PRODUCTI ON OF AVI ATI ON FUEL FROM RENEWABLE FEEDSTOCKS STATEMENT REGARDI NG
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [0001] This invention was nade
under the support of the United States Governnent, 5 United States Arny
Research O fice, with financial support from DARPA, Agreenent Nunber VI

| NF- 07- C-0049. The United States Governnent has certain rights in the

i nventi on. BACKGROUND OF THE | NVENTI ON [ 0002] This invention relates to a
process for produci ng hydrocarbons useful as fuel, such 10as aviation fuel,
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process invol ves hydrogenation, decarboxyl ation, dccarbonyl ation, and/or

hydr odcoxygenat i on, i i i sel i ocracki ng
occurring in a si ngl@ﬁ%@é?&%@%%@é‘%ﬁgﬁ@g%§§§%%tage may include
mul tiple reactor beds or nul Q& PEXELQ NI' The 15sel ective

hydr ocracki ng reaction optinmally provides one hydrocracki ng event per

mol ecul e.[0001]i nt'Bgs aiveatidrek Bradegndérale Gppart 61 Manited Sfatds tveinaRniiay be
optional l.y .enpl oyed to generate at | east a portion of the hydrogen that is
cheni tal IYMEEr&tetrmnResgarelh Pffices vvith dinarcind ompay frome Dddifeh daresmentiel s such
as avi atiNafinfer o 1lIRGLEACRRIMOMANILE SIAS Gorkul ARRISHAG doikeA R 11
sources other than petroleumcrude oil for producing the fuel. e such
20sour ce inentipmt has been terned renewabl e feedstocks. These renewabl e
feedst ocks include, but are not limted to, plant oils such as corn,

j atropha, canelina, rapese gal oils, animal fats
such as tallow, fish oil Selg.%%K%?ﬁ%lﬁlg (ﬁﬁgﬁg?@ygggqgksuch as yel l ow and
brown greases and sewage sl udge. The common feature of these feedstocks is
t hat they002¢ cdriposwentivh ralroto dprocan thriprdduging Gediotebonsfuseal fsatiélysuani ds

FAA) . Anot her class of co unds appropriate for_ these processes fatty
<(aci d}'%l kyP a\é@‘f‘é‘rgggl( é%)?{le‘%f@rfg%@‘%‘gi Wﬁ arira ehypgrdey Pnd eetity poilElousd fatty
aci d et hyh nRetgk st AERlant S1E$8h bXPESinaf fa?s?%ﬂpéjrg%és.@ﬁg?dc@ssqw&%“ ¢ carbon

i
chains generally having from8 to 24 carbon a . al 1 phatic carbon
chai ns i Aydmeengtigw de¢afecxylappmglecasborfluties, andfor bpdreddonygmedoror nono-, di - or

ly- . t qf I id in the renewabl e feed ocks will
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can be processed along with the triglycerides. .
15 selective hydrocracKing reaction optimally provides one hydrocracking event per molecule.

An integrated reforming step or a steam reforming step may be optionally employed to
generate at least a portion of the hydrogen that is chemically consumed in reaction stage.
[0003] As the demand for fuels such as aviation fuel increases worldwide there is
increasing interest in sources other than petroleum crude oil for producing the fuel. One such

20 source is what has been termed renewable feedstocks. These renewable feedstocks include,
but are not limited to, plant oils such as corn, jatropha, camelina, rapeseed, canola, soybean
and algal oils, animal fats such as tallow, fish oils and various waste streams such as yellow
and brown greases and sewage sludge. The common feature of these feedstocks is that they
are composed of mono- di- and tri-glycerides, free fatty acids (FAA). Another class of

25 compounds appropriate for these processes fatty acid alkyl esters (FAAE), such as fatty acid
methyl ester (FAME) or fatty acid ethyl ester (FAEE). These types of compounds contain
aliphatic carbon chains generally having from 8 to 24 carbon atoms. The aliphatic carbon
chains in the glycerides, FFAs, or FAAEs can be saturated or mono-, di- or poly-unsaturated.

Most of the glycerides in the renewable feed stocks will be triglycerides, but some of the
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[ 0004] There are reports disclosing the production of hydrocarbons from
oils. For exanple, US 4.300,009 discloses the use of crystalline

alum nosilicate zeolites to convert 5plant oils such as corn oil to

hydr ocar bons such as gasoline and chem cals such as para- xylene. US

4,992, 605 di scl oses the production of hydrocarbon products in the diesel
boi i ng range by hydroprocessing vegetable oils such as canola or sunfl ower
oil. Finally, US 2004/0230085 Al discloses a process for treating a

hydr ocar bgn _cqnponent of  biol pgical aqrigin hydr odeoxygenation fol | owed
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point, to be met. Successfully conducting the requi redgreactl ons In a
si ngl e r dsERGrige anbipdectygly hrdratrack mregewahlefeedstgsks ial ordgdo sgnsrase a ng cost
structur j 1 . team r.ef or.m tep nmay be
el uded ¥a00R bR A b bR Sl T S A BB
deoxygenarovided hervin. tThe hg&bydbacpadkdt iguse@bed iniviatioh fugd BEaeQdinTeeAt , a
portion fl t.he effl uent oflly%e reaction zone is recycled to the reaction

zone. Th “\?81”61‘?8‘“?8’39“_6 Shpp 9’&%%“%%Fléfcr§?wlq fgeqstick dn bEKdPERges from
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tenperature rise, increase the 'hydrogen solubility and nore ‘uni or y
di st ri buthavipg ehdirelpngds simdkac td, onslightly beortee thot tbofaty atidreempdstion ofabell t of t he

recycl e, di ments.na e | ess.processi.ng 30 i poent, | ess excess
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of the akaben clam RAGhGTa EERDANBIE not MEEHKIMB sPRIiAGOEBUBPA SGhtiY fuel.
integrating the process into an existing hgdr ogen generating facility such

as a ref i'R@psjectige RigapsragymemapetionpederesCRe Fobosshpilepgth demexinygzd ¢ pr oduci ng

a hygy 0caBeniP Piston ha Tifke HERSNRRY R BRASL A Kower molecular weight products.
Isomerization allows for aviation fuel specifications, such as freeze point, to be met.
Successfully conducting the required reactions in a single reaction zone can result in a lower
capital and operating cost structure. An optional reforming step or steam reforming step may
be included to generate the hydrogen needed in the hydrogenation, deoxygenation, and the

25 hydrocracking reactions. In one embodiment, a portion of the effluent of the reaction zone is

recycled to the reaction zone. The volume ratio of recycle hydrocarbon to feedstock ranges
from 0.1:1to 8:1 and provides a mechanism to limit the reaction zone temperature rise,
increase the hydrogen solubility and more uniformly distribute the heat of reaction in the
reaction mixture. As a result of the recycle, some embodiments may use less processing

30 equipment, less excess hydrogen, a lower operating pressure, less utilities, or any combination



St he hydrocarbon product conprising hydrocarbons having boiling points in
the aviation fuel range. The process conprises hydrogenating, deoxygenating
(i ncludi ng decarboxyl ati on, decarbonyl ati on, and hydrodeoxygenati on),

i sonerizing, and selectively hydrocracking the renewabl e feedstock in a
reaction zone in the presence of hydrogen and at reaction conditions, by
contacting the renewabl e feedstock with a nultifunctional catalyst or a set
of catal ysts 10havi ng hydrogenati on, deoxygenation, isomerization, and

sel ective h»ﬂmeammhha@tﬁeuaﬁsdm&t th9dr9ééﬁ\fhé§'%e BuppBactyl iRBerfids Itwscegprrpr i sing
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hydrogen are separated fromthe reaction effluent to generate a |iquid
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DESCRI PTI ON, COF W 008 The Figure is a general flow schene
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t he hydrsocaplpemeriiety ﬁ&&oea%ﬂﬁbﬁﬁ@c&&ﬁ@lﬂg'ﬁﬂlwl s Hddﬁlg'bul\ﬁw&m il §009] As

stated, the present invention relates to a process for producing a
hydr ocar bon® 3o dtfttanest %%WWW‘W@“HWH?T&%W Wdtahbo%lm M poi nts in the

avi ation f u@mprisigohfoRtitd IRRA Qilhﬁ f)(ﬁﬁﬁlﬁitg%lﬁfan(ﬁ{e'agiafl&{ fuaq)oﬁ{ng%lm ants or
ani mal s other than petrol eum eds ocks. Therefore the hydrocarbon product

i s usef ul a’s“n@nT‘%F\hyé’foF@hOf’fﬁﬁ%unb%‘feﬁﬁ“d‘éqoéi%f%n fuel bl endi ng conponent. The
ter m r enewafpb@yr)f eel?l%k@&#bddﬁneﬂ?@%rn%ﬁ’oﬂtH&ﬂwdﬂﬁﬁn g%ﬁéiﬁwﬁli& 0416 2dnP@n t hose

obtained directly from petrol eum crude ol l her term that has been used
t o descii beregysled to the reaction zone with a volume ratio of recycle to feedstock in the range of 0.1:1

to 8:1 in order to increase the solubility of hydrogen in deoxygenation reaction mixture and
to minimize the severity of the hydrocracking per pass. In another embodiment the volume
ratio of recycle to feedstock in the range of 2:1 to 8:1. The recycled portion of the paraffins
generated in the reaction zone may include all or a portion of the hydrocarbons having boiling

25 points higher than aviation fuel. An optional reforming or steam reforming step may be
included in order to produce hydrogen needed in the hydrogenation, deoxygenation,

hydroisomerization, and selective hydrocracking reactions.

BRIEF DESCRIPTION OF THE DRAWING



10cl ass of feedstocks is renewable fats and oils. The renewabl e feedstocks
that can be used in the present invention include any of those which
conprise glycerides and free fatty acids (FFA). Exanpl es of these

f eedst ocks include, but are not Iimted to, canola oil, corn oil, soy oils,
rapeseed oil, soybean oil, colza oil, tall oil, sunflower oil, henpseed
oil, olive oil, linseed oil, coconut oil, castor oil, peanut oil, palmoil,
mustard oil, cottonseed oil, tallow, yellow 15and brown greases, |ard,

train oil ts | i1k, fish oiJ, algal oil, wage sl udge, . cuphea oil,
canel i na @Iﬂf)ﬁ j allr B%E]‘rff’é{‘edF F‘,ge'be&ﬁdé’g Séil“ﬁ?e %‘3@3@%& ‘ﬁ‘,’e"ﬂﬁi‘ Fﬁcﬁléll‘ €0 |,
eranbe oi bptioafldtdahifrefdritthg BhOhRNBVARIEcAondBLRer termused to describe

t hese feedstocks. The gl yceri des, As, and fatty acid al kyl esters, of the

typi cal vegetable oil or aninal fat contain aliphatic hﬁgr ocarbon chains in
their structure which REIABEPPESCRIBTHIN Oft bl NVENTIONsj ority of the oils

10cont ai ni ng high concentrations of fatty acids with 16 and 18 carbon

atoms. M pgbogies AL sGRa, %@%{%%erf?{i)mfeﬁﬁ‘&‘é@me‘é tissﬁ)%&sggﬁégmggﬁdﬂogg@g{,ock

derived hydrocarbons may al so be used as the feed
conpofient Bogust stheamaljaving hydwdarbespeith biliyg painta icthe eipdorcfepangnfromn

conbi nati gn with the above |isted feedstocks, include spent tor oil and
ndust 11 eI TesdhfacR lan st pRSGEL BT ol R GeFfoRn RS

gasi fi catTiefefofe tsORldrodaitdNBsSiuctid asefilak dh alial@Stubldrlaf Wediiblyfudl sleisd r eam

| i quefaction step such as Fischer-Tropsch technol ogy; |iquids derived from

depol ymerio2ROneH, Theremmisnewble fraditeckis mepntimickidp fegdstpes odge thanghose
PO YPT OPYdifiif difcblly AGAMehYIcRAIHEI ! KRG 1avhJ808 doky ROJYGHIMgne: and
I'1's ge t 0 an

ot her synthetic o erated as byproducts Trom petrochem ca
chemigal ghse obfesdssockbisxtuavedledhtstahé odd dlie rdhewaldt GeSodk@yhaakbaobdbaediged as

co-feed c onents. (One adyanta of usjng a.30co-feed cqonpgnent is the
transfor rfgg&(???nbf“vﬁﬂéﬁn I} B‘Y%@ﬁg%ﬁ%wg’ébégmt’%se C&“&%ﬁs“f‘é fist GUYEEIds f r om a
fossil fuyskARas@pRE oPhBRY feRIsRERSRchulE, Bufark bUARA&! BOchSRdiICIROR&RY to the
current process. '0010] The hydrocarbon product stream generated in the

present ioibyaapesend ¢ik seybeamoil. gokzapil, toll odssuafloverdl, hempssepohetive dibrlinsersles

sent  akanpison ois se ! ok hgnps .
a1 vedE ol E bt R BER MubRLEP BrihRiadtat 4R RO cer 1o

neet 15 equind bebvapgredstd, ¢al s ofl, fhits ¢ milRr fBAloils MEMlidill Sevadekindgd, Bughas bilcul ar,

t he hydrocar bon ,ﬁr,oduct stream generated herein conplies with, is a

bl endi ng Cé’@ﬁ@?ﬂ-fé jatyogha oib cureas, oih bapassinpih dalpkernel ile cromberail cand gt likeves t o
meet at IBashevbf RhnothS VLA, pas fieadd 0 é% 1N pFUL bj ne Fuel's
Def ense Stan 691-- 911 r‘i’%ﬁ%i ne ﬁjﬁg??sd%vi attﬁ%%?%gg%g%hgh %%?lldg‘séﬁ %El%!n TO code
F- 35, F- 3aty deid 4liod 2sténsi aftthotypleaketegablk iofl yr Reiqal faeomndis afighatid bidibéaybddper at ed

