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PRODUCTI ON OF AVI ATI ON FUEL FROM RENEWABLE FEEDSTOCKS
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR
WORELOBMENT [ 0001] This invention was nmade unPEr/usived/037066
support of the United States Governnent, United States
Arny Research Ofice, with financial support from
DARPA, Agreenent Nunmber W1 1NF-07-C-0049. The United
States Government has certain rights in the invention
BACRGRUUNDION OHE VIAVENTYIFONEI] BROR] RENEWABIEFEEDSTOCKS
relates to a process for producing hydrocarbons usef ul
as fuel, such as aviation fuel, fromrenewabl e
f eedst ockSTATEMENT RES ARG FEBERAID Y SPONSUREDACi ds

found in material RESEARCRPOR BRVERLDPMENTSh oi 'S,
animal fats, and greases. The process invol ves

hydr ogenati on, decarboxyl ati on, decarbonyl ati on,
lﬂﬂﬂéﬁ d/ oFhipyRicaHed Ry B1ade Mader theappers ohibieilmteil Statessevernment,
S8l ' j ing in Si eaction
R AT e R

Nunig2 GV 9r 1 NI 030004 The Pin@ed SRS IGUVeM@SHe hs ceFfafh rights in the
sel ective hydrocracking reaction optimally provides

invegHanhydr ocr acki ng event per nol ecul e. An integrated
reformng step or a steamreformng step may be

optionally enpl gﬁﬁéﬁﬁ%ﬂ?@f@@gﬁﬁﬁéﬁ portion of

the hydrogen that 1s chemca I'n reaction
stage. [0003] As the denand for fuels such as aviation
[00(R2)iel Tins ire@aten whatésdniadrodehefoe pralutinghgasicR®ohiRi8 3t fuel, such

i.n. sources other than petroleumcrude oil for )
as ab‘ﬁ%wgﬁeﬁ gmfrh@nm%lrl? feodetogkicmcly authe @lyceridgsnd frgs f¥Beasids found
: 4 | & f ocks. e e .
R A B T ol AR LRAR T Tgpessy myeirgs
hydwgertutias, doaboxylation do@rbaghmebh nmd/of Apésaeskygeminioha,
soybean and algal oils, aninmal fats such as tall ow,
hydrojsgpegzationa sl SFlscieBydiagneking peeamrnesin@rsinge jrartiastaged The
: ol eat ur e o
s o S B A AP et g D AT R R e
seledive hgdbctackinglryaweaon dpsmally gevidas biye aairetsadkiniYdvent per molecule.
Anot her ¢l ass of conpounds appropriate for these
An lﬁ%@é%’srégomgt& Sfent adteank jatoraung piep pRRREPPtigRaly eagployed to

i - . i et hyl.
sk 1B e L TR AR5 Do e

[0003] i phad ihe demnhd fordtiels REch@e Aeiaabh fuehaiidagesiwaawidé theddis
. carbon atonms. The aliphatic carbon chains in the
INCTegRAg dpPigeisin SETags other t rojexm grade il fpraaredncing the fieel, One such

sourfl 1 vHat PR peet BIRLY ';é’}xte%ble 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
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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Most of the glycerides in the renewabl e feed stocks
will be triglycerides, but sone of theglycerides in

wao beonswwenabl e feedst ock may be nonogl yceri desP@r/US2009/037066
di gl ycerides. The nonogl ycerides and di gl yceri des can
be processed along with the triglycerides. [0004]
There are reports disclosing the production of
hydrocarbons fromoils. For exanple, US 4, 300, 009

glycdiides| io slesrenéreahls feedftods may bé hioneglatarides osdiglycatides. The

zeplites to convert plant oils such as corn oil to
mongpe F%‘gﬁs 6‘8& élggmﬁd%%cpagig&f?%seé ngrveth thsltaglycrsidless
r ax . [ ' of
[00¥% = Thézpire stftndh AR Aot pRGAGT of IRy RS HOAMGR! For
exathyldy O MO XOriisclsgethahlse oberystaldive hluasinesilivakeazedtites to convert

sunflower oil. Finally, US 2004/0230085 Al discl oses a
plang pHERIch ap G lighyREPCADRY TS AP BB lie Apbehamicads such as para-

xyle_m:.quS) gj9§§,|6.09 'iﬂsgi[og%sgéf BYOQIHJQ@&PW\AEIQ%)%Q g];r.[%drdlc%v}ﬁ echiesel boiling

| soner i zati on. A process ses a
ranggibydlyéropemetsiigvegonblet dlsBych aganaker sagowgenaFally, US

i sonerize and sel ectively hydrocrack a renewabl e S
2004 BLEB5 A Tipslorss aarodess et gRaFssoBIIpR slislogica

. j ' i W I.hts in the aviation
ongpﬁ§Pﬂ?g%%g z%h%%gw%ggggﬁg¥gpﬁﬁggﬁg%hydrocarbon pr oduct
[00053 usA&fpubcessswhith @uindtisdn dinigé reaatti@zoaeit@hid@Bgdnd@), deoxygenate,
. bl ending conmponent. Sinply deoxygenating the renewabl e
isonjegigg dncriectively hydencegka f@i*ﬁﬂatblﬂf)é@iﬂoqknmt Fidergp @sraiate aof
reat| : . | ' traight chain .
byl PRORR ORI A SO B, SLAELA PR ey
provsdedriiessin tTiRrhydidegrboatpryduacis disefanyasi dvi@idndheltdd@n aviation fuel
f eedstock. Wth many feedstocks, this approach may
blendigg spmpppens. HrEHIEIOXKEARHBE His rapsyrabis fieadséockdn B dwdisigen n
. - ' I [ t h .
env AL 08 RPN 40l PR Dy gy o
havihy diiaic-i@gkisngnil@act draligh®oihoesr thae, thafdagnckindintposidgloh the
to maximze the selectivity to aviation fuel range
feedpjaeka W ith 12 faedstarks, Ml anmEOach Wy Tapiieia @ nipdugk hejring an appropriate
carngg glgafﬁ? I‘e?gtth: f‘g}?] g?feéé?hélggut?llrog gl\ée\gtix{pcggti[nﬁ I?)/elc oéaglgn{[tg)? l_an aviation fuel.
The Stleai®s $fydiloksackinp demetiome:dubs thegutbéeehaieREEIAO $ndxinie the
single reaction zone can result in a |ower capital and
sele@iydty & rrighienodel wpgeparaifias while apningialg lewennaiepgasweight products.
e A T e
Sucdedlygandtidiy, thé fduirb@rday i ah agkighOeAi@dRlZoAE 8an teBulPRM lower
_enbodi nent, a portion of the effluent of the reaction
capitabifl qpsratige geststuetyre: ha apiigaalirelermingestepThsteani igfreming step may
.ratio of r I rocarbon to,feedstock ranges from
be infi oG By K BLPARUE T L R FBLHE™, AR T e
hydré@ackihORtag@e. &P hdbiingent, aSRortib 6 B ElueRCMNEIFQBEh zone is

solubility and nmore unifornly distribute the heat of
recy@ledyierthe reation zame. 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

equipment, less excess hydrogen, a lower operating pressure, less utilities, or any combination
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reaction mxture. As a result of the recycle, sone
enbodi nents may use | ess processing equi pnment, |ess
we@x@wedsiehydr ogen, a | ower operating pressure, PEBES2009/037066
utilities, or any conbinati onof the above. |In another
enbodi nent, hydrogen may be supplied by integrating
the process into an existing hydrogen generating
facility such as a refinery. SUWARY OF THE | NVENTI ON
of tHeD06¢. [Mhrotpenaelaslimentf bydrpgenduay begsupp gt omeagboing the process
product froma renewabl e feedstock, the hydrocarbon
““Oﬁp&6ﬁ89g YIFORTIS BRGNS F ity 51 Z“Hﬂ@ﬁﬁﬁyb0|llng poi nt s
in the aviation fuel range. The process conprises
hydrogenating, desxv@eRaRY O mgﬂﬁwﬂmﬁm
decar boxyl ati on, decarbonylation, and
hydr odeoxygenati on), isonerizing, and selectively
[0006} dr oEhapioceny it foe pragheinglal hy dfceerdbot podduchframragandwabke feedstock,

e i,n the resence o and at . reaction
the Qoo S ) SRR SE it e RGP LRt Buke dyigtion fue
ran% T probdRebinBN&ds. lﬁfﬁﬁ%@(ﬁﬁlg%eo@?g&tatlﬂé (1ﬁ<§{1@i!n§ AbSirboxylation,
avi ng hydrogenati on, "deoxygenation, Tsomerization,

decaah@yé@ioecandke/dmdﬂ;pmgea@tkomgsémmhg) rnad seeqively ld@rarracking the
reaction effluent .conpri.sing water rbon oxi des,

renciif e i B IR E A R RIF e L P P fegction conditions,

by cBMEAEQEARE AR wallRGedRicRk w1@13d' AR AR B8RS cataly3br a set of catalysts
hydr ocar bon gasses, and hydrogen are separateofl from

havinp bydregatation, debkygesntiort, ¢sogenigataing and ddleptive hgdmemoking functions

conprising t araffi.ni c hydrocarbons. The. stream
to RGBT SRR Spr e A goan s, e B APt ot gagees.
hydi@8aeARE FardfiRidAFREAORE nflﬁrvm&céarﬁml?ise ﬂgl\)/tl hgdrocarbon gasses,

hydr ocar bons having boiling points in
and hydsbgenamg espasatedbfremhbactagtionedfuan npgéreratea hq;mldtstraarp @othprising

a tt st ream_conpri sin nent s_havi |I|n

the s TR b P AR PP RE G BB g BORES 1 Separated
L§
to gé[lﬁ%@ihe-ﬁﬁﬁ%o%gx@gﬁg%*ﬂ%&??ﬁﬁﬂ% hﬁ:ﬁ%ﬁﬁ;g?é ﬁ?f"%g‘?‘g{‘g Pomts in the
aviagemnBrehtaage:ian avathend &toetamnwmpmmg mphthayaldedbdtmntshsream
reaction zone wth a. volune ratio of recycle to

