matgridliont run as oils, VZcuuﬂhg?erﬁﬁh&?n glh‘%@d 2, cbh& R&pmkQus cl ai s,

wherein the |ipi ter portion stoc I’s conprised of at
| east 20 wt % ‘catcrgckar:didnﬁatkyIhee\sycmpht}taa,srhetsed)bomngadmgmei@ﬂlata)f the lipid
material in the feedsto Qod of any of the

lﬁo he
previous cl ai Cl%éerté}l% Hé“gtrra%%%‘é‘iﬂtlaé? ifréﬁtl‘?fh%‘FTOisgn RRUUNEFEEe as” at | east
one fracti ona Equﬁ@qp‘g gﬁltcog @Lﬁ&@@rﬁ 81@?0{1{&%0%}%&?0”5' sting of gasoline,

ker osene, |et di ese The net hod of any of the

previ ous cl ai ns, furt er._co of fractionat t. he

transportation fuel t ol Bt 0 ngféﬁéto?gﬁenf 6?43%%@%&?6 %8‘%1?;5‘%’3@??@ sel ect ed

from the group, ﬁﬁﬂﬁ'b%ﬁlﬁﬂggp&ﬁt&%%@éa%ﬂ"ﬁ)oo@?é ﬁﬁ@l%ﬂiﬁﬁﬁoiflﬂ@ﬂnot%%t&' esel fuel.
than 500°C, or both.

4. The method of any of the previous claims, wherein the
feedstock includes at least 0.05 wt% lipid material, based on total weight of

the feedstock.

5. The method of any of the previous claims, wherein the
feedstock includes not greater than 99 wt% mineral oil, based on total

weight of the feedstock.

6. The method of any of the previous claims, wherein the lipid
material portion of the feedstock includes triglyceride and a majority of the
triglyceride present in the lipid material is comprised of Cg to C,, fatty acid

constituents, based on total triglyceride present in the lipid material.

7. The method of any of the previous claims, wherein the lipid
material portion of the feedstock is comprised of at least 20 wt% fatty acid

alkyl ester, based on total weight of the lipid material in the feedstock.
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8. The method of any of the previous claims, wherein the
transportation fuel is recovered as at least one fractionated component
selected from the group consisting of gasoline, kerosene, jet fuel, and

diesel.

9. The method of any of the previous claims, further
comprising the step of fractionating the transportation fuel into at least one
fractionated fuel component selected from the group consisting of gasoline,

kerosene, jet fuel, and diesel fuel.