Syst ens ai nt t%ieg:kl | St onbi nati on of ASTM.and Def. Stan requirenents
cosT To2 3 g : %’r‘“@b‘é‘éﬁ‘@é &f‘Y%hé" (Chgadrapogsydti hRaeny kil 22 Aviation
Tur bpne bo@hinind/ideh SatenhnBEnsFIRE R WNY 6ERB-18 c2doMioals! Mikalids B g Fuel ,
Kerosene Type M L-DTL-83133, JP-8, M L-DTL- 5624, JP-4, JP-5 QAV-1 (Brazil)
Especi f c&edd otrencymblofedneocke amlfoasiblveiNsrival lydrocathens 16y @i hesse) aadeor di ng
to GB653f B ottt Reefitb AN ESpomBi P WhER G e WSO ks pbdRPIBE N RES

component in combination with the above listed feedstocks, include spent motor oil and

industrial lubricants, used paraffin waxes, liquids derived from gasification of coal, biomass,

25 or natural gas followed by a downstream liquefaction step such as Fischer-Tropsch

technology; liquids derived from depolymerization, thermal or chemical, of waste plastics

such as polypropylene, high density polyethylene, and low density polyethylene; and other

synthetic oils generated as byproducts from petrochemical and chemical processes. Mixtures

of the above feedstocks may also be used as co-feed components. One advantage of using a

30 co-feed component is the transformation of what has been considered to be a waste product
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D Avi ation, Type Kerosene Avi ation Turbine Fuels of other countries,
neeting the general grade requirenents for Jet A Jet A-1l, Jet B. and TS-1
fuel s as described in the | ATA Guidance Material for Aviation Turbine Fuel
Specifications. The aviation fuel is generally ternmed "jet fuel" herein and
the term"jet fuel” is meant to enconpass aviation fuel neeting the
20specifications above as well as to enconpass aviation fuel used as a

bl endi ng conponent of an aviation fuel neeting the specificati olns above.
Addi tives t.0 the et fuel rder meet art cul ar

speci fi ca??’Br‘?sfb Sstl)%‘éeqﬁﬁﬁﬁ i°% 8t hﬁ‘r IPgRRIg 2y gpa f‘iegc‘\irpp%‘e b‘@f‘#’%“éﬂreﬁﬁl
Mlitary spegtfication ML-DTL-83133, which is a mlitary grade type of

hi ghly refined kerosene based jet propellant specified by the United States
Gover nneni®010ihe Thehydsrcathan etpdagisiemm gingradiinl s porsert Auveaorde stabledar, her ei n

is very sj r affinic kerosen 0 K so known as a synthetic
par af fi ni c ﬂée?lgls C""‘?@%Rﬁ O(r)’rusessysr‘% aviag?ngu e epﬁ"@ﬁ‘fi}f’%ﬁ%\%@fcémfneedst ocks
t hat san weiouseiditives inbebddonshamid WIﬂMB@fueD(Ebnﬂ%}ﬁtl@lOQérﬁta&dan videt ©tnyeedf

impurities. For exanple, tall oil is a by product of the wood processing
i ndust ry '&fired specifications fon different spseificdueler I parisulap sherhydracerbon proderdseeash t o

EpS | RoSidierdich oA BENE! ., 531 WO GpiBRGh H3 or S ol BORNAB ik 8R0S ocks

may al so contain contam nant § suc netal's,” e.g. sodiumand
pot assi unposhddpimortomsetaslcar ohe afs ASTM Dgﬁsﬂ\ap@rﬁcamh fdeAemg@ﬂfnsrbmAlFuélpt i onal

fi h of t t agi jpble.  One
possi bl o BT SURTBneT LTeRe b0 BLoL P2t TAer T e T BSRBE 1o etok wi th
an i Q- exyyhengfon el Qudlify Red&ir@héﬁ@?o?mﬁtlyzgﬁ&at@& SRy @hEREKIGONWI tions.

The ion-exchange resin is an acidic ion exchange resin such as
Anber | ysisombintigmef AaFMpad Debdtar eequirdseants GOST 1627 tJer Flt€h$m9§ﬁ¢atwms ch the

et ockod LU ALRYS 19b RN MTE Ol Y | T que

i nvol ves ‘contacti ng the renewal such as
bent oni t eCANAGSH-B.23 Apiatibn FaibierHue He@serle 0§ MANANITES3 130515 |1\@IL£E’BD$ for

renovi ng cont am ts.is a mld acid wash. This is carried out
cont act |g 8‘? ng‘?f glgg&%\% (Rragy %ﬁﬁe‘d@ﬁ‘&oéﬁ&\’e%m@@FﬁYﬁW@ Naj 3 fet Euel phosphori c,

or hygr Othfﬂéée aRDMINab e 6Ty ﬁC’SE@CItBQA -(Fr EE&) GG RIS PuBOLLGHRE and

feedst ock can be 10contacted either in a or continuous process.
Cont act i AgAvistieto Mgpakernseae diviative Taibing Fuels of other countries, meeting the general

grade requirements for Jet A, Jet A-1, Jet B, and TS-1 fuels as described in the IATA Guidance
Material for Aviation Turbine Fuel Specifications. The aviation fuel is generally termed “jet
fuel” herein and the term “jet fuel” is meant to encompass aviation fuel meeting the

20 specifications above as well as to encompass aviation fuel used as a blending component of
an aviation fuel meeting the specifications above. Additives may be added to the jet fuel in
order to meet particular specifications. One particular type of jet fuel is JP-8, defined by
Military Specification MIL-DTL-83133, which is a military grade type of highly refined
kerosene based jet propellant specified by the United States Government. The fuel produced

25 from glycerides or FAA as described herein is very similar to isoparaffinic kerosene or iPK,
also known as a synthetic paraffinic kerosene (SPK) or synthetic jet fuel.
[0011] Renewable feedstocks that can be used in the present invention may contain a
variety of impurities. For example, tall oil is a by product of the wood processing industry and
tall oil contains esters and rosin acids in addition to FFAs. Rosin acids are cyclic carboxylic

30 acids. The renewable feedstocks may also contain contaminants such as alkali metals, e.g.

sodium and potassium, phosphorous as well as solids, water and detergents. An optional first
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solution usually at anbient tenperature and atnospheric pressure. If the
contacting is done in a continuous manner, it is usually done in a counter
current manner. Yet another possible nmeans of renoving nmetal contam nants
fromthe feedstock is through the use of guard beds which are well known in
the art. These can include alum na guard beds either with or w thout
15denetal | ati on catal ysts such as nickel or cobalt. Various forns of

alum nas are suitable. Filtration and sol vent extraction techniques are

ot her chojces, which may he enpl oyed. . Hydr oprocessj ng such as that descri bed
Ch UsAN MG B e B g PRSP RisbHB AT PrSein i o MR R o) oy eq.
Hydr ol ysiifivdIes daftabtsRCthé EeneWEMIE Fleddtb kOl MIE BT ioHRK cliafg@reSiait @ Pich@ftinenl Xt ure of
free fatty acids and hydrothernolysis may be used to convert )

20t ri gl yoons dlayetrestrastf genhitiens. Ehacibasachangs tesin if uacaiiqiea cxédnagiissia spdedst ock
is flowed,t g | ' r. I Sik: re

cat al yst dqgégg@%rﬁktonég(%?&@rr&o%%qugég?ﬁe%\}ggggﬁggrﬁ%?%ﬁ ?\ﬁlggghfﬁ%?setgéléggti on zone
or stage,flowddtthphigh, leehia vpflowes dewsflovayAithee nehoiyedinvbluts doataptiggihe t
separation is perfornmed between the bedg or vessels. The term feedstock is
meant to Prrorablrder BE B e A o 2SPEHARIE (Re L LEFelrEptmERFoRe-

contam ngpdR2]as Wed her?p%s&ﬁl@%?eafa@ﬁ@?én%ﬁ?g Rbfabfih i B nf1dRIRE AR TROEs Zone or

t
an oil processing facility. In the reaction zone, the renewabl e feedstock
i s cont acagigd ounhby ¢rmtgsting thedecdstockh yith ogeeid swihtds salfunid, nitfics phospbewid, ocat al yst

or set of_ _catalvysts, conprising depx nation, hydro ation, isonerization
and” sel edvfvERRYE pELFARR A ibre TR Ruts il s CRaes Fop fkeat Bne oceur
concus r erohtvictad biftieR it HBattleaCdon@iict® PRrceskh€oidiBg ivdond Mlithe dikacddidns is not
critical to the invention and the reactions may occur in various orders.

One r eactSPBHOBEREHY PiAgnbipntipiapadbretand AtmasakericoreRjere o B pntastingds denainat e

ol ef i ni ¢ COMRAMYShanhd?, & ﬂ%sﬁﬁ@ﬁc}&l@g‘n m&&t&"r%mé%@%ﬁlﬁén ?&%ﬁotﬂ&-rgo‘éﬁﬁfe' on
occurring 1n the reaction zoné IS deoxygenati on. e deoxygenat 1on of the
f eedst oc knamay ofcooeing nidtal @agthmdiahfs droanthe fadstesk s vlabhugisthe escanflpoaslbatls on,

decar bonyl.at.i on, and/ or . hydr odeoxygenat.i on in. order to renove oxygen from
t he fged&%@k@m &@ﬁﬁ%ﬁy}%%n, e&%gﬂé‘r‘BﬂH& ﬁ?@%,gugﬁéegwg‘%@&%éﬁ%&qton are
Sher ¢4 N GekRhdorRlabalysRf BEK &hitiR1 8ScHRRXVARRATIrRR of ABMiHa® AR suitable.

[ 00151Dependi ng upon the feedstock, the product of the hydrogenation and

deoxy gendilitaiosandselvepiraxaietipngechaiquphire ofgtiehwices whieh mayi teamipdoyedr use as
di esel f [ . | endj, n ne i [ | . but further

i soneriza |d{)0 r%%%“%e&é@? ?{\%9%639 E%’g F%@Eﬁ&ﬁhr/?sggzﬁ%sls %r#)%llleg Blf)egrre AFPhi ¢

hydr ocar lahsiqueehich@ndyte cadeyclli E@lrdl9sis a9 be aiddes coveh $rigycedigeddoandi ng
10conponents for other fuels. The product from sone feedstocks may not
requi re SERERINAPEMRGYE OE ettt gcidpand hydppsharplyyis msw be psed te 6pvvspt | a

concentrat | af. LN ednfd om renewabl e feedstocks typically have
Ay s R

15 to 18 ca lonal paraffins may be foined to provide a
range of [(8in 8 The r@ddkvableferisath isslovadftd e smgle rt@eds taeks stapd toryriseng
different distribut Lyonk?s of gr%raffi‘ns, and %3 .renewabjge f eedst ocks may not
require “45OHPRICSAREEIES N HFPT Y 3HOR Krshh YHidHD & Singlsdgastip’ Zepedlisi r ed
par af fi ng@as hamigle BB or vBRER ndbe dhPRtd, ideho pidhi@ Begadatidn Yop@Bhes f uel
itself. Avration fuel, however, generally conprises paraffins having

boi | i ng pemgesthe bedn aryeselsr Thesoan fesdgodds wivario dncdirde dgedistacksshatihave wit t he

dieslfét n tt{1\i ‘e* rapge fuel to a fuel useful for
vt ot onP ety bR BN T s MRS ek ERERLSRT bR B3R
hydr ocr agdsieng apoil pesessngilaéilityl. kethy rdadticvasne, tROGhae#blé Redsievkad Eomsctaind
generate a large quantity of |ess valuable | ow nolecul ar weight

in the preSence of hydrogen, with a multifunctional catalyst or set of catalysts comprising

deoxygenation, hydrogenation, isomerization and selective hydrocracking functions.

[0014] A number of reactions occur concurrently within the reaction zone. The order of

30 the reactions is not critical to the invention and the reactions may occur in various orders,

One reaction occurring in the reaction zone is hydrogenation to saturate olefinic compounds
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nol ecul es. Therefore another reaction occurring in the reaction zone is the
sel ective hydrocracking of the paraffins generated fromthe renewabl e
feedstock. Selective hydrocracking is used in order to control the degree
of hydrocracking and maxi m ze the amount of product forned in the desired
carbon nunber range. The sel ective hydrocracking is 25controlled through
catal yst choice and reaction conditions. ldeally, each paraffin nolecule
woul d experience only a single hydrocracking event and ideally that single
hydr ocr acki event would result ip at.|least .one paraffinin the C8 to Cl16
car bon nuﬁﬁgg“?ﬁﬁﬂémx?ﬁ%qgﬁﬁﬁﬁ9?98pﬁ@ﬁF3éFQERF%ﬁ”ﬁ%?mﬁﬁwggﬁﬁ“through
several didokgseantion. FHE BSox yderdRPIfIRNRE G ockl B proReE tHrbCaAldi®ientdb&ed YPi cal Iy
not based upon carbon nunber ranges. 30Instead% the specifications for

di fferent SUFE pedecatborylatian, decarbopylations apd erchydepderygensttion dcendetblrempenges of
chem cal i i t.h . Far I avi.ation

Curbi no. fopar PSSl T: PSR aon HERulitRlsuh e AR e Bieg)

M L- DIL- 881d8 colldetively eeflareaind aoleoyagmhiiviereadt®nosene and i ght distillates,
is specifj gﬂby M L- DTL- 5624 ﬁnd JP-5 a kerosene type fuel with | ow

vol atil i tfyﬁ d hPgeendingdirop bie ﬁedﬁ@d&ﬁ%m@%épfﬁl@é%&?gwanomcl 5624, with the
witten idel i 1 Ladi ' : .