Comf”éeﬂ% f%‘ERo‘}eH‘Stlﬁ‘émlg&rﬁ’&g’gd%m‘ﬁs iggey; Jargthe aviptign é‘é?l bpging point
rmgenﬁﬁﬁ%%ﬁxﬁﬁ%n%@&ﬂgthh%ﬁl@@aﬂ%&%@gen i n deoxygenation

reacti'on mxture and to mnimze the severity of the
[000f7y dr dorac kinbgdipent, passtion of thepirhffins ganatedanthe thiRtion zone is

vq%qu rati.o of recycle to fee tock in the range of
recygleq 1q e gEaption-pene Wil & VRIMSGRES BheBycls todfepsiiosknp A range of 0.L:1
to SACRLL&L €S 1ﬂc?eats@ﬁ1§, g@ﬂﬂ:ﬁlt Bf ﬁﬁﬁ Ay d% h H]ga%oﬂlreacﬁgn thixture and

portion of the rocar |ng |ng
to mhiigkverth¢ Seanrignafahd lomircﬁamdkmgﬁﬁbr Ppdsi Dfr&iotlreefeﬁlbmhﬁ@noﬂle volume
p may be included in aorde

st.eam ref ing s to
ratio f gefyels 9 &‘&Eﬁ@g‘ﬁ "‘ntg% §E8E Ph 2 hie Ryldl By Eﬁml%aomon of the paraffins
geneﬁaggﬁﬁglﬁ@ Aok R5h zdh¥ %281' 1ﬁ8ﬂ§e§ hiratd PshioRBFmS %581%%5%8115 having boiling

rocracki ng react
points higher than aviation fuel. An optlonal reforming or steam reforming step may be

included in order to produce hydrogen needed in the hydrogenation, deoxygenation,

hydroisomerization, and selective hydrocracking reactions.
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BRI EF DESCRI PTI ON OF THE DRAW N 0008] The Figure is a
general flow schene diagram of the invention including
wo b@ooptspdnal steam reform ng zone and the hydPODES1H091037066

recycl e. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0009]

As stated, the present invention relates to a process

for produci ng a hydrocarbon product stream havi ng

hydrocarbons with boiling points in the aviation fue
[0008IngeThe Bigureeinavgahirel flee ddteackdagumaif tigd inngnhtfonamaluding the

plants or_animals other than petrol eum f eedstocks.
Op“‘?ﬂgrsg’%]rr@ ‘i@é“W&EQF@&WdWWWe‘% Cuseful as an

avi ation fuel or an aviation fuel blending conponent.

The term I cgnpbii®D BEAPRIFHAN OFPARE INYENTTONC®
f eedst ocks ot her than those obtaine clilltlrect &)?from

petrol eum crude oil. Another termthat has been used

[0099Y dedsriabd, tﬂqimeschtaissemibnfréemés tcoa:}m)céss forepredwdihea hadrscarbon
st ocks th can b§ used in

prodl nﬂ“ﬁﬂ'@'&@&){fﬂ% s Wﬁ{h%gl@geﬁwmafn g¥tighfushrange from
ren&&%‘ﬁ@ﬂe&%t@k&’ 6§§ﬂng§§g R4 Jidfe€orl zﬁ‘ﬁxfﬁ(ls %ﬁieg ﬁltaﬁ':r'e::tg%lﬁ%rtn feedstocks.

Exanpl es of these feedstocks include

Theteforettlechtdogcacamairadait Is, useful as @i dviatioyfueli drapn avaypies &&d blending
| za O] tall oi] unf | ower _ oi

conpas SR 6 et iulE Festntock i mell melide FatksGier thn those
obtRA Hec® fron%@x%l&mpérhde in,?ﬂd?l'lér te dﬂ’gﬁtdﬂ[aq bRk used to describe this

cottonseed oil, tallow, yellow an rown greas

clas$ af @edstodkis ms mnd:walﬂafass atmi ofisl 'IKhe fenewatde Feedstbgdal thatlchn be used in
sewage sl udge, he melina oil, jatropha oil,

the SEIR BROr BUEE T G Fose il RePiate Bbideriigy s edriy dcids

(FF@)" Exhin glels ot ﬁws@fe@fiﬁ@ﬁ&%l@dé ﬁlétaié?fl&q[m%es ! %}éﬁ% &12 com oil, soy

descri be these feedstocks. ycer|i
oils frapqsyedaml doﬁjdayblle@ﬂmml talf oif,kenfloypéradl, hmagmeabil,eolm:eloil linseed

) [ fat .contain_ a tic hydrocarbon chai ns
oil. gt <BF G DAL R o8: 1ol Wb CpB st Wiew. sellow
and Hﬁiv&hr grEé’slelax{ihﬁ"alﬁ 'olllsfa@soiﬂtrﬁl'lﬁ‘ 'fﬂ ol g al(b n?ﬁ%@{e g@,ZCPBﬁea oil,

fatty acids with and 18 car on a
camelafaesl $atmfpha ed,ewnd:ﬂs @ilf badstuadk @a]anlderﬁds;si lcrahﬂ)eloﬂ and the like.
[ ocar bons tdé al so be used as_th

. d
Bioregy eo‘él? § Herm prsedferdsege! s&hﬁﬁeﬁf’é‘ﬁﬁ@clv%Tb%gWﬁW&é FFAs, and
fatt))%%ﬁfjalkﬁ%@t%f‘s' gfe hﬁ)éitg? eag %%eée( S@gﬂ BPEEHHBFf&E 861Ra1ﬁ%ﬂpha{i%tﬂggfbcarbon

wth the abo tocks, 1nc e spen

chaigd in theidstruntius twhich have 8 ioc ahtabon seehsparttad fiajorivpsede oils
asification of coal bi omass, or

| i quids derived fro
contigihigih ERCeRE BB BY 25/ Oriod HBIchuE iR, Sfixbteer co-
feed? Hlel?:nééaﬁi: fehGhalr 2056011 &4 I?l@xlqlz ﬁééaﬂ)l&lg ?nag?:[so\ﬁ%%sed as the
rom depol ynmeri zation, ther or °c
feedqﬂbds Otlos fe&dstBCBSOmpr)ﬁmm)\pmlcE ey beivgéd, dgiesially as a co-feed

yet hyl .and | ow density pol é)@t hyl ene; and ot her
ComEWh@tqo %éfi*qt@nd\élﬂléha@'é‘bvedsﬁqé Brdstasks. gnglydsnipent motor oil and

indultghf lgﬁﬁgﬂi'ts‘,: ﬁged%gafﬁﬂ %8@ lth{dQ Q& rom g%stlﬁga%on of coal, biomass,

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

co-feed component is the transformation of what has been considered to be a waste product
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of the above feedstocks nmay al so be used as co-feed
conponents. One advantage of using a co-feed conponent
w0 2000he1600 ansf or mat i on of what has been consi deCEUS1009/037066
be a waste productfroma fossil fuel based or other
process into a val uable co-feed conponent to the
current process. [0010] The hydrocarbon product stream
generated in the present invention is suitable for, or
fromg fessh fies diaseg ar ottpo pantssfiot,a udeblsuefeedsomporant at theurrent
fuel . Dependi ng upon the application, various
PIOSERYi ti ves may be conbined with the fuel conposition
ner
00 e s o Thod TR, R R RRRERRITR i or. o

as al’mjaﬂldmgabmpnnqm bt s atchaaan @\aﬁlﬁ)“naﬁleld Dbpefnﬂiﬂg upofiitle #Plication,
is a bl ending conpaonent for, may be conbi ned

vasiiy eﬁldtswss BRY Rprambied vith e fug cagw@@ma@n gaigEedyn erdsr to meet
reqlﬁ%{ %légf gﬁ&ﬁgﬁ@g&kﬁ&&k? i s, ’/'}}{' @d‘f‘ocat%%g pisoduct stream

t an bine Fuel’, V|a I'on Kerose
genciyipé herddtcofplieNATR) ic 0 dRning EOmEc-)rB:ﬁt folr-or 3fayA¥éi dtnb@idd with one or
Fuel Quality Requirenents for Jointly Operated Systens

more adifiyescn g@&q L4yt one OB by T 365 L peniipaiaigr Bevfatign Zprbine Fucls

\’ t C C
Dt B0 STE0) BufRT AR P SORE W VA s . o -
37 AMatmn(Hmbl Qymy anlaﬂanwms@&r\yo@@@&razad Maﬁs (oamtT ORkNR) A
uel,, Kerosene Type M L-DTL-83133, JP-8 DTL-
Coméslzﬂon ofpA3T™M ﬁﬂdéjvecfg&m requisesients GREp é@@%&b@@l dpecifications

RoSHTCITRRR NS850 ity BTl ULl o
CAN%]GSBFBIJQB Qvvaatfoin Meisbibd Pwd] S érodene TypeMIETPHERE] 3AVIRS | MIL-DTL-
rbine Fuels of other countries, neeting the genera

562@ IRede 7 SQNYdrfBzdl) Farectfeacande Querogene de faiacay Nend Jergugl
(Chl%é‘s% §cc@§h%§f(§l§&%g E‘ég ?34@?@3&2 ac'%%&rel;o a!Tgrbomachmes

ation bi ne ecli e avi a

'Affluﬁbn W?p@ﬁﬁt@ﬁﬁielyvlitﬁmﬁﬁdbmb Bliel§ uﬂbtherh,ﬁﬁﬁhes andtifid®e general
is nmeant to encoqgass avi ati on fue

BT R TRHH BT debi 1P ek 15 s 2t 55e sediscadin i IATA Guidance
Mat&fb‘f M 3atid ?I i 1*- PJI ﬁg&ilﬂg’a?gpﬁgfh@ ap a?l g %u isC Cﬁ‘% rgggrt]eté‘med ‘Jet

an avl a e specl
fuel’Atksteini avié sShen@s bt Agded nicant tb%nj:(ﬁhpzfsbl a{llatlbh ﬁfeﬂ fleetint} the
neet. particul ar_specifications. One partlcular type of
SPCC}f&aUPIEﬁeﬁbOV‘é agwelg as ieamcpmpassyavipripn fuel ysegmsqi Hlending enmponent of

t ra
o ok P AR Lo Bl B0 ARl ot
ordebyo hbe pbicuRd sfcaicatofs0 Oae paRtilar Eg»@ of ye fuddiOug ek fined by
fromglycerides or FAA as described herein is very

Miliggry,Spegtfiqagion Mpa BE S hI S uhoseuilary e taess ighéywrefined
ko by SR R AR S ST BB TR B
from dydefide Po1ESLATas dEdeEBEd ﬁ’é}elﬂﬁy Vé‘t? Ringil ¥ t& 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
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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variety of inpurities. For exanple, tall oil is a by
product of the wood processing industry and tall oi

W@ o0wasweo esters and rosin acids in addition tRPCFBES09/037066
Rosin acids are cyclic carboxylic acids. The renewabl e
feedst ocks may al so contain contam nants such as
al kali netals, e.g. sodium and potassi um phosphorous
as well as solids, water and detergents. An optiona

stepfi$ wogtmbepas sutlhoof thawvenasnimehaofossibkes One pogsibie pantstment step