O St 11 2t BB e K SRS Do e 16
used as ablslingrmpesen fortbié¢sehiualgbati finftiear ésvimetiypien anfl séleaivs hydioeracking

distillations.ranges..are typically neasured.by ASTM Test thod D 86 or
opoe7 | THERERif BOMERERl B B e ARG B BuREL o A ek of & Wewdty b
speciibi cadoh@onéris i biher RLENDIRL pritflict Foteme TQAGEKsThay! R rdifufts §0¢ctivAvent i on
may neet fuel specifications, it is expected that sone blending of the

product ViYEFPcECckise. At Blygiraiiye ebioioaeaps arpepcastratienefipaeadfins forme t he
desired fael . specifi e fof Ay i fications

reaut red i Able B RRERH AT 815 bl RoaRORk sEGSRE RIS o oy
be a confomesltoptivide 4 wngsedrdnn 8ato ridxdattion avdnhsh Diffdrert feisooksemilishate form a

fuel nmeetj. at. . | east one of_.the ecifications_ for aviation fuel such as
JP- 8. Théhrgg'g?trdésdmb‘lﬂé’ﬂﬁe paraffigs, H’P‘SEH"S}B 1SAFWADYS iepdstoeks fay Pl iedditfel conponent

having a wﬁfo@iafcicing.cnﬁt et 29CaBbn hGasd: rsz%%/qsb‘Vde\ém:dl?%?affﬂl%mgﬂ%Lx'ﬁi)a‘}hxlx :

sel ective hydrocracki ng nust be acconpani ed by sufficient |sonerization to
prevent pgootiesebfugl, mbdsk ippoplaehle &l ity Aviation fughhownver sgenertally norbprésesli ng
conponent 1st, _hav etter cold flo rtigs.than, achievabl e. wi th
essenti alf§ atl haﬂl-n Z’P g’rnigipﬁlsmsah%fnslglzyag/f)PL@g&ﬁ%r3%§e(g(‘§?lf08r?v8%@ﬁf‘rplof:fﬁmiqfl t he
react i on tgodiesel fuel SAPE MoZBhVedthé Bickdd GMRE K rdd fueP@stul forPoOTatib®Mhdfardehe
n-paraffins to branched paraffins. Again, the yield of isonerization needed

i's 20dep&htianenatpearatfing s hudiopragkedi Bynical byliperadkingprodsees praakely w@verr oduct .
Some,f uel Y] ki ' greater
oo e SRR B U L AT RN, USSR 0Ll
br anchednpaecatdsi Tierefdietapothert reaction pcaimdmy inythly eactmnkede fsuled selegtivs ed

exclusively as a bl endin onponen tﬁgiso ization step may not be
necessar 5?7)'3{?6‘@?%?%‘9 ‘ﬁ% H@fg@‘}cﬁlég %%?fifm’f’ rﬁﬂﬁ‘”(nq%}sﬁlz‘?ﬁcisf‘lfgatl’d?&f’ &lyst or set of
cat al yst sy@oBREkiseis AEEReYae Apbdn@B1 thBYEERISMNAHRPcking ANB FlaZ @ik Ofe 2Nd
sel ective hydrocracking functions. The
amount of product formed in the desired carbon number range. The selective hydrocracking is
25 controlled through catalyst choice and reaction conditions. Ideally, each paraffin molecule
would experience only a single hydrocracking event and ideally that single hydrocracking
event would result in at least one paraffin in the C8 to C16 carbon number range. The
selective hydrocracking may proceed through several different routes.
[0016]  However, fuel specifications are typically not based upon carbon number ranges.

30 Instead, the specifications for different types of fuels are often expressed through acceptable

ranges of chemical and physical requirements of the fuel. For example, aviation turbine fuels,
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&oxygenati on and hydrogenation functions, which may be the sane or separate
active sites, may be noble netals such as a platinumgroup netals including
but not limted to ruthenium rhodium palladium platinum and m xtures
thereof at levels ranging fromO0.05 to 2.0 weight-%of the catal ytic
conposite. Sonme catalysts may contain up to 10 wt.-% pl ati num or

30pal | adi um on carbon. Exanples of other active sites that nay be enpl oyed
to provi de the deoxygcnation and hydrogenation functions are sul fided base

nmetal s su s sul fi.ded Ni r sulf..d 1 al is net al
Tt o ot ireB%nd ok G el op- Pl gt e i B80S, B Apieii, Tont o
ni ckel , npdsylagteRetoReaB dnd HEYShseNlatedV GRCIFRBY bPRITB-ITAL-86XSnd SPIBRORSMEndIET €1 N
include iron, lead, zinc, tin, gernmani um chromum titanium

coO er
cobal t, rHenfughivith igw Mwﬁtilgwa%p bigh ﬂﬂ?fbl?ﬁii%rﬁ algy apseiiel QIMILHRATIL-5624, and the

m xt ures ; he | ' : n | ective
hydr ocr acﬁ?ﬁgp%ﬁg? %Ig%s&gfgﬂlggsﬂécﬁgﬁ 8&1g%g{l?§%éd§© %ﬁ%égg{pﬁ[bﬁ g?rggce(?ﬁopr%gé te may
cont abn apaeml icceventd to adinablodiling pointis osedeapaby paraheterdefinitgidiffertit@ypes of

i Soneri za%ﬁi @nranﬂ ﬁfgl'eCti ve hydrocrackin rgacti ons. The zeolite
concent r atFBnTheAstHRHGR pRgsRe ey W@fﬁ@ pérddhieshMethnd 12 86 ar 3g87.
conposi t eTkiesrerRdbIeAdiHPONditBRn RS oBENE BUrdd: Fo &@B!tﬁ’é’ﬁﬁciﬁﬁﬂiohhseqlﬁ&er ating

conditions. In one enbodinent, the zeolite contains nmediumto'large size
por es t ovornnarg Wihilertherprodugtioh s pseset imeenBeiamayoRet ivellspeaficaBidhs, itlin ot her

enbodi nmen cking. function,i ngn-crystalline acid site found in
mat eri al séxz)ﬁ%%(l]%ggg%ngb%%obn og i q@g%qcﬁﬁtﬂg&er E‘ﬁx‘f{%f?{’é?onsﬁﬁw ??Eﬁ‘?q,u‘rﬁéj
portilon ab nideeths dppedisetdsudsglrifRxtiarsnaliutieshastc ebificat®ngtlg@ired R2Buch50
n2/ g, or ntjﬁarr*g[e mesopores, greater than 45 Angstrom average pore di aneter,
for maxi B OEEE BT the peduetpd this pryention; g Reer GOFPORIL suged i fe

catal yti . . . . tel. . . .

st ot ur & i T Tae ot Sompltetia kolcPp G hekifl pt AP Enorh e Bl P, o1

ot her wi sevptiou éurl sudhess VB18g€Ehgdesued prdduanid elaphle pafafforie distilac fueh@nigo@edct i ve
sites of tge cat alty{st. FLtJI’LhﬁI’ rmréSg,/ | arge pores will prevent diffusional
resi st and® F§* PHEIL GO Shatleaiy B RY XPIPMSs produced in this catal ytic
process o061 esERAlLY, YEIENRE h§drdEKENSL fnfsthheWBlonyRhidg b#r's&ﬁ_&ieﬁ’tr 108G 3 tion
Exanpl es of catalysts, or sets of catalysts, successful in 20catalyzing the
deoxygend® Pesentpper ¢ Aav ipsrperties ovdptionduielond avindorseleedieg eangopdnooruaicki ng

gende; ; # st
cont i o aiSeeRF 18R AL ARV el ST PR B 3G SUbpor

cont ai ni ngotiferzieadtionh @chotinglinwhé feaa@ivnrpheidssomdriz&@nab Wohidéize AeB/KAPFHiBn O @
set of cakg}l ysts fj,n(‘:l ude sul fided Ni M» supparted on anorphous silica

al uni na Shregrearthinsdotipded eyalbins g Hispdeld pf isemergatipn peeded 5[ 00191 The
cat abyst dbpiRhd@Poh Me sHEHAAERALLARIFHANDY; ' b bueRGeglifl 4 ar to
t hose al reg%lyg/ kng\(/)m feS? hydr ogengt'&gnagpgﬁgﬂ?g??ggﬁugﬁa%]#hg ‘erﬁg'sr&oggzlenati on
or hydr otewstciang oc feedeyint fakhthus ocedraegedts ywild fromythie sgemriztiohywttgenat i on
conditions to hydrogenate the.olefinic aor unsaturated portions of the fatty
aci d chaipﬁos‘fuci—ﬁl F%@g%f’f‘tﬁaﬁm&(’f Wasig 'rpé'ﬁﬁr“hgg 8’?‘3‘I“§F_i’f’ “fhﬁﬂéi'(}%‘ﬁéd‘&?é“eény of
those welid ussiexdlusively &1 BEddislompbedt] BK RomeFizaidh kicf @thy PoEbEhecadithy.

30nol ybdenum or ni ckel tungsten dispersed on a high surface area Support.
Ot her  hy 88k natAsorentivned shove fthevowltdwrctionad lcatdystomectof catlysts nabprsenet al

el enpnt s d&l@g&faﬁ&q h?/ﬁrogenation, isomerization and selective hydrocracking functions. The

deoxygenation and hydrogenation functions, which may be the same or separate active sites,

may be noble metals such as a platinum group metals including but not limited to ruthenium,

rhodium, palladium, platinum, and mixtures thereof at levels ranging from 0.05to 2.0

weight-% of the catalytic composite. Some catalysts may contain up to 10 wt.-% platinum or
30 palladium on carbon. Examples of other active sites that may be employed to provide the

deoxygenation and hydrogenation functions are sulfided base metals such as sulfided NiMo
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hi gh surface area support. Non-limting exanples of noble netals include Pt
and/ or Pd di spersed on gamma-al um na. [0020] The hydrogenati on and
hydrotreati ng catal yst functions enunerated above are al so capabl e of

catal yzi ng decar boxyl ati on, decarbonyl ati on, and/ or hydrodeoxygenati on of

t he 5feedstock to renove oxygen. Decarboxyl ation, decarbonyl ation, and

hydr odeoxygenati on are herein collectively referred to as deoxygenati on
reactions. The order in which the reactions take place is not critical to

the inventio 1.Cat al .functions, and. condi tiong.for selectjve

nydr ocr ack A RSB 2T el SRy SR R AREL i £ BT ELpSE canpl o
US 2004/ 023003 M Alditishite hickd, hB@de?ﬁﬂﬁﬁxﬁdux’@!teﬁ,QﬂﬁEl@ﬁﬁgE@a t&lalydtTo@Pbhenel Y-
Many catal ysts well know for isomerization can al so becone sel ective

cracki ng b&eigyduderippne fepd7ancagoppes: 6n sgopiBpEuE oFheiugh Sitaninay cabale rheatvat, y st
may be e : ' (A | g ; ' r pcracki ng,
or two o?mgo%ggli]ﬁlé?glﬁpl n%: g? Sz;):m;sg{;qg t@@ﬁ%g&e%qé%%&dsﬁ}@&é%%? heg%g'r'gsgté)nce of
hydr ogen, the seserizgantand neectvg hadioaralieng aunktéwhs hijiel sabsd pation aff the tatalpst

hydr ocracki ng. . 15[ 0022].Overal |, .t he i sqneri zati f the paraffinjc, product
can be ac%"dﬁ%sl“_'sﬁ‘%}ﬁlC‘i’rﬁl“ﬁﬁf"‘ﬂﬁﬁ%‘% RAGRNTHOR ﬁ@’agg_to(g&?talﬁiyng%eﬁﬁ"%‘?ﬁva'ﬁ‘ﬂ’i tabl e
cat al yst kjawRciive ﬂyhﬁucedcking?/%ig?{%xg{.( ThBSed I ROGEAALLR Bart@h g fYsth i ddneg i ons are

al so suitable selective hy Ki ng functions, although some may require
di f f er ent weighidierdenhef thteatalyss gpwipesite dagrindipe apdwiheitysmms zedditatipnyal amdehe | n

general , ) . catalytic.co nent.s having an. aci Luncti on and mld
v ogenatit sty ShRuBoR G Eple BRIE AR Rh T SRS sy Flia s e bt
i somani zaitiono412 asitenriagduting BEA SORY 8HTYSHOU a6 biHRgehBainb @6 thdor a
single nulti-conponent catal yst the same active site enployed for
deoxygenatPEirepctioNgs 2 sep-glystalling pad sitg (Pund oy Byenas sush af amerphews silise- t he

sel ect i Ve HhOTh HlihaSndinl A0 THoiiRldr B PAT AR Moh SfbrfF ORFAL ure v L 30! €
a Cco a

sel ective hydrocraeki nWsoneri zation catal ysts ise a nme ol Group
VI (1 UPaGts-the) 160 nt'fgeoflent aubapofabieatantiaad s Apgiotn avetage pade.diar@er,
Suitable Group. VI netals include platinumand palladium each of which
may be usfgémﬁi%gﬁlén %‘Fce?‘“f'}’a‘f&téf %ﬂﬁé‘ﬂfﬁ%ﬁ%yﬁﬁﬁd@aﬁ%&ﬁ‘c‘? tﬁé‘i‘ee‘rait‘gifmr?ﬁg)v%%teé $hous
or cnyst ak bértgiciaP§ine: £ABRY PBiou® RnRburt R INBe opettided Rig reatRPArsifRt eri al s

i nclude, al um nas, anorphous al unai nas, anorphous silicaal um nas,

ferri eri tREoblpppthagmigheatheywisq pregapthe darge garrpds molgakofvm coghicdng g APSO- 3 |,

FU-9, NU , . 1 aSM 48, .7ZSM ZSM 57,
soneapo- 11" VERBE" e PAen By G o i e il 10

Me APSO- 46GyvidibiiP@gt baraHinARBited mltkiPChtdlliic flobRSAnd presdnt AINGOr Gckidg tAPSO- 41,

| aunmontite, can rihni tg, offretite, hydrogen fonpn of stillbite, magnesium
or cal ci URFoR ecch‘g hogdests- ¢ Examplrs of SHARNES (e ot By riYcsssHub N part hei t e,
each,@f 2602 : TG o) i ribed in
05 4 %10 40 rEe JERVBEHA, AtoRpulch, SOk AR I Tl RrlERE" | €l

4, 440, 87 Yeacgms3inithe dewaricien zone iuSuds, [HaBuapdispeiSd 5p A8 WpRiZcontdBifg Y58, 665;

Sand US 52&31%683 £r90 her e 2/IA\HFI)p eo isi ;ﬁat?nul\n/lezﬁ\ll?isp%la 1u1in%pl ai s%p;?orgt &%{a?nr}XgWY tz%g)lit% ngIE(? |
with amorphous silica alumina. An example of a set of catalysts include sulfided NiMo
supported on amorphous silica alumina and platinum supported on amorphous silica alumina.

25 [0019] The catalyst function for deoxygenation and hydrogenation will be similar to those
already known for hydrogenation or hydrotreating. The hydrogenation or hydrotreating
catalyst function reacts with hydrogen at hydrogenation conditions to hydrogenate the olefinic
or unsaturated portions of the fatty acid chains. Hydrogenation or hydrotreating catalyst
functions are any of those well known in the art such as nickel or sulfided nickel and

30 molybdenum or nickel tungsten dispersed on a high surface area support. Other

hydrogenation catalyst functions include one or more noble metal elements dispersed on a

9.



al um nunsi | i cophosphat e nol ecul ar sieve, where the netal Me is magnesi um
(My). Suitable MeAPSO- 31 catal ysts include MyAPSO-31. MeAPSGs are descri bed
in US 4,793,984, and MJAPSCs are described in US 4, 758,419. MyAPSO-31 is a
preferred MJAPSO, where 31 neans a MJAPSO having structure type 31. Many
natural zeolites, such as ferrierite, that have 10an initially reduced pore
size can be converted to forns suitable for selective hydrocracki ng and

i sonerization by renoving associated al kali netal or alkaline earth netal

D O SR NP BRSSO B

cat al yst sdapdsqiamdiabin@ngui@fa. Skel etal isonerization are disclosed in US
5,510, 306, US 5,082,956, and US 5, 741, 759. 15[ 0023] The sel ective
hydr ocr ac 8028} i sdhehydagansonanddiygeatreptingeatabyst fragticus spurentod abevearash f i er

sel ect ed L St i Jan nu cerd u raseodyni um
neodym um5 Jpgﬁ’gté’gﬁ%%%“g S%%@?’?‘z’%%‘&gé‘g‘gal“%"??i‘/fﬁﬁqg“’tag}r"B‘i leejyﬁi]mdélﬁ’&yp W%foﬂr%@et her eof ,
as descri fredstoak tEerbovELGySN7 DacibddSlabioR alkcYchyldohaind hiyiiaddxggsHaR0Lt

mat eri al s, i ncl uﬁ% ZSM 22, ZSM 23, and ZSM 35, which are described for use
in dewaxi PP Eolsstizels sefesesio am degrygenqton reastiqns. Ehsrarder éwhish tsgenssioae ul ar

Si eve proeRsslabdk nbt@RicHRYAN ey Wax | sonerization,” witten by S. J.
MIller, in croporous Materials 2 (1994) 439-449. The teachings of US

4,310, 4400028 4, £a0l8rinctig®s And 6B \daR4;s fduScldctiisydibBrackify dndid@ndAtion)S

5, 087, 347, 158, 665; 208, 005; . US 5,716,897, and US
5 851, 949‘“8%”%8?‘88% 888#?@"’838% %‘8“‘8%5%?@42?{%@88% 882’&‘}%33 ECqpRTAPsbYand US
5, 6080 96&refer@eb irmitsetitiraP| Mayi datitsl vBiknoG ol sSbriddiibs Bar AsAReOMSt i tut ed by
an anor phous silica-alum na gel and one or nore netals belonging to G oup

VITTA anglectvesngdng catalysh fungdonsyd meressiere corditions. Bie samegaelyal maylor nal
paraffins [Pl I .15 . 5,981.419 and,5, 908, 134
Ponch o SO (6, g Moot oo b0 OMPctiBidhg O i b RS gt

conpris
crystal | i qaealysestreayi lad enslogtdr Dod tortiad predehde didydrog@othctcaestbohfchlfo Balled
boro-sili cgte BQR—BQ a(gﬁl Cgor.o- al um no-silicate (A -BOMAB) in which the
mol ar i YURISofsTIsHoRapdhyogackigr t han 300: 1; (b) one or nore netal (s)

bel ongi nqod22]G 0ORerMl,lch HAG @bl ' LD an
anount cgrrpr i]sed V\fi3 rt hi ne“i{; ﬂé&%ﬁﬁ%ﬁ&éﬁé@?ﬁgﬁ{ug%dgﬂ?gﬁ@% %}?&lhgﬁh gﬂn.ahg\rti cle V.

Cal emma enanagpr knopppn theattak by wsingery spitabbica(aRB00jowndd thetagabhagofitké  anot her
sui tabl e .¢ St . 0] The catal ys for th el ective hydrocracking
process tlilogéegiéﬁoy C@%‘%&@égmﬁ mf“_élgg %“‘QEWS‘F%}I:VF%@W@%&@B?{&H% a ‘&ng non
hydr ocr ackine gnag aquirs @ifferenCestiafhsé hag wolild be dfnployed fosbRed2€ibh ¥Bn@ Mg NoN
active hydrocracking conipqnent S may positi V%H% affect the (gartl cle

st r engt h,8eBGe catgdystsggicaplytiaeempaaenty havipean acitkfangion ard/aild bydregenadpnc onponent s
S e e T
hydr ocr adigdegradapgiieadtionyFah single nudti-abyponenQeal graepirge sitivesienipidleg for
catalyst ,is a canposite of zeolite beta and an alumna or a silica alum na.
Ot her in ngﬁp@tm can also serve as t?le mild hySrogcnatlon gmctlon for the selective hydrocracking
and isomerization reactions. In general, suitable selective hydrocracking/isomerization catalysts
comprise a metal of Group VIII (IUPAC 8-10) of the Periodic Table and a support material.
25 Suitable Group VIII metals include platinum and palladium, each of which may be used alone
or in combination. The support material may be amorphous or crystalline, or a combination of
the two. Suitable support materials include, aluminas, amorphous aluminas, amorphous silica-
aluminas, ferrierite, ALPO-31, SAPO-11, SAPO-31, SAPO-37, SAPO-41, SM-3, MgAPSO-31,
FU-9, NU-10, NU-23, ZSM-12, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZSM-50, ZSM-57,
30 MeAPO-11, MeAPO-31, MeAPO-41, MeAPSO-11, MeAPSO-31, MeAPSO-41, MeAPS0-46,

ELAPO-11, ELAPO-31, ELAPO-41, ELAPSO-11, ELAPSO-31, ELAPSO-41, laumontite,
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torefractory materials which may be used as a support in addition to
silica-alumna and alum na include for exanple silica, zirconia, titania,
boria, and zirconia-alum na. These support materials nmay be used al one or
in any conbi nati on. O her exanples of catalysts are based on zeolite Y or
ZSM 5. Anot her group has primarily anorphous hydrocracki ng conponents.

[ 0026] The catal yst or set of catalysts of the subject process can be
formul ated using 15industry standard techniques. It is may be manufactured
in the form of r ical .extru e having a dianmeter of from0.8 to 3.2
mm ( 1/ 32i FEEe gﬁ%/ H YHRQBeR friy ﬁé&ﬂﬁtﬁﬂnﬁ‘e?ﬁ%}@r Facimforp pldpordendier ad £ or m
such as anfphsiug @calRiil Bim of PRHEXS, Ebﬂﬂaifﬁrh{&h%e'ugbdfa%d@brﬁxt&')ﬁ{bu’;aﬂéﬂ a
cylinder such as the formof a well-known tril obe or other shape which has

advant age4LPR-11dp ﬁ%SCB‘PedrlééI@d*eHOd‘ﬂ@fW(Mbpl SARGB hrftd D37, pnéS4BPet ldwop.
20100271 Adeimcash B 446 G RIMUIE ol il DS TS 84 14 kbﬁ?z;nf;pg%g%gg' tions

optim zed to resu 'n Selective KT'ng, “wher e pr Y acki ng
i s acconphidigd, 2&80@5 Mgnm 1saMeme , whitthds ecacdsyinfgr a lnefal her nor e,
non- sel ect,i ve cat al function may be nodified to weaken the aci di ty of

the cat al Yepmumsgic SE}Gterﬁ‘ﬂF‘i‘r‘l‘ai é‘eﬁ‘h d‘@§’|’erﬂé"dmﬁ9’d}”8é3r’ﬁ%ﬂ£‘%‘§}“ (Mgb 28t cl ass
of suit abk@A?Sbeﬁtdatﬁ?ysQX@iﬁéMé?&PmB?% s a%ga&kﬂl&aﬁn 859, 79193% Qﬁ@e-

25sel ective catalysts. Hi ghly Tsonerize ins are noré readily cracked
as conpar MxAtP§Os treaiegibed indih4.358, 4ﬁ9nMg$\tPS§t3ltlun@chfmdMgAFﬁﬁ sihese3 it hey can

crack thr ed carbeni.umj.on, i nter tes Unf.or.t unat e this

| eads to nﬁ]gc(?/ﬁ?vé?g %H&%}{a? 51 é’e‘cﬂ@&%nfﬁt ”E teg, SUchyas £eFHerty :hgbent er
nol eaql eSarﬂuttﬁlly‘l&dﬁdféﬁ pbfesiRchiek @viv@tddeh e hulfaﬁﬁg& selebigRInydiosaemsd £fd
paraffins are also nore likely to crack than the other paraffins and can be

pr event ediSPRgiREoR B remgving asspeirted albalt metel erraligling easth mstahby ewgioaiunsivaves. A
shape- sel §ehAne afPladdiyasibn }’%ﬁ”&ﬂxo@ EHR\EBY: Thglgr ]ﬁﬁg)%rﬁﬁ FofmOls t%ﬂ%ﬁ# 299% (?32 ed

nol ecul es fromentering t pore structur rotra eavingonly
st r ai ght -@kddiS4,024,637 E\htheycatzﬂmmdlczadtxqmlfafekélasl kanatzaidn drérdisdleseg at al yst

pores. pore nol ecul ar sieves with 8 to 10
menber ﬁ%ggﬁggééﬁ&f%éﬁt "ggg/yg%lﬁ# sion of the long chain paraffins

deep 15 nt qob¥s POTEKe s%)é%B@éﬂydpa@?ac@iﬂgls@%eﬁzdu@ﬂgatﬁlgﬁ'tlﬂlcﬁ@l{ @15{/ bt &Mflsat he pore
channel of the catal §St and encounters a dehydfogenation active site, such

as pl at i noedifigseleettd irprg thengreup eoingifting, of Mldtao'matqeuumofbrastehéyrmbmf nemxdyryuuﬂi ds a

car beni u rr net h ift.to carbepiumion with
a singl erBr}rll(e) yw]bb%%ﬁéﬁ %aﬁenn\l/rlnbtxq.)ﬁ1 ﬂﬁ?ﬂfﬂ?‘%ﬁ”"? 35 “Eﬂb(?géﬁﬁgn cracks at

the site 316892 an@UBYS 85003 ahihatisaitabld\@ppoiOmatenils eudORSVMSIREMEIRIaRG and one
l ong chain, In this way, beta scission hydrocracking, the primry mechanism

for Bronst¥¥r3acyhish afﬁ/ldﬁc‘ ibeddar usg ipdavaxingin é’sp'iﬁ“é 566 ardhinghe artide entitlefly st .
Si ncg, di fhyg rf?&eduﬁlr kfe% 1}1‘35[158 F)Y ﬂfbggé‘ggﬂlégl%;[ \leo! gtrlcg{" WRtdnl %, 25 MHE uends

of the paraffins. es of sulita hi's Toudte”inc
ZSM 5, ZM@opﬁ@Manﬂstzth@@ 44§r’fheetcachmgs EﬁIU$ h810,840; Usbl, s10c871 AU St S

(3 15, feaumeUs 7Rt ey, OSSHERIN: R isnds )08 Etzo&oozse% e

2000, 193018:588; USSNYE8IT; hitbs Ws’51 589 4k BSrebyline @1at€89§'?é?érenc@ F.; Jacobs,
P. A, Journal of Catal Si s, 1998 174(2) 177-184; Huang Li D. ;

Karig, XI00241 6 1GS5444% and UEY, 608,268 tcmh Suurliéztﬁd)l@mtmale:aalbdt @itlalsysi s,
2004, 15%0113%&15’6% t%/%?l%-mo%hoﬁs sei‘l’lca‘alung:mh gel and one or more metals belonging to Group
VIIA, and is effective in the hydroisomerization of long-chain normal paraffins containing
more than 15 carbon atoms. US 5,981,419 and 5,908,134 teach a suitable bifunctional catalyst
which comprises: (a) a porous crystalline material isostructural with beta-zeolite selected from
boro-silicate (BOR-B) and boro-alumino-silicate (Al-BOR-B) in which the molar SiO,:ALO,
30 ratio is higher than 300:1; (b) one or more metal(s) belonging to Group VIIIA, selected from

platinum and palladium, in an amount comprised within the range of from 0.05 to 5% by
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Martens J. A. Journal of Catalysis, 2000, 190(1), 39-48; Sastre, G ; Chica,
A.; Corma, A, Journal of Catalysis, 2000, 195(2), 227-236. [00291lln one
enbodi ment, the selective hydrocracking catal yst also contains a netallic
hydr ogenol ysi s conponent. The hydrogenol ysis conponent is provided as one
or nore base 20netals uniformy distributed in the catalyst particle. Noble
nmetal s such as platinum and palladiumcould be applied, or the conposition
of the metal hydrogenol ysis conponent may be, for exanple, nickel, iridium

heni hogdi 1, Xt th f . The h is,f ti
or ot er ont aeh ARACY SR EusAP bl Sepr g CREDCA STnEiE: e

mol ecul e. sultable chialyses of catal ysts are suitable for this approach. A first
class is a catal ist havi ngﬂa hydr ogenol ysis netal wth a mechanistic
pref er encW0LY cr 26Kk catplgste g shegeletive lydrogracking mesicewsuymienlly Semprisent leaseanpl e,

Carter, J ; - Sl . rhal of. talysis,.,20,
223-229 (%fﬂc)mcm Eﬁt@%’é‘f”a ydy f‘?“%}—*{a?"%‘%d‘@g C?F?"'@Fgg’fnpﬂ?‘{“@ e S o
B. ] ofir nadctioé arCatonlagSveshydb8rackif@eAdnékOBaY postihelyateanit ghadsstehgat al yst's
i ncl ude those where%&e Bﬁgrog@n%&ﬁ function is |ocated in the pore
mouth of F°5RYCHD: SrdRAFOTAISEGe R Bidipesgckuesompeneats apusyhrelored toes

30di f f usi @8 s@pokt o &RE sGhedriimaBubpdi ﬂ%ﬁﬁyétﬁg 'a:?ﬁf?cat GmiiQd gy @XE em