S possi bl e [ retreatnent step involves

. On b

o Bt o RBRIL LG SR B e

zond étgfr&%%%t}ﬁm Cohdifibik. THe ﬁ)npé')ﬁhﬁlfg%tr&qﬁ‘ bs #OMi@lon exchange resin such
prétreat ment conditions. the ion-exchange resin is-an

as Aadiediygt1-0f aed chrabgesedes ibed irchreastoAtberdhyslich te-fadlsank is

C be used as_a bed in_a reactor through which the
flowed dyeyt Brther Uprigwer dominglayh Angihehishnigtq Biplyes contacting the

f c i e.j . ot
ene U oINS LSO Ll on
[0012¢Nnt oAndtRergioayibleimeans Porat meaihgeohtamimats ik QOdiR] achkh@tdhe This is
possi bl e neans for renpving contam nants is a mld )
carrigd Yt pRARTaciAg he fgedsigokivatl g acibiuchon s wlyrio gitiipghosphoric, or
hydrt)ﬁxﬂgﬁ% Qr?d(wmel' f&aa‘aﬁ qh3 léGilai §6ﬂsfsl6mt1%n Rl ¥deliSock can be
phosphoric, or hydrochloric and water 1n a reactor.
contdhied eidiedirca Bajule otisorsi@hiotis frocesn Cdnerdag dcdone avithedilute acid
contacted either in a batch or continuousdgrocess._ _ _
soluiiempaietly Apmiefdrapsipture andptmesRhesis Peessye U thsrropkagtng ip done in
a cofit nu%ﬁphﬁﬂﬁeﬁ f ﬁ@&h@%&‘ﬁ&aﬂﬂ% c@hﬁ@faﬁ‘%ﬂ ﬁlaﬂﬁ&.s?&ra%b%}lle; gossible
the contacting is done in a continuous nanher, It |

meanssefakmyvigmeetalivoatantngitefromuh¢ foatstoadknis eirougfethe anobgiard beds
possi bl e neans of repoving netal contam nants fromthe

whigheggi gl krowa i Hieaig Ahessean disluse aiming srrddedneidier #itd or without
oempEhARA R, ek o D50, SRS LTS Rifle

FiltrstitmhandSohieakedtraotiorceblalitjues \éy dtaerschbtesshivh ryuie didysloyed.
are suitable. Filtration and sol vent extraction

Hydgopeassrsiisenich e thet describerbind3ANHil EH O ipnashsipespesgtment
echiiFE SBIeBIENT AR, PRSPl TRE eyl vesrioaagp o

contiiranfhiy@d of Hgel falyyeids andjiydretheaaolytio nt@me@kdd to convert

. trLegcerides to a contam nant mxture of free fatty
triglyeerifes te o YeRpaicdtHelPrYRfEss nay be used to convert

o013 OHESEL SR BRSSO A6 PR DL 8945 g

one @QfiereQatablslgRls GO ORE biShBE reforO/ess¥y. &Vidah alsigle B&4Dnizone or
one or nore reactor vessels. Wthin a single reaction
stagez GRELRIE bedsievesselsl mayphecrpplgyeds buiansprefuct separasion is performed

betwgéeﬁ)éhg %@8’3{ %@%seegso TRE 9e%cfteecfs§c¥%%r' a%élie%.)r{e}rt(ir)n %chugdggoeg%r%%}@sthat have not

Ween S Or VEésse

beenRaRd td Eerhdiel codi@nfiRBESis0eKBad thade fBAKCROpuRRRIIntaRét&ement
to renove contam nants as well as those feedstocks

zoneypy ap Pjl @goqepsing fedity-dathiragaction zone, the renewable feedstock is contacted,

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
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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zone or an oil processing facility. In the reaction

zone, the renewabl e feedstock is contacted, in the
w@e@gasiee0 of hydrogen, with a rmultifunctional PeX/EE2089/037066

or set of catalysts conprising deoxygenati on,

hydr ogenati on, isonerization and sel ective

hydr ocracki ng functions. [0014] A nunber of reactions

occur concurrently within the reaction zone. The order
in thefreadtion meiatire. o theg typetof cedction atcuring inghé reaetidr ame and
deO%{éEB?&*%Z]ﬁ Ifbg aéﬁngg %ﬁﬁ lélf Hllgr%?e\é/ig{g)lgﬁ g}%yg)ggggreé 'gqrgu]g% different routes
suc ¥ HRABBR A Rh, UBRRIYIALE, é'ﬁldﬁfr'hg?x(‘odg OURRRIR of d3fto remove

reacti on m xture. Another type reacti on occurring
oxygam firdre thefzedstark. Pecmbiryldieoxyagerbahylation, Thé hydrodeoxygenation are

deo enatiqn of the feedstock may proceed through
hercj QI RFRY FEFRbLog GROQERABIORFERSKYMat i on,
car ' y ' in.. to
D B R S g e R Y B B0y B8 B
deoxieenativarsydpatcbntnins pacfiimid hpdtecxhganaitatde fanse hediesdd fuel or as a

collectively referred to_as deoxygenation reactions. )
blendngompoapuries f_ﬁ@seb&mdw buh Birthgp emeRationtiad seleeivethygocracking
: ; S .
O, DRSS R0, ARCKNPRRSHIALAFL AR SR} Alor s g
compumdntofor atheafuelsete pgdaarfpon enhe feedstdilaaniy fdedquilytlective

further isomerization and sel ective hydrocracking
hydrogeagking. MniljugisyieaH hin FRNoRD R SeRACBEAMOTHI gy fegmed from

£ . . -
N M
fornfeded ptaidesa rmye odfromeR|i 24 cabbe atomse DiffeeadeasiockgwilMeave

illustrative of this concept, a concentration of )
diffesent distiibitions phpraing randspigaencay apledgedsinoks may ppeisawie
. car . | '

e ek g ok
for diesebfiel, athietsis aDiafuabledfng! ifselé dstiaddsiuel, hbwbeategdhiefll comtiprises

gistributions of paraffins, and sone renewable )
paraflas ey BRSO GPARSE [TPBY 3 4E oRyHOE 1o B3RP Hg Whidheovgripps ppprtion of
e GELPAI AU AN i LR ) B8 AT L0 AREERop, g s
chainlagttf pardifinabiedtydfasedcked AWpicar hydgauisokand procasgrbrs Bely to over-

raffins having boiling points from 132C or 1400C to

crack PHPE PsrBFTalfs | apeetiRptity of s vilakle ke mojqgalar weight

moleﬁcg[e@?m helFoftCMb et réapﬁorﬂééc%ﬁxglrnégiﬁ ﬂ%ﬁre{lé{%:n Z'i)g% % Jléj ?ell ive

or aviation, t al n-1eng parartins

hydracracliyglodtie pakadfins ghyipriacdlfrdny teqeiaabl@edtakesdegivar
l'ikely to overcrack the paraffins _and generate a |arge
hydrgeraiting ¢ used ineardensaicomiinldhg degrepofdvdrograckisggnd maximize the
I f ther r ' 0 L hbn.the .. .
amolT SGHGRE (oFIEE 61 8- SRR RS A TRl g Micine

contfpdled tifronigh @eNgst ahate indrndtioa coatievwan Idaflgadsh pakifin molecule
Sel ective hydrocracking is used in order to control )
wouldrex peraggice enkyra siele Brdraereking aveat mukidaslbethatséngle 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.
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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anmount of product forned in the desired carbon nunber
range. The sel ective hydrocracking is controlled

wo boooagtscat al yst choi ce and reacti on conditi oPGT/US2009/037066
| deal | y, each paraffin nolecule would experience only
a single hydrocracking event and ideally that single
hydr ocracki ng event would result in at |east one
paraffin in the C8 to Cl16 carbon nunber range. The

a kegskmrtypy élehjmthmkimaﬂk&mge speyifjpddyedi.- Dfmsxigmsme,raablend of

gasoi] : f}fee;;‘gﬁrég?i?“? g%tdl @g] 1§ bl_%\i\f%\é’zlgbd'&’{ aﬁgﬁe Ci“;’:ﬁ‘éstgl $a l?erosene

typel 8L GRIow NfaBIRGGhd P%ﬂt agﬁ‘ ?ﬁ]fﬁ?fsg%o sg@&ﬁ@& Bfl ¥RESDPL 5624, with the

fuels are often’exp rou ceptabl e ranges o
wrltmhsmmﬁd:at@nd)f piohshedred parediviall e neiided. Oftert fdistill&ion r@ge from 10
exa aV| ti ur bi ne. fuel s, a kerosene type fue
percParttEing 191 el Boling BT it By KL BTRC YD nesiarent types of
'
e oA R R R R B e ST P 3 or D288,
Thelfefmrb bientding ofdiffeteat ¢cdmpionean dn bidghtof hes haxletitichtfonak gaite

db TL- 5624, th th tt
co {\Hﬂgéﬁ %WMB‘Ft 5 g&?f%ﬁéﬁh@%@ﬂﬂdﬁ%@%t}fu&gw%%ﬁtlons itis
expqudetﬁ?tasoﬂe%tlédd n%fqg% Fl%ﬁglasvglgg&gélg)slprgﬁ%%mp%o?%ﬁ% t%eas'q)e required

to meeftherdesiredisétf o fedi tspécyfiv@sions off fualrs spetife: spesitichtiont r&fusred for such

ran are typically nmeasured by ASTM Test Method D 86
fuels, i BB OrdprF erosiuee ot ﬁrewqag%fnaa PP REPBIRONAY Hhiheifsed in a

I
i L o TREn 1 DAL B A8 Bt o
av1aﬁ0refue]5$1&:hlaﬁ VBt Thadesitet! praluexip adiigiy pifraffnﬁ@mllhﬁte A@l 6@nponent
of the _product with other blending conponents may be
haVlP%@{BP‘iagp tYLGRL Of 2t IRt de ¥ ‘}Ye‘@hél@? of fuel
eci h r
[001?2 Ui fﬁl*é%g{, kagczlafg ﬁly?{él)tg*’ég.ﬁmgn o Eé Secd f)gfneéi ?ﬁtsﬁf? ient isomerization
to pm(?em pbsr dohd Batvi pmaspemrﬁﬁﬁ Aeiagion Gwgd and mdiatidi K1Bndis: % bisiegbrieAts must
e

ure with other conponents to forma fu nmeeting
haveg%e“%%%@ ﬂBWé’rB?efF‘Fﬁéh@bé‘éﬁlffvablﬁtwléh%ss?fﬁwuﬁ‘@l1 arisslinsand 0 yet
I
anotﬁ’éf qu% ??I{}] ﬁgﬂ%{ % IﬁetPg ?eza (H{ng %8}1161‘1?&&)11'16 %s%n%%:rlz% %lta F?St ﬁ pOI'thIl
of the antaeaftinofo lﬁhndhﬁd@hm?fﬁ% Jagampdhel yeeld {)ﬂ@d{ﬁérlﬂtlﬂﬁ |nl:éded is
sel ective hydrocracki ng nmust be acconpani ed

depegggnt uppip e sp%ﬁ%m&&tqq@m tor theclienh fugh perdugio rSemf: Ifesds require a
lowel 5%8 } fr@éze rﬁ? %hh %s nlé?# gte?g Fcf frgrg tﬁ)e %n Ffl%ﬂélO{l ﬁ%ﬂgtlon to

conponent’s ave OW proper

prodachd Bvgeb bencshiriticasE endrichbd-paraffins NA Réhad el y) svieN hy&@d cdiBked fuel
anot her reaction occurri ng i1n the reaction zone is

is usedseehpsi el fohblerding spraponeat, dte lﬁ@agmzaaop otep ineny not be hesessary.