Al so, since olefins are easier to protonate, an erefore crack, as
conpar ed Yomesantsbtigndo thethydetagkinpeppntitityof thefcatalysti One comptnegntsunatye be

m nim ze . surf.ace of the.catalyst to,majntain the
sel ;ct fv:j%a%@gwt% ﬁgf‘(\hgtrg%%%eé’gf&bﬁémé%ﬁ%{“&? % Sﬁ‘ﬁ? plagina- @Q\]F&W@f‘%‘cf or this
hydr ogenakfrsiiary howialsafhidahgcid nsed Ryudupsoras kildifor ©GHARISIihd FRlaldnSna

ferrierite, érSM 22, ZSM 23 and other snmall to nedium pore nol ecul ar sieves.
5[ 0030] AnBERST s examphy Sé“‘iay%j’@o@}f‘v tHantia bgua, 8nd Hedonigelumine dliesrsuptostves wit h

strong p i gl Wik - a.:Ni . ti rat ures

pr onot e aﬁaﬁaﬁﬁgelgé}é%e lﬁé@?lg?:er ﬁ@ﬁ?‘?fg& %%11?9%%%%?& 58%1%&%%@% gﬁ%&’ F %ec Pdcki ng

t ha{/Vs d ?Egenhit: tYrmﬂSﬂ\'ﬂAé. As@h@cﬁimaﬁxila@lfrimgﬁargglfgl;mgigmﬁzﬁcm?g wfﬁgemﬁ_ hdescr i bed
in Wi : ew. m_Int. . : : .7, . e

inter media[g{?%ﬁi satheccﬁg%ﬁh‘?rﬁﬁﬁ ‘?‘%GWalfy o ﬂ%‘ge SHOJeSt PIgFest Wé’leif%‘ﬁ“ﬁfteqaus_é%r bon- car bon
or 1Q@zar hadishy daeBRNe8Rifes. ﬂh@nﬁ%h@lnxﬁifad&%@ in8E foRR 9Fla By1RlHa] Ektﬁgi%

dehydrogenation function since the olefin is not necessary. Residence tine
on t hese hayingadiagmeies obfreras0.§vsuB @ nire €432in thd/8riinniThe caadyst camdreawseletin @xt ensi ve

hyd ' ' h ' th ' ite d it
oper at 1 ng it deaiis KERAUAMESAF U P P Sy P B ot oo alyst for

thi s apprgleler sush £S5k Sormldi[aGBInoah Gl oPOG® e Hapt @ich WadadantdRekl fefndet a
and zeolite Y"\flréllt‘fjg 12 nenber rings al so serve as successful hydrocracking
and i som@F fedug sk Jiganse gt PRSP $eocessi ng condi tions. They can be made

nor ey el mye b i i/ i .1 hr ] kno ans such
o b Taly® DenbRLAbdie LRy (Aol nfa bk A AHA Rbn KIS, T

hydr ocr actsiltdn selestive hglrb@ndrity, ehet penpoy leydedvarhizlgss sucemprdidd 8dthshiatnas when
nanocr ystseal | it eg c&r e ysed.. The 20shorter pore |lengths Iimt the anount of
secondar y R R S A ﬂ’l‘&}éer’?“ﬂ@’ pPoRrbdectivg Pttt dunctian max dr mpdified toui cki y
di ffuse @vabenfhiomidityeoraRObatdife Bf di8& b kiR AR hoGkEAGKing 0032] The one
stage process to convert natural oils and fats to aviation Tange paraffins
at [0028]  One class of suitable selective hydrocracking catalyst functions are the shape-
25 selective catalysts. Highly isomerized paraffins are more readily cracked as compared to straight

chain or mono-substituted paraffins since they can crack through stabilized carbenium-ion

intermediates. Unfortunately, this leads to the tendency for these molecules to over crack and

form lighter molecules outside the preferred aviation fuel range. Highly isomerized paraffins are

also more likely to crack than the other paraffins and can be prevented from entering the pore

30 structures of some molecular sieves. A shape-selective catalyst would prevent the majority of

highly isomerized molecules from entering the pore structure and hydrocracking leaving only
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high isottionnal ratios, operate at a range of conditions that successfully
all ows very high | evels of deoxygenation and hydrogenati on, provides
significant yields of aviation range paraffins 25while mnimzing |ight gas
and napht ha production. Therefore, the operating conditions in many

i nstances are refinery or processing unit specific. They may be dictated in
| arge part by the construction and limtations of the existing unit, which
normal |y cannot be changed without significant expense, the conposition of

the feed gnd the .desir products. The inlet tenperature of the catalyst
bed shoul %r%ht['ic 1y R%Slﬂgg‘gygl 0‘8‘?“4’& 8%‘“‘%@&9 T 4%3’@%1(‘)‘3 ﬁfd’lﬁreﬁo‘p usbermore, swallt he
30i nl et prexgsdiig sg6 pote thddRuRPO¥Rs HAHES th PO n2ABEE p_éfﬁn%sg&e\}éﬁ)?eag}a&iﬁﬁsiégoo, to
2,000 psi gg. The feed streamis adm xed with sufficient hydrogen to provide

hydr ogen €f felmgehampiafiias deep ig theporersggamnThe/end eHong chaidpoaiisemetsahe el |

of  cat al yBOE T ppa URRARRR e el R e hATh A e R ST Gas®

st r eam whiestltingin apadsint Promugionpifticfdlefis iyRis haaibbiitmésn ¥hich tdagargespyal  of
d with the feed and in one

acid gases. .The. rogen rich gas .adm, x ] 1 in.
enbod? mn?’e‘gﬁ&?‘f@%’ ginga FW{}W:}E% dﬁg‘ ‘W!“Pg?‘_’ BetdrEnchtha) vaBeliggation. ther cent
hydr ogen. hyageaftRf dracied £ tHeRitd 6f 1B nfhyl Br%h&ie%@% Wb CLER eon\é%t&%{ﬁé z%ld'o'g{% S. V. )

will normally be within the broad range o to 5w th a | ow
1. 2 bei nglong elepin. fn disevaynboialsaission hyro03&Kifgh thegiriffagy reerthamiera dor Rrnsstddyeais,,

hydr ogenag deox nation, .i rization sel ective hydrocrackjng may
be carri Zﬁilgél}?mucg?sﬁé%ﬁg&g %t%(gfﬁg‘i?é YShPIGE gﬁg‘“a“ éggfm‘ff“fj ‘aﬁ%%c W@W’h
10catial ysbesprihadily ititke @i oLthePRbfinh FxBmpRO FBY Ukt LRyt Cr SR B&E intBide

hydr ocr acki ng. occur concurrentlg. Exanpl es of catalysts suitable for all
reaction ?Wg‘is ZONER U dSM-hLitZSM-22 At feprjenite: Burthep suifgblgcptalysts aredlesseibgrbin adi um
on: zeoli 5 r phgu il W Na, 1\ SAPO- nd/ or SMB.
Anot her e&g?r%(,l’ é%?s% ‘émaﬁ d’eg' ﬁl%ﬁ%{]éng%g Faﬁol\if%dghg'%ﬁ?s’?ég’ %ﬂaggn?,’ ffSM 5,
anor phousAppliedl Catabisisnd n@gneMDROOGAPTH 19-2an ddwieriih3 W. IR OR] 4] My Breogen G.S a

of hyar ogenvehiie: P o 1 ebe G Do LB EirTuni by weSoanGng ol

cat ahyti cyr BagH. Sidieb fn SWRAEOYSGEck Snd\CLtaldM @b 164,2553 Besg: eaghl ap (Site of
the catal yst, the coke fonns on the catal yst and deactivates the catalyst.

To sol ve Mpgtens ki Aydowmalnf Glgtabysis, 2098, 19069s1%-48; Snstie, GeBbichoh; Come, As of t en
rai sed toy,| g y is.avail able to avoid coking reactions on
DALBSHT RO gt 5

the cataly F'éin~1's flexible regarding the operating

pressur e [§629] hat Iname epbodiineit, HiaBeléivp Bytlodr kR RAANKGILROMalnk @AM Shi fting
t he deoxy% nati on pat hway. For exanple, when hydrogen is not too expensive
rel at i ve grogenalysissempongat. olhehytogenelipis cRgerent is prayifedes encghaorpbasesur e t o

oo by SSRGS o BRI °3301 5 T
gauge ( 83@liphirgyouléBO&ppHed, or the composition of the metal hydrogenolysis component may be,
for example, nickel, iridium, rhenium, thodium, or mixtures thereof. The hydrogenolysis
function preferentially cleaves C1 to C6 fragments from the end of the paraffin molecule. Two
classes of catalysts are suitable for this approach. A first class is a catalyst having a
25 hydrogenolysis metal with a mechanistic preference to crack the ends of the paraffin molecules.
See, for example, Carter, J. L.; Cusumano, J. A.; Sinfelt, J. H. Journal of Catalysis, 20, 223-229
(1971) and Huang, Y. I.; Fung, S. C.; Gates, W. E.; McVicker, G. B. journal of Catalysis 118,
192-202 (1989). The second class of catalysts include those where the hydrogenolysis function
is located in the pore mouth of a small to medium pore molecular sieve that prevent facile

30 diffusion of the long chain paraffin molecule into the pores system. Also, since olefins are

easier to protonate, and therefore crack, as compared to paraffins, the dehydrogenation
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25gauge (900 psig), 6895 kPa gauge (1000 psig), or 8274 kPa gauge (1200
psig). However, higher pressure operations are nore costly to build and to
operate as conpared to their | ower pressure counterparts. An advantage of
one enbodi nent of the present invention is that the operating pressure nmay
be in the range of 1379 kPa absolute (200 psia) to 4826 kPa absolute (700
psia) which is lower than traditionally used in a deoxygenation zone. In
anot her 30enbodi nent, the operating pressure is in the range of 2413 kPa
absol ut e §§§8m$§ia Lo 4481 | cPa apsol ut e 6E95$Si§) %Eg in yet another
embodi menfSpE SRRy ainirdized on the extgmalsugtace offhacatghst i nanipinthe400
psi a) to 4la&tivitiar mbagdroéBckift) BxpHipidd of sTHAHINER IR For tﬂds?@d&@@ﬁoly@ﬁ LGRS

hydrogen in solution, the rate of reaction is increased resulting in a
great er affiksHve brdregackingpslndesilicptite. derrigtitet 79282 M e3ravd other small ta. gi ven
period of LhiB: nolSoREASSSSed S fl exible regarding pressure so that the
operator can repspong to econom c conditions by shifting the 5deoxygenati on
pat hway. [630] i s Anatheppsetableayperadyatalyits aichlde widkc@Es bieestvatf soRE pore

decar boxy!l a@i on v\/fg]e hydr oglee)in i s expensive, but sacrifice sone yield in the
final protfady: MRS JQW“t“ﬁ"é“} gher gperatipa igmperenirgspsorpeth dlaag Rasav when hydr ogen
I'S not 1 ORydR¥RAREIRY & typ8 b@ﬁéi&-@at’é@stt}@ ro%ﬁ@ﬁné%t dods A6t leﬁfeaigé)rﬁerﬁgé{o&groose to
ma at higher pressurée€s to favor "hydrodeoxygenation and maxim ze prodauct

yi el d. 10pibogEpnah cunlgstastiediibeshin Wéitkame e alv AghévarChehe Iesli 2@, a0N» 17, of

hydr ogen kept. [n solution at . |ower. pressures by . enploying a. large
recycl e o%ﬁﬁygﬁeolg g?l’ 8(%2'1&&%%&1;@0&%{1 I’ioélrfﬂﬁEe‘%&?}{:B@%’é“%n@Je“ ‘éFPp?%cFQ@H’“ or
hydr aoar bewbdneigiedgen bond) THE tathi9st @B Ao heddEsiSBANAIL @dnyi®gbMaibMRintAEt 1 ON
zones. However, the range of recycle to feedstock rafi oS that nmay be used

herei n i sS&tthpelely isgiot feressave Betidenco e oh thenestrangakidsitetyorld gend tobet he
l'iquid phagsemeRdid Hev : dyation rate. e amount of
recycle is determ'ﬂed&%%t&ga\%ﬁgﬁgeag%lgggg%gﬁélbl\ésSlrmglqdﬁir &e‘lﬁ‘gﬁ}ge,a ‘ﬂ?ﬂly‘;’l nst ead,
based upofenhiscerogentisphtutiiighcr ypace gelbcigmBntesamply @F o geitiblagadysofoe alier

sol ubilit i.n\thg%%r ocar bon product than it does in the feedstock. By
utilizin qua%ll?ﬁ ‘drocarbon recycle the solubility of hydrogen in the
liquiisl plTee®1]i n LAge pERGLIIRG FONSs JesliQHRA Ik ADGE $3% LA Rbessur es
are not needed toi}ignfér ease the arm_unt1 of yné]r ogen inﬁg(l)ggﬁgﬁ]t@%oﬁ 344 avoi d
cat al yst SE&&@s bucaessbm hzdro¢raking wrldsmesization foneicerbodildrprocessing cbidiiionsent i on,

t he volu ' car.bon recycl.e.to, feedstock is omO0,5:1 to 8:1.
| n anot hre@1 egg%{olgﬁ rﬁéﬁ%?’%g&r%%fvieo eir@slﬁ% kﬁeﬁﬁfﬂﬁ@@nﬁroggﬁwﬂg W MEPS anot her
enbodi mentcl dsastdagtingor Bid-Washiig. TRAGEe irthdr inpr&vel tdwRBsclddiVEhy RRPIREHe

enbodi nent tgcxa ratjo.is in the range of 4:1 to 5:1. The rang€s of surtable
vol une r atheBdhedengtl of e aprsohanmstsaee eduesdppeiuastwher naneeritadlites redsddnThe
25pepgli ngp (W ' [ e or rogen

sol ubi I i ty&\%grp OFAbN 1%1@4\ eeéa?‘{n"q’gf"%é%é‘g% |h8&{8%&%‘é%gr§§ett¥1%l"8px‘g: jotequies m
recycl e tcen ¢asdy andquiddy diffue dwayhfren gie Bollte after @imary BydrocradkingSAN 12/ 193, 149
showed t?&b ﬁhe ﬂ}/drogten sol ubi I'i t% r emai_ned hifgh. Thus, the specific
ranges of CWaH / vol eORF Fgee pcessioyrentertngiucal ofs angfats b aviasion sengerawraffing at