[001@% P arA@Sf 1{1&??’0&8 allsJ ééélh ?rqul{J ﬁ‘m@tflcg Iaﬁ] Eatalg%aolr F%t otf r(]:gta}glsts cgmpilse

oneri zatl on nee e en

deoxggentib, Q@thgeﬁatfoﬁQiSbﬁl@ﬂzzﬁlﬂﬁ ahd @elédtﬂelhyax%e}acﬁhg didfctions. The
Sone fuels require a |l ower cloud or freeze point and
deoxygrnatipreangl hydgogeaniéen fanetinsf whish mive heshmeamiezertsepaate active sites,

may 3 ﬂc%lé AetdiOsuch 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
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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produce a |l arger concentration of branched-paraffins.

Al ternatively, when hydrocracked fuel is used
wexwbuasieyel y as a bl endi ng conponent, the i SonRCT/ES1000087066

step may not be necessary. [0018] As nentioned above,

the nultifunctional catalyst or set of catalysts

conpri se deoxygenati on, hydrogenation, isonerization

and sel ective hydrocracki ng functions. The
or suﬂéidz@ deWatAl loase amthl hydmege naidharxidinesothenrigatedhn ain, am\other base

t t e sites, may be noble
metﬁ]ét 1&|ﬂ diggre ggkée%r’@ﬁgm% @*:‘1 wag#@i xfhich hay berp Gafalypicomponent

d
er T ARk L ORI, K000 . B ) Yy

indiOmO&altiwm 2 utininei, gllyipr%lmﬁ mhieumamalnymumemﬁmeﬁipbmdsmf As to
catal ysts contalg to 10 wt.-% plati num or
the bamr*%%qt@magﬁ Selasthi§ ALY W%W&@%ﬂﬂ%ﬁ H’é‘? segeRq pertien petde catalyst
n

conple T8 TP ONE A 8 900 ISR ercin
and ae;le&Meﬂ]yd&Idrd&kMgGEacﬁuhs‘ i "ﬂmcteblldékoﬂe&iﬁ&ﬁoxﬂ&hﬁ{angesfr@n 1to 99

t al mhlcg oxi di zes when heated in air, and other
wei gt SErcApi o] (8° CAHYH GAMPPYIF degeilingapon the Lips@é reahiamwployed and the

C nein
opeiatif é%rgﬁ?or%t’n c{he;ég%ogﬁg%t Sat %%&g&é @g&gg@&g@ﬁﬁﬁ l%]ge size pores
withcHI-02ringmbet tihgniudins BEBAMOR f MEDiod A U. 118 bthet egBddiindiits, the
ranium dysprosium thalliumand m xtures and
CraCEB‘I%ﬁB‘EﬁﬁH@ 1§ paprsgrystaflineragid sife founshipmateriglosich sg amorphous silica-
0 rti-on

alun‘?‘lﬁllse %{ebﬁéogtt]ég\)é%tgﬁ{?g&l}r% oagg)r&&{]&t thg Q\? pohrheas ﬁ?zge ql;](getrg 1 surif%ce area,
greagem thami 6150 gt oﬂﬁrgeambb@‘eﬂfgrdaadralhatmﬂlgngsh@m average pore diameter,

i saneri zatign and sel ective hydrocracki ng reactions.
for mprempgLAGopssiRi & ther latge driglyeide apgjecesmilie qatalgg: active sites. This

is béﬂ@ﬁgiglt %R&raclﬁgﬂlg?)%r&dg %tr?@[{u%l \%Iﬁ{ laf r@%g %ﬁ w(fli? Pe%ﬂgei & gfusmn

zeol | e operati

prob(t@m:iuhhl m@n olhﬁrm@eplenhﬁ d}heﬁﬁfge glﬁd&ﬁdé fldciRs GORT ébn&ﬁ:tmg the
o large _size pores with 10-12 nenber rings

t
actl@us&tﬁs gé BE@{alyMurﬂp‘ﬂr{nore@ rargopprey yilbpissent dififesipngbresistance for the

f
oGO AUFELET, B B RASL Tl bR R o
lowdrnfahnad)tgheproén‘dm dEx@nples & qagulysis) Br s SRt MideeRAL in
gh external surface area, greater than 150 nR/g, or

catahyal.ng shegdeogpeinadon, @wér@g@ratlpnalﬁomsmztﬁﬁgm andﬁﬁlaote\redgyérqwm

TR BB SE ALy R 5 v v

zeolifhismoitiser benaple ¢4 [ﬁibtnsurﬂ agd pallidgivh ¥n ROGEPGSt Snfausihs! Yezeolite bound
with | arge openings will reduce diffusion problens

withmerphaug pilica plyaipg. S W@xp@n@f 4 y96 of entajpstyingbde iseléided NiMo
suppgﬁ%x?ﬁﬁl h@%rg}}ogﬁﬁg 5191%1{ Ii]zﬁm%?nt sIuVe 1I§efdt eszgg%xﬁbous silica alumina.

rnore, pores’?
[0019] f f lJHieQJﬁﬁt'lyst’ ARS8 afE @e(ﬁ;@fgeﬁzfﬂﬁn%‘ﬂﬂ aldroBerdafiBAVill be similar to those
paraffins produced in this catalgtlc process and

alreaﬂv &gevie ferdyydrpgenatioask hydrotreatingnéhe hysdrggenhil(ghor hydrotreatlng
catalg{E glgllétg{gﬁ u?a%?(sﬁvnﬂ Eydrgéenc ?h?clir\égénsa’tlon cor?cF tions 30 hy(? oger}éite t?)e 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
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
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catal yzi ng the deoxygenati on, hydrogenati on,

i sonerization, and sel ective hydrocracking reactions
w0 poovheieg@ne reacti on zone include plati num di BEEUS®AI/037066

on a support containing Yzeolite. Another exanple is

pl ati num and pal | adi um on a support contai ni ng

Y-zeolite bound with anorphous silica alum na. An

exanpl e of a set of catalysts include sulfided N M
higlssipfroe ted soppaardiopHonsing ick arnpleabimohiamands iptlaté Puand/or Pd
. supported on anprphous silica alumna. [0019] The
(hﬂP5¥§P§§FmPEh@P?Wﬁtfor deoxygenati on and hydrogenati on

ol ru ' '
002 008 BTk e LIRS LB cpaprd gpove ae s
capiifelobhtataating decastioalylasibn fdeoaboonati@aaidomiydrodey dyearon of the

(gt Pydrogenation conditions to hydrogenate the .

feedsjogk it regiqyie ommesr Desarbexyiaion; desarhonylatien.faad hydredpexygenation are
=hai . t] r at i cat al. yst . .

nerci R Y S0GRET O PR Rl AR R e AR Ehicnypactions

takegsladeiic ked crivicalstoltlié Gheehttnckel and nol ybdenum or ni cke
tungsten di spersed on a high surface area support. .

(0023 her Criplisblyasians oad canditigastior spieative hedipererking aehisowerization

a ' I i gh,surface
are BBl G e B e U R RB 08 Albeeigporaied by

refefencd lndes ditirandViaty Gaalgts peN K86w 96t i9GNERmBbA Ba@so become
[ 0020] The hydrogenation and hydrotreati ng catal yst
selegtijecriching @il funcagnsd overe speratanditiompabiessapie catalyst may be

ley 1 ' ecarhonyl ation, and/or .
e PORSCHBOAN PR SSESREISRA PR, 0 Sl cieren
cataeg andycheydnalowd, Dde eathb Eﬂ:}!én_%& loPRydrédl, these reactions may also be called
hydr odeoxygenati on are herein collectively referred to

hydrgisopersafigaaad hyhosragdkdng. ons. The order in which the
act j t Lace isc.hot critical, to the inveption
00228 05 P4 SoRefiBon B8 bl Bftrd e P QP lbed fiany
manhyttkino®hag Kien@ gl ubing aBy suiable Qﬁka%éﬁcrw:l'in KRAWIMaRy bhe
. art. See for exanple US 2004/0230085 Al which is
1sonjefgyiopsalhstiupgting peerabsecaitptle palectivphydreergckingafupctions, although
I I | know.for, iso jzation n. al so beco

som§ B 148 e KSR SR b BreRie £ i Eeala abme.
geneCAN\ehtdlysesi -cath@ic $8MBortelsday b afBYid Fenc@ioR haY 85l d hQiroBQafon

the isomnerization and the selective hydrocracking, ~or

functiggarg faviesrbee @r Fotalyeing bethtthd ipemerization tractemping ylskeldoties
] resence of hydrpgen, these reactions may al so
nydep i RO G Sy P BT B Al SRS e posayioved for
deoxy@iatibh carl 116 deBRME ilezild RUr&denhtih RAERI\HhE sAEQRE Rl drocracking
can be acconplished in any nanner known in the art 0Or

and i§9rm@ré2iaﬁgn emagtionsi iagsinerab atisdbyestelderiommydrorradiengéisameridatign catalysts
S I T AN IR —
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,
MeAPO-11, MeAPO-31, MeAPO-41, MeAPSO-11, MeAPSO-31, MeAPSO-41, MeAPSO-46,
ELAPO-11, ELAPO-31, ELAPO-41, ELAPSO-11, ELAPSO-31, ELAPSO-41, laumontite,
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some may require different conditions than woul d be
enpl oyed for isonerization alone. In general,
we2awallysvE or catal ytic conmponents havi ng an arCTUS2009/037066
function and m | d hydrogenation function are favorable
for catalyzing both the isonerization reaction and the
sel ective hydrocracking reaction. For a single
mul ti - conmponent catal yst the sane active site enpl oyed
candronte dgorijtgenatageon faanofalibites aragaesasn bheldiithdorm of mordenite, and
hydr ogenat.i on. functiqon for the sel ective hydrocracking
mag&ﬁ%i“‘ing’é ﬁ%F‘P?ﬁfPPB H%P tf.aeh of whighs ay he used @lqngior & combination.
ALIEGheH d X &t GE 0&r 291 09/ § RPEEN 330 %ﬁ@l i
conprii see <'1:l met al of G oup Vﬁ‘leﬁ( ?%g%g ) %?’L'@%QAPO 41 are
desdPibed odUS 47dD)821.e8M-3ais deyepibed inrtEs ¢04R124; SIS 081 BI7EUSUN158,665;
I tal s jnclude platinumand palladi um each of
and m %gﬁ%’@? B@%@Qj‘s AINFHaPYP: Wil bripiagnymdor ametak uppor t
lurfRERSi@dph EnQAPRNANRY D& i
o conbi 1n1 atpi 0 SF’ tﬁe t%% %u%eéﬁ%%%%%gﬁ e %S?llugl(lgg)' Suitable

MeAPRD-3d eatabybts mnohake, MgABPS O30 uSTeAIPS Os AASdes@ited RNUBSE, 793,984, and

ilicaalum nas, ferrierite, ALPO 31, SAPO 1|, SAPO 31,
Mg /-é‘éﬁ@? desspiped (US VPB4 13 APES Q8] irapmferd Mo\PS@sptere 31

oM R s S Oy e, v

an iNBARSEHBEd pMeARSCaH be cdvitARSo46rmsEuARKE: Fdr selbdtARBydiberacking and
. ELAPO- 41, ELAPSO- 11, ELAPSO 31, ELAPSO 41, o
isonjegizafaR hyTemeRRE pesariated alkpk metgl ppalkpngrearh metad bypemonium ion

i i . i i f r i
i OIS Sl G 0 9
and biSy4, 994025 eBurgeo cealgsts il cwaditionafor elceletALiRfhedikatich are disclosed in

scribed in US 4,310, 440, SAPO-1 1, SAPO 31, SAPO 37,
Us §§bo,3§&p5s4510%%6d@w$ Bddli789-US 4. 440, 871. SM3 is

scr+ e 5, 0 47: US 5 158 665; .
002385 B AR BB OBLR el B e
mod#et eelyared oomahan@bap calslytihgofBhthirtOn hasmh,qir@sea%lrﬁﬁﬁi, A€odymium,

sieve, where the netal Me is magnesium (My). Suitable

phospRopsermariyg: gadginym; seymeandgnrses3herepfi ardierribgd én US

S Bl OGRS 58S P80 o

ZSMrBBIvehich dre detibedfolJARBAeRarMh th SS 51206 366 ald/d@hSdticle entitled
. I\/Ian)f natural zeolites, such as ferrierite, that have _
New malecular sipye/progqss Ea dusalewasing &y v issenezigatiass t wiittendby S. J. Miller,

. 3 ' f ' ) f
in SO SUIA 3 Mot 1PEAI Y8 IR AT 09 OBl ys o s
4,798b84|U 78834 15 USe4, 043 404, ISOE BT U8 epe8lEa89eS 81048,005; US

calcination to produce the substantially hé;jlr ogen
5,249,800 US3 71 a8Yhend HSUSH 949 sreamsehyrincoumrated by rafagnce.

rt t [ ti,ons .f skel et al _
on2 18 5984 ALY i £080F OIS BLAFSRLEAS cug i
consBu@ddyAaemonstdubsSiiba- didhinaoR1 add¥hék mbxemelsaeldn¥fig to Group
hydr ocr acki ng/i soneri zati on catal yst function nmay al so
VillAcwg s efeective 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,:ALLO;

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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nodi fier selected fromthe group consisting of
| ant hanum cerium praseodym um neodym um
wW@bmephierus, samari um gadolinium terbium anBCT/US2009/037066
m xtures thereof, as described in US 5,716,897 and US
5,851,949. O her suitable support materials include
ZSM 22, ZSM 23, and ZSM 35, which are described for
use in dewaxing in US 5,246,566 and in the article
weighit AttickedV "Cidemmo leea ulApp. CatelvA: frenc E305(2000), 2afxeaches yet another
.%?Waxi ng by wax isomerization," witten by S. J .
sutqyle ¢alYSt " M croporous Materials 2 (1994) 439-449. The
achi i ; > 7 4;
100258 Tagcufar et S5 M D il EeRigs ol SRl easa
hyd®ciBing 66mpulier 2208 n60bydrblSadki2d orbfidient B ompédiin@hé catalyst with
.and US 5, 85]&%49 alé.e her eby i ncorporated by reference.
actiyegid ipn eiivg hydipceashing qempgsientsguny, mostiveky affctshesparticle peength,
. ti : . ’ .
o R AR e ot 2 RE SOtk S Bl gterea t0 o
the soppandiavgven s@ne trpditibral Ayppandnadtaiabf fuele bd slkcal Duhfi@s may make
hydr qj sonmeri zati.on of. | ong-chain normal paraffins '
someg SPREPHIRGC sy digsasking cabHBnokhe ﬁﬁalywsgsq gRIMpPlelof ayifable
catafys0Gc é(_)stit?%? Dedtirobthd 1 & AHURGE L AN a1 GALA! Sfifer Wl
onprisesS: (a) a porous crystalline materia
refracgmp tatecibls velichiinbhbdaded ag & alppba i &ddifdrad sflic@@lumina and alumina
. . boro-silicate (BOR B) and boro-alumno-silicate
inclydg f‘-"B%QE“B;:e yikFayricoRiat tianigohosr, gidaircopipglumipg (These sypport
i M P (s)...hel ongi.n
mat R 5% B GR FRe oo b Loy, PRIeP s LR a on
zeolite)Yam Z8MbGnAnathenproupeths pritdatily dnfi@phicul §¢dioératifsdnitnents.
t? 5% byweight. Article V. Calemma et al., App. Catal.
[0028]  clhe catadyyt praghef)catapyyts of dhetvhischspceanenihs formilatedhsing

induﬁ%ﬁ!ﬁ(ﬁf& eélgl%tél 108 %a@?)%%{x%%ﬁ%tyfre ttlli]eefoﬁﬁ I0 & %:I%l\g/lgpc%{ extrudate

A in
rocrackl ng process conprise a

havityy ddinareac f figmc@ 8P 3 vnen B2 80N yATRECERMYs! B5h be made in any
Conpositing the catalyst with active and

conponent . i
Otheh&sn%f&méuﬂwaowﬁe lef Rgllet s shvdate maybpiodpmseher than a
: i ; t [ OS] and .
ol oL 981418 EAEST e £ B SRk G o
or redsasd |diffusicabbdistettetop passurd@opupport . However, sone
traditional support materials such as silica-alum nas

[0027hy  rhRen-selaetivesARRISbUNFEM may bhutiliseduoderaokditigns optimized to

lyst . e.exanpl e.of a sui.tabl. -
resulg grfa é)?é%/é I){gcﬂécr%%lgn%g{l}%éé, }gr g Q(;llnlyldxiograggllng 1%%C&O%Hg}eaﬁa(lﬁ)amlmmal
secomdarphgdrbéraeking. Rk thérmdet, Hefonl RRICEMNEfal & FiREDA MY be modified to

mat eri al s which nay be used as a support in addition
weakeg thg 3Gidity. of therraialy e oden i minimire undesied hydvarpkisg.

j i ' ni. titani bori.a, an .
10028 | &he Ff SEb1e 1ie BusdBhi ne iyt frocriogs et shape-
seleceiVOual (ts. IHigla R ko RARIANALAfARs arOhldes reﬁd‘i%'&?%&@%ﬁ% %Oﬁne;}ared to straight

_catalysts are based on zeolite Y or Z
chaingrgpgorabstpptedppiaffins simee tep oan dryckrtbougle Kibiljized carbenium-ion

interfi8dIRR!] %ﬂltfgr‘tunately, 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
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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[0026] The catal yst or set of catalysts of the subject
process can be fornul ated using industry standard
woembnfgoes. |t is may be manufactured in the POY/DSWHI/EB7066
cylindrical extrudate having a dianeter of fromO0.8 to
3.2 m (1/32in to 1/8 in). The catal yst can be nmade in
any other desired formsuch as a sphere or pellet. The
extrudate may be in forns other than a cylinder such
stragbt-tlnen drovlightdyf isemevideld -plaradfis to ciakl rethe cateltyfteyores hBpehermore, small
wgich.has advantages in terns _or reduced diffusional o
to medu, $z&PYF Mpleclal SIsvergE: 8 foolPomemberag. opaiags provent easy diffusion
f 1%AbAk Yin FaHEhi QR q&%b@p«# Lislen® hdi
© opt ﬁém ze%llf)t or esulpt [ r% se Eecg:}fslke\%/rg%ﬁl)glgg(géfrgfg)ggﬁ%%nqvag%frﬁél enters the
porgoehiameal pf the dnalyseamidiencpunseras daiyptdgsigidn wetive sive,sub@hs platinum,
ecandary .hydrocracki ng. Furthernore, a non-selective
fes“i%&galfl%f)}éﬁan‘gfmoaﬁﬂ%ﬂf ‘g%"lﬁ%%ﬁ ¥i¢ldgja pasbepaer agn whigh rearranges by
RS £ § BEbGALAL WS B o Th e i BRI e
e ﬁ@ér octr ackl ng. %’gé%dégg gggﬁ%ﬁﬁgg%ntwé’b eél g%ﬁ%@ﬁ}u\l/aglon’ the
hydlh?]zdbom: craclsi an thec@tt af tljfls tmefthih btainﬁllnﬁiealﬁﬁg ttvbe)leﬁéls, one s?(f)rt chain and one
shapesel ecti ve catal ysts. H ghly isonmerized paraffins ,
longaﬁhé% 1SV Pty S%%Saqslkfé/émggacg@ﬁpta? eamagy mechapigmiforBrgnsted acids,
il ERo0Re SHRE PG BSOS, SHCATORY Ll iorcking i
be ptinfacityt an ket exldy of thbpsraffes dBxdnepléshe stiemitenelystior taSete include
1\ggla;ules to over crack and formlighter nol ecul es o
ZSMiat 6PMe?d KeMbl e @d aad featieda. Hurder sualle catplyghse described in
ArrdyBOITRY v e f Gn  PRER. &1 81 o0h O pCARGK
PRt N R L P S R AR O S b S8 N Bfems 7 A
Appled €ntalygist AeGaerad, 2000 2N @s2 0 f S o ek itspWe cMbains I BY @Foment, G.
_ %h%pe-selective catalﬁst woul d gyevent the majority .
F Jggooni lght-yorasheh GadysimdP @b i7de) 17 6ABEntlesneny- t HeDpdiae. X; Shi,
Y . Nl HC angl, % i 1t chai .
S HPSANE B BN SOEIASHL PR SRR, LI DR ARE M c.
Marteas A Joumpalref CatdFysist DEOOYDHE 1), SOBIS| Sdstre NBHTCHRLSA Z €0l &,
nqggcul?r-sieves with 8 to 10 nenber ring openings
Jourpgl of Eatalysiss 3008 F944k 847-816-t he | ong chain paraffins
ep 1 . ng. of |.o chai n .
100208 20 b Phe kPRI BRRC UG e ARl O @ P GG gyt

hydregmolysis ebsipancae NYlt o gdesp@holodis esthporentSs povidet @fomSor more base
tlnunl,result%gg in an olefin. Protonation of the
\q

| at, > .
mewgﬂ wriforglydigribgedindhe easalyy paitisls. Nable matadasuchngplatipym and
' to f henrum ion. with a single
pt T Y LB ST SR DO B s o
for exarapllssiéitel tifidiusi tenivin, iRt hix ke tedicof] BhatiyaebdedBlysis
ol efins, one short chain and one long chain hi" this

funcepprefseangald¢leayien R 1 1y €6 diagaents figm thiendef theparaffin molecule. Two

[ . t acids, Ww.l| occur clo t.o the
e BRSBTS A0 A RE R Bo%
hydrbgefblysisl mebty it armasdkhmgtioprbterddte @ dratkithd dhadlof thiR@aRfSmolecules.

of the paraffins. Exanples of suitable catalysts for
See, fqicsampplpt artepd) Lid Eusamm, J. Ze\pintlt, ZSMIpumalzéKlagdysan 0, 223-229

(197|I)§eﬁlﬁ iI—ﬁfaLé,eY. J E %thg C3 ;%z}tgs?j\\? EC al\tflg{/%%r? G?ﬁ?jogren%%tj (?a%ﬂysis 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
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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Arroyo, J . A M; Martens, G G; Froment, G F.