det er m nAghBAFRAMANaBRNRYAOE aGarild o BSHaRioNY HaLAELsFOMyHobs W¥ry hibntib\1s
deoxygenati on reaction zone.
of deoxygenation and hydrogenation, provides significant yields of aviation range paraffins
25 while minimizing light gas and naphtha production. Therefore, the operating conditions in many
instances are refinery or processing unit specific. They may be dictated in large part by the
construction and limitations of the existing unit, which normally cannot be changed without
significant expense, the composition of the feed and the desired products. The inlet temperatare
of the catalyst bed should be in the range of from 150°C to 454°C ( 300°F to 850°F), and the
30 inlet pressure should be above 1379 kPa gauge to 13,790 kPa gauge (200 to 2,000 psig). The

feed stream is admixed with sufficient hydrogen to provide hydrogen circulation rate of 168 to
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30[ 0036] I n anot her enbodi nent, instead of recycling hydrocarbon, one or
nore of the co- feed conponents di scussed above nay be used to provide the
solubility of hydrogen and tenperature control. Dependi ng upon the
relative costs of the hydrocarbon and the co-feed conponent, one enbodi nent
may be nore economic than the other. It is inportant to note that the
recycle or co-feed is optional and the process does not require recycle or
co-feed. Conpl ete deoxygenati on and hydrogenation may be achi eved wi t hout

recycl e on not her enbodi ment, the process
matyy be cond Zg’tl &ﬁﬁﬁ?f 'ﬁqm ?%ﬁéel g’ﬁf"é §LC% B2 guhpasseiini thefeasion é‘?nt{“gmg
count er aCthédﬁ&lﬁﬁér@kﬁ(ﬁ%atﬁlﬁﬁ@Whﬁﬁ&&r@é’bnﬁﬁl%@bﬁm@ﬁl v By eld HRS f%%éﬁ% s@dam

hydrogen in _solution or the hi perating conditions. e product
of the redtig hdﬂ%@hséhi%gltblﬁ!ﬁfé@@bfa@lbtm f@féb%\teato@al of acid gasou eT he hgirb)geprrmﬂ ucts

of the re ZRMN ither a cold or a hot. s at or be
used. V\he%ggt Adgn)é cthdl nge%g%ug({ﬁ on?gﬁlg%dé R VAL TSN dfoé:a’ibg?%‘{?‘@cfoﬁt@mé‘tl i quid
from tshe bust9Oma hetcbre hgepgaalhe feedifack MM af lpid ma?rs?k@ WelbStyYBgfs. viye
water is re ved as a.vapor in the gverhead stream o he separator.

Ther ef or e W RIMBY%PHWitkindhe braad repgsiaf {0rblos e i with p LddSpf. ibslew la?t beirgaesed
propane apfbdeledfbbdigR@s. carbon oxides and hydrogen sulfide. Additionally
the overhead stream fromthe separator nay conpri se water vapor. The carbon
oxi des antP0JHr oJéa dffdrdnt dectiens tjqre:s Jydegenatidn e ot ypehalogLiesméaimtioasnd

e described in USAN 60/ 973, 792

bb bbi t
and USAN BT PR RN iy B il e e G ol o ke 1 of et ot y.

Af t eriot heci@lyfiQmn i dftSodaneh: Woik REmBYiBS &4 &!'Hctlbéjﬁydb@c?a&ﬁg%c&ﬁ'mved from
t he overhead stream the propane and other |ight ends are directed to an

opti onal SnswsTHlyf Brammies o saelysiisuitabesfedalbwhcion tyfes titmbudselpa aet it linsted

operated @as d [ separ at or
over head, f% lgug\ﬁler 8@; (?l{]%ln F%I/x(?l?ee alﬂgg’rf’ Wﬁ%‘% “gﬁqﬁtfﬁ]u’%'ﬂ?g\gggnd hydr ogen
sul fide s&AB@Udra,ndboSNBn&adthéxr@mﬁptbas it Qa0 IndShbI§BdBNuR ot SediigdyWi t h t he

l'i ght end% to the reforper. The tenperature of the separator may be
from anbi W%é‘ﬁ‘ﬁ ’t‘iﬁ C%‘B“‘HS‘&@’IPRB!ﬁ -1 /et Mbr essure may be from 1379

kPa gaugejobsyil3, Fi98robEisG ) nt, the

t enper at E[re |]s frﬁngESOICs: ? g%%gg%q? 88% 8908‘@02}13%“’5%?‘&5%‘%@]’%@8&%1 ffins
produced quantityef hpdroganonust baén mhexonemmmacbﬁfecmmi)t tlabe ﬁzﬁplarthﬁ @falpitdesdtioni ed to
a fracti zone to. ar te the af fi n ferent product
ranges. ﬁigﬁ?%‘i ﬁgen A7 8“%9“‘1?’?5% r‘}@veﬁ%‘%é %1? %ﬂat? Pﬁtd %h" 8?’!‘%5’0‘ he £3t@l%sh £ r om
the fr aCtandmiaiidt@ﬁteslmBQatal@stp‘Fb%le@tlﬁkf kih& 6f HBPBMNAe 'ﬁ?ééstﬁ@ uPsztehﬁm'sz is
conducted to the steamreform ng zone. The range of hydrocarbons t

sati sfy tHEnrigRd tp &marrenopgy hysreuse éy vadabds/foavpidreoking Ireacsom@mh@chtdlymm t he
o 250 1 e S e P AP
removed itmeeonbotic anditehs Bashiftingnhd dv@xygenation pathway. For example, when hydrogen
is not too expensive relative to feed cost, an operator may choose to run at hi gher pressure to
favor hydrodeoxygenation and maximize product yield. Suitable pressures may range up to
5171k Pa gauge (750 psig), 5515 kPa gauge (800 psig), 5860 kPa gauge (850 psig), 6205 Pa
25 gauge (900 psig), 6895 kPa gauge (1000 psig), or 8274 kPa gauge (1200 psig). However,
higher pressure operations are more costly to build and to operate as compared to their lower
pressure counterparts. An advantage of one embodiment of the present invention is that the
operating pressure may be in the range of 1379 kPa absolute (200 psia) to 4826 kPa
absolute (700 psia) which is lower than traditionally used in a deoxygenation zone. In another
30 embodiment, the operating pressure is in the range of 2413 kPa absolute (350 psia) to 4481

kPa absolute (650 psia), and in yet another embodiment operating pressure is in the range of
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fractionation zone. The operating conditions of the fractionation zone may

be varied dependi ng upon the feedstock, the type of paraffins generated in

the reaction zone, and the desired fuel to be produced in order to separate
t he desired hydrocarbons into the sidecut. [0039] Optionally the process nay
enploy a steamreformng zone in order to provi de 5hydrogen to the

hydr ogenat i on/ deoxygenati on zone, isonerization zone, and/or selective

hydr ocracki ng zone. The steamreform ng process is a well known chem cal

process f roduci n dr ogen, is the post. n _nmet had of producing
hydr ogen gisgﬁiygragﬁ’élﬁgg{%pé??B’oﬁ1@&&@?’?{?&‘?&‘5@5‘?8‘&%?%?’% tgﬁd st eam

m xture i mceadedlnyliog@ in¥olhu@ias tReragtofftRNok RMMEEREMFSultife fnOf gRedidiheasn, and
t he carbon oxi des: carbon nopnoxi de and carbon di oxi de. 10Si nce the

r ef or mi ngofrtbepeghmh of watsriglghighgh dadesciosimg givethpssiodof §mebBhesprpesiss isdlexible he
reactant mnj I I bes. in. . f.reformer. A
poct f1c LyittEDroBe T il &Y opilbl U8 iSnl IS Ml BadARTS Rlu ) o

cat al yt i cdgpaygenationopatichadtyi Dhat isT i Spgpatocmas naliat foayr preisnlfmb(fatoaliegﬁltaﬂmx?r%fa&m
reforming jn that the heat is supplied by the partial internal conbustion
of the foEheEkoe PR B EnbY sacitice s Yigldhin disipial Brgduct difpugh thdass Al

source. | QRNehhe othdthad®HIRH m%dfagmr i%gtrteé) BebeAGDE RYRRe ASME A B8, thbe

tenperature of the gas leaving the catalyst; 'exit tenperatures in the range
of 700C tepegs@Tnarcropsepd ol atthaghecpmsseres itofaadr Hydddecxaigbotion efidmakingze
Pressures rgglyc ragﬁe up to 4000 kPa absolute. Steamreform ng catalysis are
wel | knowliPa1&YEShvent i onal cat al ysts are suitable for use in the present

i nvenbi ono03)040nlotRicadotidnennatt HE lvedtasm theddshed Msint Bf BARSIeAa! Rept gedSt OCK
to a steam refonni ng 20process. However, in the present invention,

hydr ocar boRsiophlowsr prepsyies by gaplayig a lawge decstle ofibyshoethon. Qihyr pwthpsmia at ed at
ft i . j ' one,
5 o commin B S kAR 3k BEFARYEe i g P SRREUERIRLRR AR UG, PLPPN

These | i ghiaioncompoHenter,niyrahge daparktte teellsiok mties waxhayes Red hérein i9f t he

dcoxygenation effluent and rquted to the steamreformng zone for the
gener at i off 'Eﬁse‘ﬁ%% gestt togpmnﬁ E}I‘q lgvel Séb%fg%eﬁén lqﬁﬁilg;a@ﬁ“dd?erﬁree@gu‘@ar bon

at ongs f r ame i8R efih ¥aaTIRfanlolf SFRbdyeRtii ¥RerhHQUBIL 4R lchPRr-ARE caflECt i Ve
hydr ocracki ng steps may be conductéd to the reform ng zone. Therefore, the

| i ght er rraquireiughts, Hut drstedil ebadesppy dpdiogemsolubslisreequiramemsn Hyddogey diroer acki ng

zones are_direc . al.on ith stre to.a reformng z . Ln.the

ot or m e ShSSh Bl B G oo sbEPEmaS Aot S Bee it Iy g e
reacted thydfoefohkdyagtie sandiliepstinardpsh dese lidile phiseamheeéRrifi AtheRs 0duct may
be recycled to 30any of the reaction zones to provide at |east hydrogen to
the r eact&f‘éﬂﬁlyz‘ﬁﬁ@ﬁe‘éﬂdi haghsr pigssupgsarewd nersied thiggreps thepaount efhydregentine

carb OX| i A7 r i t. .epar at ed
Pyl aen oo BRNEIOR Gl dbd Rl oh Bl e BB Chbtmen e fertEh

pr oduced the vrhumatatioalf hgdrecadrsonancyekpe fisidvieck sSour Oc5: Arvd 8gdehemathes unwant ed

O e R e PR S gBb 575 1 AR B S Sl o0en
the cost rfgeloh&: PI0E IR FDGbt ARKBerl hnbIBIMRnE MY kA RNETRIhE kdnge of 4:1to 5:1.
The ranges of suitable volume ratios of hydrocarbon recycle to feedstock are described in
25 pending application USAN 12/193,149. Suitable ranges for hydrogen solubility were shown
to begin at a recycle to feed ratio of 2:1. From recycle to feed ratios of 2:1 through 6:1 the
simulation of USAN 12/193,149 showed that the hydrogen solubility remained high. Thus,
the specific ranges of vol/vol ratios of recycle to feed for this embodiment is determined
based on achieving a suitable hydrogen solubility in the deoxygenation reaction zone.
30 [0036] In another embodiment, instead of recycling hydrocarbon, one or more of the co-

feed components discussed above may be used to provide the solubility of hydrogen and
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5friendly. This feature beconmes nore val uabl e when an external source of
hydrogen is not readily avail able. Another alternative is autothernal

ref orm ng, which has the added advantage of low utilities costs. [0041]In
an alternative enbodi nent, catalytic reform ng nay be enpl oyed instead of
steamreformng. In a typical catalytic reform ng zone, the reactions

i ncl ude dehydrogenati on, todehydrocyclizaton, isonerization and

hydr ocracki ng. The dehydrogenation reactions typically will be the

' ‘ | | | kyl ,
denydr ogeis s forie BepeRBRE LB efue Fu Y dhg R amaD b Bireo-teed

cycl ohexacespdnentabreydnetodinga kb Rfor@e@dnbiR: Halweboey ik Zatdrant Bhocyclic
paraffins and acyclic olefins to aromatics. The isonerization reactions

i ncl uded 1habiherscyde Pore-Bed k-qpipad ppe thepsocessaloas aatrequdte regyele or co-feed.

hydr oi so } J f i 0] ! LNS; [ SOREKLi zat i on
of “subot 1 TurERt RO el o vrbschahh P REEINETRINARTHDE of SPFED

hydr oér actdmgpnerits.dast@l hnotser eiitbediarcatysie pradesomapbe ¢dneudledwitiaédntingodso
aromatics iﬁ Sgener al l(}/ .concfei dered to &\e hilg,hl desi.rabl e because of the

hi gh oct aff& FAIGEREFHHONIAQ L I A PISERCLING Fphyet dSpityadan etfertsof fhe 1aWeN i cat i on,
t he hydr oggéungesTasatogeh Qnysoltﬂi%nb?%%géh@ﬁoﬁéatﬁ ondidlisghl y desired product,
for it is recycled to at | east the deoxygenat ion zone. The hydrogen

gener at edl0037120r &b plodectioh thengactipn gone is eenduitohtozoreparatot freremove the

hydr ogenat i don zone,. the.isonerjzation zone, and or e
sgl ec'? i vzﬁlﬁg‘g{r“g{g%ﬁ%ﬁ%@"‘z"gﬁ%. TEEoLy gﬁ"é?riaccé’ Ha‘?z{dq li?yéﬁpéﬁlé?é‘f"fy?’ﬁé“"t%%‘e&r e
generiat ech suddibapametd if Gsell the garolsireofadek adiadiddtont he vaubmlor a1 skpihtodependi ng

upon boi I%‘B%g{)oi nt. Addition of ring conpounds to the SPK will result in
i ncrease epyp hohgeparatariy ussd thewptenlsremoyedea 2 varar i thg overheadstepm of e,

renevabl gn¢ eoARtRChLGoRNME" ' | -up
hydr ogen stream 42 a%%oob%hl gngﬁgﬁ]ys(r&‘r%%g?ro otﬁlé?%%%ecgbgageééﬁ%%ﬁé%hghe non-
pet r ol eummnfldighsends.kcatkion lox idee amd litdrdgan stifide al ddatanall yiht oosrhaatstrefm Gatal yst s
gener at es

hydr ogenat ed, deoxygenat e sel ecti.yel racked and isqmeri zed
reaction tg%%e@a@gﬁiln@é’ﬁf)mfﬂ.se \-V{ég‘b‘ﬁp% 8%&’%‘? ‘P’f‘é"é di‘ﬁ‘?rpge’iSH KA i nt o
sepangt OrredibvedBtbdicads SRA as RISSYikY. Bultdil QAMBirRUbinifiefRtd 63BN, | ght er

conponents are separated and renoved in |ine 22" Dependi ng upon 30whet her
the separ@¥dN MICpiRand WSAN 60/431.8 Hr cach herebmiteorpetated i referenenyinlie r enoved