Marin, G B.; Jacobs, P. A ; martens, J . A, Applied
w@amahyspes, A: CGeneral, 2000, 192(1) 9-22; SoURET/UFI008037066

W; Martins, J. A ; Fronment, G F.; Jacobs, P. A,

Journal of Catalysis, 1998, 174(2) 177-184; Huang, W,

Li, D.; Kang, X; Shi, Y.; Ne, H Studies in Surface

Sci ence and Catal ysis, 2004, 154, 2353-2358; d aude,
fungyion@ompleritensy bk mikimiedonate ofierfidtsatysd of, th@@8lyst to maintain the

B N TN S
seleBfee }?yﬂmgdcmgtmclﬁcﬁesilﬁﬂi%fzﬁbry itaﬂﬁ\flﬁﬁ,m% £d% leygﬁﬁlgo

al so"contains a neta rogenol ysi s conponen

mediyrd pogendkyidarsievestponent i s provi ded as one or nore
s unjformy distributed in the catal yst

se t al
wﬂ%}l ti gﬁ@&ewqaélemwfscaga@@w igglugde mojesular sipvespaih drfingmpore

i GOQUH; ' ; : |ti.0n of the netal
e AR B PR P AR pBmded P iopn
hydracradking) a rype ot aeitl-catabdi hiydro@ickiigihbl &s hbeeg@ite isdiérization or a
hydr o lysis function preferentially cleaves C

. INCt | t
blfueﬁmaggarr@mt@s flessipechin Wetkasp et petrea. Ghamabitezsh Peol. 40, No. 7,
1241"%&11@}2{5@(%&?& é?ﬁrg Mﬁltxlsiox?fo%n%g 'ah?rsllasr to}%lgt\rll(?r}t1 aanrbon-carbon or

approac ass IS a cata

carboydydggaobyisd. Theehtalystddeb nat weea A nsfidagt M}Zﬁl@'g@ﬁlﬁi@n ti@hction
. crack the ends of the paraffin nolecules. See, for
sincg %Ffé”l Is9f pegessany. Residenygdimgprbthese stimng agidrsites would need to be

o P AR U S
dengityurr optraohg &iat lakhaispackbBlock9 242 02aniplO8P) suitkhR: GEERDEbr this

cl ass of catalysts include those where the
appIRYely s feMidysi s function is located in the pore mouth

a ' ecul ar si.e th revent
100333, 7 B bork e TR HIp RSl OB A T b o e nes also
serve B¢ aucthefipby@sciayisihg and Abseriz&iod Fenof hiil@pRcBRR&onditions.

to protonate, and therefore crack, as conpared to

Theyegndlter mpgde mpieesclgetyadbeogising thein SuAL ration throngowelh knorary means
i.ni. m . rn ur.face of the catal yst .

st L S @ olli, TG hR 5Bl G Rarocracin

wheEEkgph@l obfheioid eahhel aleabdfbs sidrastlics nAYSH-RHAREL Y% Red. The

route of selective hydrocracking include silicalite,
shorteg ppredengths lipgthepamounspf sezordiy bydreeraghking $incetherplidunt molecules

i 0030] ,Anot her. suitabl e type of
can B IPL BEL Br L TG mobi 7 Lo CO A TR b Bt
[0033Fi diThe,onekiaghplob&s Wissde@ nituBinsils LRFARE MFation range paraffins at
t enperatures pronote Haag Dessau hydrocracking; a type

high dfo/neEmal raaesaPRestte Byalrapgs efcdondigionshthat sdomssinltyt alfomguiersehigh levels

[ kzati.on.or a .bifunctional.catalyst. as described
or acp R WS iy iiocs i R Tenor GBS Fase pugtine
whild miriddAng (g chddrdmapRth@pRduGioR. TREEBR, A dpetihPEMR ions in many
. after protonation of a carbon-carbon or
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 temperature
of the catalyst bed should be in the range of from 150°C to 454°C ( 300°F to 850°F), and the
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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car bon- hydrogen bond. The catal yst does not need a
significant dehydrogenation function since the olefin
W0 sonosiepecessary. Residence tine on these strRCyUSION037066
sites would need to be nminimzed to prevent extensive
hydrocracking by techni ques such as reducing the acid
site density or operating at a higher space velocity.
An exanple of a suitable catalyst for this approach is
16@%510({%63%00_%@/63@[}@@&9* $CEB) H1dPasse8 26 alel rbRtBRbMaining
and zeollt? Y wth 12 nmenber rings al so serve as

the gafplysl oL pefjo ﬁ?ialﬂfﬁiérTa{@kW@gﬁhwﬂl lsfmfémrzlﬁd(rrmdffma fesyele gas stream

whléﬁ Fﬁz tplgilse r??:ﬁg&?ﬁflgfhlrtlg%&)/r &-Q}gﬁll vatQ il of ?"‘Fﬁl g%gﬁ '1{%3 Flpfdrogen rich

gas Iadmmd mathrthe &Hd bndin @ eabodignedl arGeechasBidabodeN dhfin at
i nproved towards sel ective hydrocracki ng when

leastt H% H}Oé H@P‘Wt Sydrpgea. dBe feed Fum iepsnsanfdiqhidchevdd spage Welasity (L.H.S.V.)
ed.. The sho
T LN TN BT T M

1nosemmbmhhﬁnmroduct nol ecul es can easily and quickly
di ffuse away fromthe zeolite after primry
[0033)dr odhediferent rqagtiom| tymsehyshiegenntigre dpfpmgemslonmsammvmmn and

seleﬁﬁ%eﬁﬁ)?%% ?!rx]%c?nrgaxﬁgqg ? Eamec? glgt\e/L{sg{gggfgﬁe{nien(%gﬂgsz obpsmg a set of different
catad.}&tbd [ thgsnBdiahe USRE $s‘é)§rié|r1izélt1cﬁl1| &ﬁ%le&@%yﬁk&@a&ﬁl@c@ur

of deoxygenati on and hydr ogenati on, provid
congrggatly; lesamples off catalysts saithlle f@mllrremglenp)aqeaﬁﬁqlm tiakenot limited

9as a rod ctl
o, ﬂpﬁt uﬂ%lfcg& PHl%e opernatzf3 rlg ga %SM]S ﬂgfaﬁlfg{llgﬁ@éQR
SARD-4 1 aadonSMB. Qmomef)@@ﬁ@lm sulfided BREEI zfﬂdcmolw&xmﬁpdh béolite Y,
dictated in |ar part by the construction”and

ZSNiSapmngephenssibea ¢ h@lféixM@ rRARGi 1t andior SMnor mal |y

B A T S .
quantith of hidiﬂ%& Bhdibe ivdolhdiéh ©ahekk ¥EEtREA ¢ l&gﬁﬂrtdlnl%ﬁe Edtatldi reactlon.
range of om 1500C to 454C ( 3000F to 8

If hydgpgen lbﬁ@éis’aﬂ@lesﬁdhd? ntabteoxam\pé tlmmljtslt’ahgau@efom on the catalyst
and glgﬂcég%[he 3 e c%-ar)%t. fo) Vgitlglﬁ équ%?pg rpg(é)é%zlt Igg- g{;e%g}}erg gl z? ;eragt?om zone is

oftey:d§edd6 hstie alight hRRosli€ afilabRBo Lol %&klﬂg }éélltl&lilsqngHE Catalyst.
10000 SCF/ barre ereafter SCFB) and pas Into

The peagessdiereini l*ﬂ @melﬁ gegat‘ﬁbng:ﬁle@lpymtmg) presetre §f thavdradpesdtor. can respond
rimari | der| ed Ggon1a recycl e

to ecoggmé ?,Oélg O\%I ¥ ﬁhlm tgg ngxt}’ﬁ? i PRYIRY i o1 eXyRple, when hydrogen
is n<ft asd é)dp%hﬁife lfCQ{tIVE RS fce@ BN Bdn YerAG 1HaPARBS: tomng QH geé}gﬁ&sure to

rich gas admixed with the feed and in one e
favophydredepgganatigniamtmnbionize protiict yiehd. Suitaldt pteaasts ﬁ@y rapke up to

B e A A L5 305, b I Gl i s
gaug‘é"(@(ﬁﬂ 5[55 \;)h68§5 199026800900 s, 35 r 897Dk By %arlllj% ngtOB ﬁ)?lg) However,

bel ow 1. 2 being u In one
h1gher 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
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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[0033] The different reactions types, hydrogenation,
deoxygenation, isonerization and sel ective
whyaposwacki ng may be carried out using the sam@I/US2009/037066
catal yst or using a set of different catalysts. In
this enbodi ment, both isonerization and sel ective
hydr ocracki ng occur concurrently. Exanples of
catal ysts suitable for all reaction types include, but
2758 kBa applute @HODedia) o 4pd AkPaahsplnd(660 ppia). [Facdhemmnooa:with the
. zegé%ﬂ; Y, .ZSM 5, aﬂorpho s sili.ca alum na, MOR
incr ydregendg sglutienghe m?ﬁg?ctwéwcgaﬁéi igsHlng @ greater amount
- : Li . : .
o O AR el R a bR oM fpg STy ABCHS is flxible
regakdlidg pgesuré so dhat thaopemtor icim tehgordeaetdmnsc abaligonsaydhifting the
be effective, sufficient quantity of hydrogen nust )
deoxygenation PriyaynThal 15,98 OPerptos S1ay vt §f lowaessugetto fayor fecarboxylation
o . a .
whefiRYA oL B SRAheCP shoriTXLAZEAIA T A En b T8 ol the fossof
carbbh.eOe deatlyes thamd) dvicte dgtiioged Bmot tve ab@liwsiclatiVe tedk ¥&d cost, the
this kind of proble the pressure in a reaction zone
OPCTAT F1ay CHOQSSi 1S B 3 HIGHRE BYCESUET IO G o i Iog ek yBenakipn iand plagimize
id coking reactions on the catal yst. The process
mnééﬁggﬁ’is flexi ble regarding the operating pressure so
[0035hat lane pabatiatenc afithe @isieatich the desicddamhdine oNBydrd@ASs Bdpt in
shifting the deoxygenati on pathway. For exanple, when )
soluHORRJGWRT PIESSHERS by SHDEph [ayge teeycly phiydresarhoadOfss exothermic
procp e DB Ty BRADn Ky L Blac oo S IR in cne
reacon taleh.Hprossuhesngayf eaygetoupedsock atids tha rgaugaused Bérein is
psi g), 5515 kPa gauge (800 psig), 5860 kPa gauge (850
set bﬁ%‘?dg‘)ﬂ thg pepsl tpgogtgq}dge l(eggl(pf @gﬂ@gt’en wgbe ligmg @a@pg@d(th@g@re reduce
i . . i r i r
e B3R EATA A ERPIOS L2 ULATH 2 p B p P
requirpmeats ebud inseadpekadluion Hydeigen kolubilitpreggsethénts. Hydrogen has a
counterParts. vant age of one enbodi ment of the

An ad
greajsr sQlRpility; lﬁ\;%bycw%r@q maduct Handirdgenin wg fppdswskry wilizing a large

i . | . | . .
s 01 AR08 Bl TR AL OFR0 P i o
greatly adieabaainamid hyghes prbsiutestarel @OXGERB0IiRcTeds0 Migs arhdur@BOhYEROgen in

enbodj ment, the operatugglpressure is in the range of
[

soluggom andiasgidgatlysy deactizgigonyileyy presswas In Riserabrrimgnteof (igsigvention,

‘ : . e
e S 01 DS, GERBEMTER £ 48,1 o
emb@diim@nt the raib3y ikkiRa ralps ol W: Btd 600 Ipsictler efrboll M@ BHeqatio is in the

W th the increased hydrogen in solution, the rate of
range gk Stli ond:il snd jr ya anether erhadimery theragiody ethe rangeefidt 1 of 5:1.

tertal he reactqar .in a give .
mhe KRNI L TR S5 hIG04R0} RE,TEREH Sl Gt
pendpfgeppUERioB QIS AL 211198, 1apES aiable raddes FOSRARSheh QBB WL shown

conditions by shifting the deoxygenation pathway. That

to begip at ahreeysde it fsed ragip of il dtromapeystededeadaratios ¢faddrthrough 6:1 the
simuga?i%g roP %yklNaﬁ i/? 83,149 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.
[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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when hydrogen is expensive, but sacrifice sone yield
in the final product through the | oss of carbon. On
wo b@oosteer hand, when hydrogen is not too experPSi/Ug2009/037066
relative to the feed cost, the operator nmay choose to
run at higher pressures to favor hydrodeoxygenati on
and maxi m ze product yield. [0035] In one enbodi nent
of the invention the desired anmount of hydrogen is
tempapturd ¢ongol. iRdpemding upawke rgnteeswussf the lgdplcagtiongnd the co-feed
| ar recycl e. of hydrocarbon. O.her exotherm.c.
comp Pt Ao S SR At ot i e i irgpagignt to note
that {1 CORUE & cd-R8d LLSPRHALAMG SN Frobdie b&Afth kQiré Q0§ Sle or co-feed.
a'dgaesg%, t%e range of recycl@nto Fee st oc n%a§$%§(¥ﬁ%tee
Conmpdste ldeoxyzenhtivaranil hydgeetiob asydeanhichal waket rayclent colfeed
t he | evyel . of drogen.in the |liquid phase and . i
compRget d oi1F Ad G e hS BRI FRLE COmi aihsish eonsimuous
cataly8C%ERrdindR LRI NEH Rt Jaﬁg%‘? BQJCH(’%H)%%F&%@'Of the lower
requirenents, but i1nstead, based upon hydrogen
amogols wib hiydrbger mgolutieman tie. higlykd bpgatinheasmdaiogs eat er

00 St I BRSO RIOSUP IS 0025
byploBGAS bEthk RecAiBh BB debdbiod. é]bﬁ‘éf 2950 or h%P%pLﬂag}ﬂ'lﬁadr%%%&. When
in the reaction zone Is greatly 1 ncreased and hi gher

a copr epaatoe s wed, thowaree ediethobed ancliqéas erohhhe donoritof @e separator,

hydrogen in sol ution and avoid catal yst deactivation
and ey B%Pbsreééfétﬂf asuseflthe Nates AbisHIAYEH RS Y aponén thepaemhpaghstream of
I t] t S
e g1 PR 18 DU 0A0 6 KR B bRELS) B ropane
and lightiends, verboangaleo in®@hldrogenGulfidel AdditiohdlBrthe shatéamfkam from
the ratiois in the range of 3:1 to 6:1 and in yet
the SSRYRIE MY BRI AR WALSE KPAr abherarhon; axides and Bydyegest sulfide may be
o i taple: [ q
ek T8 IBR05R0) SHLAAD SRR 8y R s
USAperedv 937G , 793 int ¢ XA 60193481 6 24HI2rdAAncdppdra@b be réfeRgesin its
.for hydrogen solubility were shown to begin at a
entiglye g‘,‘-gt%thf GaoeB @x gt per/g the hydroggnyinliidecas been gymiazedi from the

| 05.0f 12 : | [ on of USA .
o3 S5 g B S M 0 s o

zoner, divaiseatbdioghlf thdugparatonés gReatd isca aRgRSatof andok 4t¥Olapor is
ratios of recycle to feed for this enmbodinent is .

Presei iSRRI BRS WS- RenTaisriihgptionally reiined iyl ereon oxide and

hydrﬁ%n%ltji(iqet s\érdbﬁglt ggndij:ﬁ?@ﬁyfgcﬁﬂ A rcﬁc%?o%‘ﬁ'sggarﬁ,ooqecb-ttg Qv%g]the light
I'n anot her enbodi ment, 1 nstead of recyclng

endshy dreotanbefiornen e Hertemipératunf ofttiesepAb@€ thag BERORE Binbient temperature
di scussed above may be used to frOVIde the solubility

o 43" CHyRIP dgetnddheiprenpes mevbefresnt 1761 kPapepssriai Hy/ Wb geige (200 to
-at Vv : t o e 7 o o
2008 1 1598k g YPGB BB o o
[0038he athegaraffifis produd¥Aas tiRMtaction R6hieart Rathovield Frdn® Mt GESarRbr and
co-feed is optional and the process does not require
Carrlqzde@)pcﬁr@tlgpatmqogégq 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

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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Conpl et e deoxygenati on and hydrogenati on may be
achi eved w thout recycle or co-feed conponents. In
wa@eioblis@mmot her enbodi ment, the process may be PORUSZIDEB7066
wi th continuous catal yst regeneration in order to
counteract the catal yst deactivation effects of the
| ower anounts of hydrogen in solution or the higher
operating conditions. [0037] The product of the
fractienattoncrone dhe dpsratiog dertigohstod tlee Sap@naiarzone nigewaried
d tQﬁ b rogu?ta of the reaftio_ zone reactions. Either
epgning Py the Igegstods M Bipo P pAs3TIBE 2enceaicd ipfhareaciiqs gpne, and the
j [ |- qui .
et B oo Sl % S Ao or, S0 e scecur
[003Hpar @poonally thesgrdeess may wapkiy aisteafreBfov@thga®n@inv@daTto bfbvide
t he ov rﬂgfd stream of the separator, Therefore, the
hydggeh e DXl PReaAi9TY oy sreadu e e izaien Sws. mdaredlsgtive
, : : I n
isdRERRERE 1t G0l RS EDE0ED O OO R IR
proéepgiytmgenayd cahpmoseowi@ mstBpdsf prdfieinpeydfse® ¥t BRIFogen and
and hydr.ogen sul fide may be renpved be techni ques such

carbor ox i (BIUF: AduiosPen and s mkters dnetalyticslinreacted at high
[ | 1.:97 , 73,816 _each. .
enfialy bt DN BYG073, 08 SR SOLRTR B3B8 o
Sincaftheerefdriningoasdion iostiofgly eadsthernid, heathyidt bgappied doi tereactant
. has bﬁﬁg renoved fromthe overhead stream the propane

MIXGy S PYhegHe thhgbesing fumpeccaraefofmeras sperifiofyag obstesam

£ oF M ' I Jt the separator is .
et P S R bt ARSI ey e
from cutdljtic separefiratingpmelideacheat i eupitic@by it pafial PRghdlYombustion of

ég¥aiged in the carbon oxi de and hydrogen sulfide

the fgedsinsk &fith QB Wd ad Rt sypbich framsiextsamnl soures i gaveral, the

- i i t refornmer, The = .

o oD o RO BB AR S0 o e

tempieeatiyes At the eanze o 3@ 108IMOE are @pidaltfbecdd &8 RxhlthydRY-afB6n
from 1379 kPa gauge to 13, 790 kPa gauge (200 to 2,000

reforgaing Presspreq A2y Ege up fee AP0 kRreabselitisedigrmirefoming capysts are well
F). . h ffi
knobr e Qertiof arafR e Sabiea e it PRl ReBfihe

[0046F par Bpivaligntingardas 8dhd Mod prdddaiih REdRELkE0A8tch® reforming
separate the paraffins into different product ranges.

procgispHP eV k1B theiyesepiGnyanjiopdydisatbansetbiat ang wodighofpe Hiealasired

r f jonation zone. A part.ion of the .
prodSLs R LA, B AT TRRb 82080 cyB b e Rfion sone
proptugf i9 & RbmghoadYerodlide Ot €8 16 T3MENFReAhRARSy &sl%lﬁt asSAIL $h¥se lighter