TRAR N X . liquid in.|i | d
Capar ot o sh AP e calo O by REL R e IRRSEL SUGHR VR s aicveioplf " shown

may be r ewetheal fueam @é peipaocissidhdieighvendd be dreaeheath dpfiohdl BRam2ef6aARME SES a
excess hydrogen r]%%] eﬁons q}e?d in the reactions and the carbon dioxide from
the decarBB%yIsarssehbelQyck thsseparpar is opeiaisd as pRpiePEaAr 3 WASFORBYF if r om t he

excess hyedsedan HoepRABSoWRldad KROWel R ogh&a@l%%aih&ﬁﬁ&hé)&rw Jlic%“anﬁqueous
W ng-a SO,

i norgani ¢ 5al kal i ne solution, pressure sorption, etc.
absor pt i dndsgerhsubfidesssiubber, conpensed $westhe hphroasbaieseanedoifad with perighng
applicatigns USAN 12/193 1 nd USAN 12/193, 196, hereby incorporated by
refer encéag&’rrtw(silgt/Jn %Séeagwﬁ%%a %F?e"&!’ééﬂ lt‘r88f,1 SR MY e &GP%& Q‘F’b‘d Rfiricde can
be recoves adadny( g5egRNaIdhd fgsstitanSRRTonR ISP Btd Algd W diszro0 kP L&IL f0d hne 22
i s passed through a scrubber system 24 such as anine scrubbers to renove
car bon d2&@P ggg) i one embodiment, the temperature is from 150°C to 454°C ( 300°F to 850°F).
25 [0038]  The paraffins produced in the reaction zone are removed from the separator and
carried to a fractionation zone to separate the paraffins into different product ranges. Naphtha
and any LPG may be separated into an overhead stream from the fractionation zone. A
portion of the naphtha may be optionally conducted to the steam reforming zone. The range
of hydrocarbons that satisfy the requirements for a specific aviation fuel is removed from the
30 fractionation zone. If there are any paraffins that have boiling points higher than that of the

aviation fuel, those heavier paraffins may be removed in a bottoms stream from the
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toline 28 and hydrogen sulfide in Iine 26. Dependi ng upon the scrubber
technol ogy sel ected sone portion of water may al so be retained by the
scrubber. Hydrogen-rich gas is conducted via line 44 to ultinmately conbine
with feedstock 10. A small purge of stream 44 may be included (not shown)
to control recycle gas hydrogen purity. [00431A |iquid stream contai ning
jet fuel and diesel fuel range paraffins and sone |lighter ishydrocarbons is
renoved from separator 16 in line 20 and conducted to product fractionation
zone 30. Product fractjonatian zone. 30 %% erated so tha% product cut 34
contai ns TRSIGILIORF pHIOPerting Eaditiony o ﬁg‘gctﬁ’d@?mb?é)ﬁlsmaéi 5V neeting the

desired fiﬂé}&hﬂﬂ? uptiethe SeASLEY, Rttty paRFAEUWEheraidd indtfle ke 20a6 18 rfor use
as aviation fuel or as a bl ending conponent of aviation fuel. The lighter
mat eri al s desifer fugd tagamediced Hoord@® sgparatecthe desdres! hydrpeaehans irnge thersidep@. zone

over head m : i 2 conducted.in line 38 to
reform ng%zotr‘;‘g](aal 43%‘18%38’%%@%8%1@&{1@% %gamgyo%gngrz&xg&o gertt%prc%lr%i ne with
f eedstsock hitirogaptte thaaldrggenatiorddebeygandtion aoiie; Bombrifayioh as@l arr ta@esiveny be

introducegycéo ref onni ng. zone 4Q (not shown). |f desired, the naphtha and
rIRE 2eupan

LPG may b 19 200 A PG BIEHD FSHIEBEPIPeses 1§ @ eH Kk aW R chemeh REoKEss §8Tr eam (not
shown) . 25,4 ke 1 J i

Scoept abl o ol PHMRIREAnD AR hOR LolR s ch PRGN ord Bt iER ang

bot t oms  seareemaxdie miAtesr Aihydroodibdoind sfesmshik@emis 8Ralptipllpeeacted anhighed and used

as fuel s for example, law sul fur. heatjng oil .fuel, ethylene plant
f eedst oc k%é 8‘2‘5‘“{ %)q?rﬁrbéy%&gﬂ’ﬁndgﬁrcéﬁpp Ridesg fﬁ‘rb O’qu“{‘fia@fi 8@?‘?‘} %O’HH‘F'. It is
li keltp thSincdmht tadorming fe@aith Fsuohyly bRloaraaiR! 1l Audt 88 suppBedr® tk @KRnt OF a

di esel bl endi ng conponent. A portion of 30bottons stream 32 is recycled to

the react MEusoHel asRydstingdhe yhesdn p{urpase ar isémmet. Aepesifiatypaptteabe cool ed
down if n : . L0 . qui of ,the
reaction é%z?lzln 1%/%%?%2%&%@% Ff %ILO %ﬁg@ﬁ%&{rtkﬁhgég@@%ﬁwgﬁ %‘F’eg%?%%mquench
| i qui d f ofroreremniyingees refdingng ie chac the hedtisaippliva\byhiee partial dekice dorhbustibgof nl et
of the regcgi gn (zgonﬁ)eand/ or to any subseafuent beds or reactors. One benefit
of the hy'dF EESHERRYEFLonal 309 TobHPPAd T an exieiaslapwire I geograbdieoss t he

i ndi v duadmARest refdanm) abhicvad delenGHsSRE tedlpeMBwe SNE g bon
recycl e 5rrnéy be ries detger rln‘?nedg%ased upE)n t he %esi?%&qﬁsgﬁg%e%%gfg%ﬁl ity in
t he reactEBRCIRYrS imihd range pf AP e ISAXC e fpidahfyr s@wentionyl hydrocghers to resul t

in high s I Vi T\ iation. r araffins. Increasi t he hydrogen
sol ubi 11 T finerebulel pE R 07 ANERPB Rt SRomsBER TR et otia ' over
pr essur esknoamand boiserntablcand]ys® sie. sultihds Rk 120n WetphesbihtGiver@siyCcl € and

mai nt ai ni tii gh_levels of hydrogen in the liquid phase hel ps dissipate hot
spots at | 10c hyRifal¥natiylgatis thefaost prgderaigate firedsteghiig pissamatfonmigsi r abl e
heavy,co &Nk I G i , ! [ [ 0045] The
foll %3“ ngrm gd%?m@g@?usrqgrtﬂ ee enf gg“%ﬁ@ﬁ%@?%é@%ﬁl%& {(%lq%ﬁll; I’r?gg‘%td ?Jgfr?dand i s not
i nt ended raedughmanbhugentriaeil tiadnly ofithe neattien Waew Fad dxymplepiadhesdopgzeadtioh Rene,

invention_as set out in the a nd cl.al ns
propané is a commonq)y productpgfher 89 to JZ? paraffins may be present as well, These lighter

components may be separated from the desired portion of the deoxygenation effluent and routed

to the steam reforming zone for the generation of hydrogen. Similarly, paraffins having eight or
25 less carbon atoms from the effluent of the collective isomerization and selective hydrocracking

steps may be conducted to the reforming zone. Therefore, the lighter materials from the

deoxygenation, isomerization and hydrocracking zones are directed, along with stream, to a

reforming zone. In the reforming zone, the lighter hydrocarbons and steam are catalytically

reacted to form hydrogen and carbon oxides. The steam reforming product may be recycled to
30 any of the reaction zones to providé at least hydrogen to the reaction zone. Optionally, the

hydrogen may be separated from the carbon oxides generated in the steam reforming reaction,
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15EXAMPLE 1 [0046] Deoxygenati on, hydrogenation, selective hydrocracking,
and isonerization of refined-bleached-deodorized (RBD) soybean oil over
several different multifunctional catalysts was acconplished by flow ng the
RBD soybean oil down over the catalyst in a tubular furnace at a controlled
tenperature, pressure, space velocity, and H2/feed ratio. Each experinment
was 20run at nearly conpl ete deoxygenati on and hydrogenati on of the soybean

oil with a portion of the n-paraffins selectively hydrocracked tﬁ produce
The

' ffi ' ' ly 9.t0 18.carbon_at ons,
o e b B R R Ey b8 P SRRl s
renmoved aprotied friohmhRturdligleis Bh ehealite Rioukde@ng QbR edtds\iBwhed Q@érﬁi@ﬁde%ﬁss@% nction

[ d h | i ght products and light |1 quid phase paraffins. 2
TRBLE S Upenas 8 s chy sy Frecseqiied hidr st torathe ndesiod renewablo prodcts of

the reaction zones can decrease the cost of the process and make it more environmentally

5 friendly. This feature becomes more valuable when an external source of hydrogen is not readily
available. Another alternative is autothermal reforming, which has the added advantage of low
utilities costs.
[0041] In an alternative embodiment, catalytic reforming may be employed instead of steam
reforming. In a typical catalytic reforming zone, the reactions include dehydrogenation,

10 dehydrocyclizaton, isomerization and hydrocracking. The dehydrogenation reactions typically
will be the isomerization of alkylcyclopentanes to alkylcyclohexanes, the dehydrogenation of
paraffins to olefins, the dehydrogenation of cyclohexanes to alkylcycloparaffins and the
dehydrocyclization of acyclic paraffins and acyclic olefins to aromatics. The isomerization
reactions included isomerization of n-paraffins to isoparaffins, the hydroisomerization of olefins

15 to isoparaffins, and the isomerization of substituted aromatics. The hydrocracking reactions
include the hydrocracking of paraffins. The aromatization of the n-paraffins to aromatics is
generally considered to be highly desirable because of the high octane rating of the resulting
aromatic product. In this application, the hydrogen generated by the reactions is also a highly
desired product, for it is recycled to at least the deoxygenation zone. The hydrogen generated is

20 recycled to any of the reaction zones, the hydrogenation/deoxygenation zone, the isomerization
zone, and or the selective hydrocracking zone. The aromatics and cycloparaffins that are
generated would add to the gasoline fuel and or the aviation fuel depending upon boiling point.
Addition of ring compounds to the SPK will result in increase density, which may be desirable.
[0042]  Turning to the Figure, renewable feedstock 10 enters the reaction zone 12 along

25 with make-up hydrogen stream 42 and optional hydrocarbon recycle 46. Contacting the non-
petroleum feedstock with the multifunctional catalyst or set of catalysts generates
hydrogenated, deoxygenated, selectively cracked and isomerized reaction zone effluent 14.
Reaction zone effluent 14 is introduced into separator 16. Carbon oxides, possibly hydrogen
sulfide and C3 and lighter components are separated and removed in line 22. Depending upon

30 whether the separator is operated in a hot or cold mode, the water may be removed as a vapor

in line 22 (hot separator mode) or as a liquid in line 18 (cold separator mode). In hot separator
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500 LHSV, h-1 0.3 0.9 0.9 H2/feed scf/bbl 9000 4000 4500 Li uidield 91% 90%

71% Jet

10

15

20

25

30

ran .eield 24% 6% 5% iso/n jet range eroduct 4.5

mode, an additional stream (not shown) may be removed from 24 discussed below. The
overhead in line 22 comprises a excess hydrogen not consumed in the reactions and the
carbon dioxide from the decarboxylation reaction. The carbon dioxide can be removed from
the excess hydrogen by means well known in the art, reaction with an aqueous inorganic
alkaline solution, pressure swing absorption, etc. Also, absorption with an amine in processes
such as described in co-pending applications USAN 12/193,176 and USAN 12/193,196,
hereby incorporated by reference, may be employed. If desired, essentially pure carbon
dioxide can be recovered by regenerating the spent absorption media. Therefore line 22 is
passed through a scrubber system 24 such as amine scrubbers to remove carbon dioxide in
line 28 and hydrogen sulfide in line 26. Depending upon the scrubber technology selected
some portion of water may also be retained by the scrubber. Hydrogen-rich gas is conducted
via line 44 to ultimately combine with feedstock 10. A small purge of stream 44 may be
included (not shown) to control recycle gas hydrogen purity.

[0043] A liquid stream containing jet fuel and diesel fuel range paraffins and some lighter
hydrocarbons is removed from separator 16 in line 20 and conducted to product fractionation
zone 30. Product fractionation zone 30 is operated so that product cut 34 contains the
hydrocarbons in a boiling range most beneficial to meeting the desired aviation fuel
specifications. Product cut 34 is collected for use as aviation fuel or as a blending component
of aviation fuel. The lighter materials such as naphtha and LPG are removed in fractionation
zone overhead stream 36. A portion of stream 36 may be conducted in line 38 to reforming
zone 40, and hydrogen in line 42 may be recycled to combine with feedstock 10. Optionally,
an external source of hydrocarbon feed may be introduced to reforming zone 40 (not shown).
If desired, the naphtha and LPG may be further separated into an LPG stream and a naphtha
stream (not shown).

[0044] Hydrocarbons that have a boiling point higher than acceptable for the specification
of the aviation fuel are removed in bottoms stream 32. A portion of bottoms stream 32 may
be recovered and used as fuel such as, for example, low sulfur heating oil fuel, ethylene plant
feedstock, feed to lube plant, paraffinic solvent or dielectric oil. It is likely that bottoms
stream 32 may be acceptable for use as diesel or a diesel blending component. A portion of
bottoms stream 32 is recycled to the reaction zone. A portion of a hydrocarbon stream may

also be cooled down if necessary and used as cool quench liquid between beds of the reaction
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zone to further control the heat of reaction and provide quench liquid for emergencies. The
recycle stream may be introduced to the inlet of the reaction zone and/or to any subsequent
beds or reactors. One benefit of the hydrocarbon recycle is to control the temperature rise
across the individual beds. However, as discussed above, the amount of hydrocarbon recycle
may be is determined based upon the desired hydrogen solubility in the reaction zone and to
minimize the cracking severity per pass to result in high selectivity to aviation range
paraffins. Increasing the hydrogen solubility in the reaction mixture allows for successful
operation at Jower pressures, and thus reduced cost. Operating with high recycle and
maintaining high levels of hydrogen in the liquid phase helps dissipate hot spots at the
catalyst surface and reduces the formation of undesirable heavy components which lead to
coking and catalyst deactivation.

[0045] The following example is presented in illustration of this invention and is not
intended as an undue limitation on the generally broad scope of the invention as set out in the

appended claims.
EXAMPLE 1

[0046] Deoxygenation, hydrogenation, selective hydrocracking, and isomerization of
refined-bleached-deodorized (RBD) soybean oil over several different multifunctional catalysts
was accomplished by flowing the RBD soybean oil down over the catalyst in a tubular furnace
at a controlled temperature, pressure, space velocity, and Hy/feed ratio. Each experiment was
run at nearly complete deoxygenation and hydrogenation of the soybean oil with a portion of the
n-paraffins selectively hydrocracked to produce jet range paraffins having approximately 9 to
18 carbon atoms. The deoxygenation products included CO, CO,, H,0, and propane; sulfur was
removed as HaS. Other side products of the selective hydrocracking function include gas

phase light products and light liquid phase paraffins.
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5100471Deoxygenat i on, hydrogenation, selective hydrocracki ng, and

i sonerization of refined-bl eached-deodorized (RBD) soybean oil over two
different nultifunctional catalysts in series was acconplished by flow ng
t he RBD soybean oil down over two different catalysts in series ( catal yst
1 and catalyst 2 ) in a tubular furnace at a controlled tenperature,
pressure, space velocity, and 142/feed ratio. The experiment was run at
nearly conpl ete deoxygenation and |t)hydrogenation of the soybean oil wth
a portion of the n-paraffins selecti vellﬁiﬁgdr ocracked to produce jet range
paraffins having approximately 9 to 18\ on atons. The deoxygenati on
products included EO—CO-—~+—1420,—and propane,—sulfur was remgved as 1-12S.
O her side pr oduct S_‘Q_f_mysén! ecltive Ah\]lr‘lrrr‘r acBina unctG on_i ncl ude gas

phase |ight producks SPREEWEXs) |} qui¥WOphade pAPRffihs  38le |2 summari zes
corldeEVB RS nd

reactor operating B4R ndl resfPor affl 580t 15yi e8WMs ad wt . - % of
soybean oi| feedstck Hi¥ehdsed | 20 0-F5ABLE 2 Phmerntur®9(C) [Cat. 1 332C

Cat. 2 398C Pressu@éﬁ%}&ﬁf@ﬁuw% ) CH00" 1 N 5 4600 1.0 H/feed
(scf/bbl) 5000 H20 idYield 91% 90% 71%

D).

Jet range yield 24% 16% 5%
iso/n jet range
product 4.5 2.1 0.8
iso/n diesel range 0.5 0.4 0.5
Lights (liquid) 17% 6.2% 0.4%
Lights (total) 26% 16% 29%
% DeOx 97% 98% 95%

EXAMPLE 2

5 [0047] Deoxygenation, hydrogenation, selective hydrocracking, and isomerization of
refined-bleached-deodorized (RBD) soybean oil over two different multifunctional catalysts in
series was accomplished by flowing the RBD soybean oil down over two different catalysts in
series ( catalyst 1 and catalyst 2 ) in a tubular furnace at a controlled temperature, pressure,
space velocity, and Hy/feed ratio. The experiment was run at nearly complete deoxygenation and

10 hydrogenation of the soybean oil with a portion of the n-paraffins selectively hydrocracked to
produce jet range paraffins having approximately 9 to 18 carbon atoms. The deoxygenation
products included CO, CO,, H,0, and propane; sulfur was removed as H,S. Other side
products of the selective hydrocracking function include gas phase light products and light
liquid phase paraffins. Table 2 summarizes reactor operating conditions and reactor effluent

15 yields as wt.-% of soybean oil feedstock processed.
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13.7 wt.- 1/0 O 1.0 C2 0.4 C3 7.0 iC4 2.0 nC4 1.6 Naphtha (nC5-132C) 13.4

Avi ation (132C 279C) Di esel

f eedst ock,

(279C+) 54.7 10 The invention clained is:

process for produci ng a hydrocarbon product streamfrom a renewabl e
t he hydrocarbon product stream conprising hydrocarbons havi ng
sai d process conpri sing;

boiling points in the aviation fuel range,

TABLE 2
Cat, 1 332°C
Temperature (°C) Cat. 2 398°C
Pressure (kPag) 5171
Cat. 1 0.5 Cat.
LHSV (h) 2 1.0
H2/feed (scffbbl) 5000
H20 + CO2 13.7 wt.-%
C1 1.0
C2 0.4
C3 7.0
iC4 2.0
nC4 1.6
Naphtha (nC5-132°C) 13.4
Aviation (132°C-279°C) 54.7
Diesel (279°C+) 10

1. A



a) hydrogenati ng, deoxygenating, isonerizing, and selectively hydrocracking
the renewabl e feedstock in a reaction zone in the presence of hydrogen and
at reaction conditions, by contacting the renewable feedstock with a

mul ti functional catalyst or a set of catal ysts having hydrogenati on,
deoxygenatheinyentisogfeimedds i on, and sel ective hydrocracking functions to
provide a reaction effluent conprising water, carbon oxides, |ight

hydr ocar bom grasss $or pnydditiag @ mydmdcarpar arbéuat steedny foro e aerisomableviémsistick, théie

deoxy genahydRgtafRAprddseSstraim|compiisiftyitidatameyg iy toiting pbiptssetharaatatioy t he
wat er, cafbranddX k48 prockdsHomphyig;ocar bon gasses, and hydrogen fromthe
reaction effluent to generate a streamconprising the paraffinic

hydr ocar baytsirogenatiag progtgengting hisors¢rizegnamsosgacliedlyniydtdeeackiag &fef iengwable

hydr ocar bfeségstédh i@ Reiciidrezdnbén thy resercdes hy@opgehuani at eaptiansionditibrysdbpcar bons
havi ng boédntdtgnd®k Rérewiable fdirisek @it & multiektisrangeslysior dsetoneatalysts havng
conpri si ngydRRRAAIA; dedRgyehatRsH, TsBATiZkibR HRY @@I@ﬁWb%t@@cr@Wﬁﬁcﬂbﬁs avi ng

boi I'i ng pgbitiea Péagbc% effitADcdnBisRY waltdr Caron@xidB®)lightHgdidearBbn paewas; d)

i : wh inth
vol urre P%’gﬁgﬂf@ﬁf@% SR U e e o A

about 8: recovering the hydrocarbon product stream 2. The
process ofy s%bé’r.b{iﬂg]{he\.‘%feﬁicﬂrbbh%xiﬂyé,Tligl’;t%?%i:é?ﬂéﬂ 9588 kNG hydbgenatonpihecat al yst s
conpri e CAHRARAINER 15 GLRFHED SrEAHIbREHSHOHR p&ARlcHyiBCarBonsiobl e metal s,

sul fided neta ase netals, Zeolites, non-crystalline

si | i ca- al yrepastingdnélsitdaridondsising thelRRaffiiORRISCations tagenedatarner ei n

hydr ocar bgjarReREH ploddticBApHS R dr&@fboR haVind Bting $Yinfdn tHeiztbAlel 6 t 0 about
24 carbony é),gﬁnvéghe reaﬁwqﬁﬁﬁlﬁsiﬂé fgﬂh%xar;rhad #Bairs el Byfrighg! bon product
The process pgﬁg@f gi%n df"@?tp @?s @%ﬁpgh%g}%g%'gﬁﬁeg%@w#{nﬁe npg'edstock in a
pretreat nBREcEMIS Fortidh o tHestBRB str &M B thb AdkRtidrOz0n8 WR¥RIrAthe bE1BME rtiosIr t i on
of contam, Qetsttﬁ redlistobCisiPRETARS 0r about HRE tgra?glg?;;%f‘ndd aim1 where the

pretreat nmen ep conprises contacting t ock with an acidic ion
exchange ¢)esdRerith@fydlocsontpréiuct feaeachi ng earth material . 7. The
process of claim1 where dewygenation further conprises at | east one of
decar boxyl ati on, or decarbonyl ati on. 8. The process of claim1 wherein
t he renewabl e feedstock is in a mxture or co-feed wwth a petrol eum

hydr ocar bprht greéOstclaint A hb R A huRlfeHendrdy sitagaioboa of eRalgito emprise
CO- pr ocesgfhtholbitd sdifiGed RO IRAYr6ud &RERERTDS nobl meldis stifishnstarf sulfRbim 1
wher ein the, LRGSR, fodl ﬁ&ggr&gglﬁ%é;f]ﬁgéfdltﬁﬁﬁa@tané S@ﬁﬁna@.ﬂe conponent sel ect ed

fromthe group cdnsisting ol a ol corn ol soy oils, rapeseed oil,
soybean oj col za qi all oil.  sunflower oil, henpseed oi aolive oil,

| i nseed o#'ILr,he PBEBHLA clgfm% W@ﬁ%ef'bwd{)‘?cla&oﬂe?écﬁ{%t yepm CBE'B egiqa?af}r'ﬁf’sqag'rn g oil,
cot t onsedfPrbpipout § 1 ahaut zf/@lrﬁ’%\/\?ta'ﬁ& brown greases, lard, train oil, fats in

mlk, fish oil, algal oil, sewage sludge, cuphea oil, canelina oil,
j at r opha %iThe pgesseaf clainh 1 whatsinstbe hpdrpcarper predick streasy ¢raPrises Paraiias cr ambe
oi | . 10.haVing fromoabestss ofabolitdibmatbdnatenher conpri si ng co-feedi ng or m xing

wi th the renewabl e feedstock, a conmponent selected fromthe group

consi st i rg TAE pldcass dislafen furddr EsmpRsHigrd-ireating e foédstuzilin apretrabtuteat gas

fol I ovned Jye at slowmettheRBhdilichd®d Amidvent lehstGidifonds EbntadinhAtd M the
depolyneqé&ﬁ%ﬁgn, thermal or chemical, of waste plastics; and other
synthetic olls generated as byproducts from petrochem cal and chem cal
processe 11. The C of I j i fl uent
Further St proseety LA T RRaR ng bk hel b bdhkiols LAREUNGIRAGAREK | 7
zone ef f &R 3% '8'2)ﬁ’6‘§8't‘%? epig: 2 L3R A LAY L Y8 oduce at | east
hydr ogen, and said hydrogen being recycled to at | east the reaction zone.
12. The grdbeBwcess Araimy whascteorygeppionfadnar comprissaat lepsticgrt furt her

provi des deagraexyiation leadpeasbaytation.8 or | ess carbon atoms which are separ at ed
from paraffins having about 9 or nore carbon atons, the paraffins having
about 8 or |ess carbon atons being conducted to a steamreform ng zone to
produce at |east hydrogen, said hydrogen being recycled to at |east the
reaction zone. 13. The process of clai Af12 wherein the hydr ocar bons havi ng
about 8 or |less carbon atons are separated into a vapor stream conprising
paraffins having about 5 or fewer carbon atons froma liquid stream
conprising paraffins having about 6 or greater carbon atons, with the vapor
stream bei ng cool ed, condensed and conducted to the steamreform ng zone.
14. The process of claim 13 wherein the liquid steamis collected as
product or further refined. 15. The process of claim 1l further conprising
m xi ng one or nore additives to the hydrocarbon product stream



8. The process of claim 1 wherein the renewable feedstock is in a mixture or co-feed with a
petroleum hydrocarbon feedstock, and the petroleum hydrocarbon feedstock is co-
processed with the renewable feedstock.

9. The process of claim 1 wherein the renewable feedstock comprises at least one
component selected from the group consisting of canola oil, corn oil, soy oils, rapeseed oil,
soybean oil, colza oil, tall oil, sunflower oil, hempseed oil, olive oil, linseed oil, coconut oil,
castor oil, peanut oil, palm oil, mustard oil, cottonseed oil, tallow, yellow and brown greases,
lard, train oil, fats in milk, fish oil, algal oil, sewage sludge, cuphea oil, camelina oil, jatropha
oil, curcas oil, babassu oil, palm oil, kernel oil, and crambe oil.

10. The process of claim 1 further comprising co-feeding or mixing with the renewable
feedstock, a component selected from the group consisting of liquids derived from
gasification of coal or natural gas followed by a downstream liquefaction; liquids derived from
depolymerization, thermal or chemical, of waste plastics; and other synthetic oils generated
as byproducts from petrochemical and chemical processes.

11. The process of claim 1 wherein the reaction zone effluent further comprises at least
propane which is separated from the reaction zone effluent and conducted to a steam
reforming zone to produce at least hydrogen, and said hydrogen being recycled to at least
the reaction zone.

12. The process of claim 1 wherein the reaction zone effluent further provides paraffins
having about 8 or less carbon atoms which are separated from paraffins having about 9 or
more carbon atoms, the paraffins having about 8 or less carbon atoms being conducted to a
steam reforming zone to produce at least hydrogen, said hydrogen being recycled to at least
the reaction zone.

13. The process of claim 12 wherein the hydrocarbons having about 8 or less carbon atoms
are separated into a vapor stream comprising paraffins having about 5 or fewer carbon
atoms from a liquid stream comprising paraffins having about 6 or greater carbon atoms,
with the vapor stream being cooled, condensed and conducted to the steam reforming zone.

14. The process of claim 13 wherein the liquid steam is collected as product or further
refined.

15. The process of claim 1 further comprising mixing one or more additives to the
hydrocarbon product stream.