T
the requirenents for a specific aviation fuel is
compesigps drpytheserarted fremcka dnsied emtiomefethe Héoxypenatiomef@uaniyind routed

o P RERh B bl BbnedPY B Bl B RO B Sy i cighe o

less cagtamvpsng fiom tOSTI0EMR obihe @8IV O RbibeS4tBA bh@ A9 hydrocracking
zone. The operatln? conditions of the fractionation
(§)

stepszrg%@bqﬁﬁ)yd%ed‘,tg thesigforming 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
any of the reaction zones to provide 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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dependi ng upon the feedstock, the type of paraffins
generated in the reaction zone, and the desired fue
wa o0obesweoduced in order to separate the desi redI/us2009/037066
hydr ocarbons into the sidecut. [0039] Optionally the
process may enploy a steamreformng zone in order to
provi de hydrogen to the hydrogenati on/ deoxygenati on
zone, isonerization zone, and/or selective
and thedeparated kydrggenongy, belikeyckideammy effthe réactipnppoaese Stce Bydrogen
|| . known chem cal process for produci ng hydrogen,
Pmd\’j.t'\ﬁﬁfl frammglurgheas is ag SIYEFHBYCHANGEHEIRES Ny WAYEY Sigephogpe gasses,
B R AL, LR B e DA REARARA fhoduces of
the reantiperzapasroen tiecrése thehrpsirod gferpro@ndartdhealeat hore eaxirci@sentally
. carhbon nonoxi de and car pbon di oxi de. Since the i ]
f“"ﬂdg‘f g%}ﬁ fﬁ‘ﬁurreé?ﬁﬁctm%ﬁnﬁ’rg valuplyp giben amepgeiRak eice ohBydrogands not readily
avaiP8leS URBthEEHtel Rl DR A Qltremnﬁn%,r @'h%cﬁ 'ﬂgﬁhgﬁi\(@é advzu}tagg of low
heating the tubes in a furnace of retorner. Speci T
utilitigspestef steamreformng is autothermal reforning, also
called catal ytic partial oxidation. This process
(00417 1 £ chanltemieve amBadirpent s atakyticaetorming gnayrbeemployes instead of steam
' | . [ It ern 0 I on.. of
Rk S SRR KA L Sl RS
dehyldrayrlivatony isembaation und Rydrodtad@ipe The delylifgamiion ireadfions typically

..reformng achi eved depends on the tenperature of the
will é%\glell%%ﬂﬁfﬁ@thw a@aﬂ%{}gﬁl}tw&i tq alkdmysdehskaneaghe dehyreogenation of

7000 j f nti ona
38Rl ? 0 B B2 Sl SR L
dehydRarydiranbubeacySicqanaffied ardmcidiceddiik yeirdmali&. Tad lsokB@Xfion
and conventional catalysts are suitable for use in the
reactions deided sparrrization qfGoRrotimg ioi ieparaffins te diydioisgasrizagion of olefins
to isbpifaffiRS tan#_)gl%qme@ﬂgt?onf cﬁ%gﬁsltlﬁﬁéi {.rgmgtlcc'st rjd%c%clpm%qeactions
rocess. wever, I'n the present | nventionmn,

inclualy chiedgdrdeamRingdparafftist Diee droghvizafion oft the ngagiffiedo aromatics is
product nmay be generated at any of the reaction zones.
genepadly cansidgascto heriighledesually Gesrard frihe gk ocigpeyptngof the eesulting
y I ffins .b .
ron 0,6y L o B P o iy
desirs¢ prodattefbr ftriorecydiel wWes leagdhaddok y@atidn 20n€. The hydrogen generated is
deoxygenation effluent and routed to the steam ‘ o
recygled Oy Ahths serstipn ronehdheayieossnatinn/dspx yagaatingeane, the isomerization

=1 . .  oht | b ¢ ome
conephlc e oo Bk R EoRE THaRhRler uiGe PRAREN Ra
genegddecduly eddypdh©gasaling gl Bidep theriatibe [ePBePeadiag upéh bdiBng point.

reformng zone. Therefore, the lighter materials from
Addifipg ofjargRaeneanfivie, the SRyl sesult Eningteaseripaioe whiskinmry be desirable.

ne e di . on ith stream to a reform

004300l L 51, PR BBt B B s
with aitte sipeatiopeR seaihaly nCaptlonar Bad@hondedyeleMANYSh@BEHY the non-

and carbon oxides. The steam reform ng product may be
petrojegy faedgogkowith 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

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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any of the reaction zones to provide at |east hydrogen
to the reaction zone. Optionally, the hydrogen nay be
waepansteed from t he carbon oxi des generated i NnPCTES2009/037066
steamreform ng reaction,and the separated hydrogen
may be recycled to any of the reaction zones. Since
hydr ogen produced from natural gas is an expensive
resource and generates unwanted greenhouse gasses,
mode ne ndditiogpl atredne st skovporrhayoe refnov B froedd digthsfebeRYE MThe
fromthe undesired renewabl e products of the reaction
overhead in lng 2 ZeQmRiises 2 £Rest pydrogsm nop gonsppied 4 the epctigreandy the
carﬁ&rﬁoﬁﬁs}/ frB&QH@%@rﬂ&ﬁﬂaﬁbﬁ RNon. -&I?lle%alfb%ﬁ%i%&%bc%ﬁ%ﬁémoved from
nore val uabl e en an external ‘source of hydrogen iI's
the exatesy iealdodey byvatdnabletl kndwatileie aad, teatn@t Witk ah Squeous inorganic
autot hermal reformng, which has the added advant age
alkaline SQHOR, NTFSE TS S WRRE RS OTPLODPRLG- Alpo. ARsYPteT Yith ay @mine in processes
' t: Vi . ' e I
s R alin < ARl B B T SR BRI 12193.196,
herabgfintonporated bR ecfeichee, hed e eatpsoyed Cif ddredebyelitRUe patd @Fbon
dehydrocycli zaton, isonerization and hydrocracki ng.

dioxpeCaditiarGEsdatt saencEkias itsnpeniabiseratipy media Thereforeline 22 is

posl SOMBLAERLL AL SIS AISILNERAS sty
lineQ@ieihi hgdrobbesudfity trlogavabepdndais |l sorashRs tekBnology selected
al kyl cycl oparaffins and the dehydrocyclization of —
somg PORIqncof Feterfraishalsabriresaiged ydhe sanbhes. Hylragesnigh gas is conducted
. ' [ ' . [ i uded jsoneri.zation of
vin 1084 BQARRLERLRbACR TR SOk RS el PR TG B Ry be
inclodedf (notsshbonh sogatrdf fecde g@nedidyen pearer i zati on of
substituted aromatics. The hydrocracking reactions
[0043] | u@élqlpfbstwm@@paa@@g it fust apchdigsel ifued rarmpR garaffins and some lighter
r j zati n-paraf fi ns to.,aro i.CS IS o
s BERBAT 340 Ui BRI A0 B 85I G abyggponaion
zond @ Fiodiiet fasteonatioioRB0AE opditted €6 tHat pRud’ @B béntains the
product. In this application, the hydrogen generated
hydiggarbps ipadhotlingrgngemastdenefidial gomeedeg the dgsippdovtiation fiidr
ik i | : t he deoxygepation ne. The
specifeabiBng BB o8 ol PR o 85 of FOAGTRY 1 0Gonel it mponen
of aviafi@sfuel. Mae NgHteo gRMRRAIsGALKI QOB RRAANLH PPFZ A8 emd R in fractionation
i soneri zation zone, and or the sel ective hydrocracking
zoneQseheag eain dfrad ipedioarnd segam 3p araafbricasdudtest indine 38 to reforming

o AL B B SRR AR G oy,

an eRterrial QEr&TPRURRSHOA fédAen3Fe irbdude8 S8 dforing HSH: Rot sh )
density, which may be desirable. [0042] %ur#%nge??%tﬁésown)

If desiregly the napbihewad LEG mayibe Hether @peamntedrintotand R(e stedaimoand a naphtha

2 allong with nmake-up hydrogen stream 42 and
Su&é@?%&é%‘mﬂydrocarbon recycle 46. Contacting the

[0043PN D@f&b@@%ﬁs@l@ﬁ%@%b&ﬂih? p&ihﬁhigyéﬁthﬁrpe&%g&tm@ lfor the specification
catal yst or set of catal ysis generates hydrogenated,

of thg apirligpe fitel e, remevaskinibpgbms strepnk 82 Apdrtios@frbpit@esistream 32 may
be rerchge%(i and §24 Gs ﬁfeﬁ lsdjc%nats, tjdﬁéxample, 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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Reaction zone effluent 14 is introduced into separator

16. Carbon oxi des, possibly hydrogen sulfide and C3
w@eaolisght er conponents are separated and renoREHUS2009/037066

line 22. Dependi ng upon whether the separator is

operated in a hot or cold node, the water may be

renoved as a vapor in line 22 (hot separator node) or

as a liquid in line 18 (cold separator node). In hot
zong gpfartherorontrdbthe Apatad dédciiomatd grovigaruémbtliguitbion pmeE¢ndies. The

renmpved fr n124 %&3§ ed belom1 The overhead in line
recysls UspmE L §ifadiced Lo iy dplgirih %E?@C%h@?ﬁﬂa phiorge Subsequent
bed§ 6384 ORSOANBerdeREo AL hg&}o@&rﬁéﬁ fie %15 %r‘(g the temperature rise

decar boxyl ati on react e car i"OX1 ¢ e can bhe
acroseﬁnvmuvfdndrheﬂhd{cmmes sis disdusseabdyy, e ansunelflhyifoivdon recycle
e art Bea tion with an aqueous inorganic

mayéa fripaniogd by HPObhEistired hyilraggn aplsbiist indhe reagtéon zone and to

oA L0 PSS
paragiiek. Iﬂ%ﬁdﬂsmg/tli@l@di(%n shbéhy ir the e¢aao@brettuteyalloaf Qélgdm@&sssful
ure caroon

may be e oyed. If desired, essentially _
opergit %&?ﬁ@‘”& eﬁéfﬁﬁe@wwwdw F@@‘e@@?@ﬂ%@’“ﬁﬁ’é&%@éﬁle and

h
o SRRSO ) ST S AREPE H
catalyar dnofacelamaiiedeces thel fortaatdfh dnadéydblegenvysednipohents Avhidhiead to

26. pendi ng upon the scrubber technol ogy sel ected
COk@%ﬁﬁggﬁ?Vﬁéﬁwﬁﬁmﬂﬂier may al so be retained by t he

ru Line
00438 R oW AHERRERP IS friod B BROEEHEY lf Bren Rt gonor
interafed @b ne andubdimipgtioneni the berdedly(Hroid SOpaBY the Ghv‘éﬁﬂ@xf & set out in the
recycl e gas hydrogen purity. [0043] A liquid stream
amm@éﬁ¥§?ﬁ@hg jet fuel and diesel fuel range paraffins
and somre |ighter hydrocarbons is renmoved from

separator 16 in line 20 pid pﬁ? cted to product
fractionation zone 30. Prodagt ?actionation zone 30
is operated so that product cut 34 contains the

(0046 dr deexlygamstiom hadibgerlaiiog selactge hydsicrableingfand iisvimetigation of

[ t d t fuel f t
refingf Bl o difecuizen BEURT uBiasch Foie trsE ket AEY Gibwictional catalyss
| f t
was &fco ligheRlb ?%Wﬁ% tﬁg g??qgﬁlf)ea?i %latﬁdv@l dsgpﬁlﬁégl]alryst 1521 tubular furnace

er materi al napht ha an
ata Qontrbld@dbmpﬂatureo prezame spaoervlamaxﬂy sihd Haﬁﬁ&eﬂﬁratl(AEaaf éxlp@ﬂrn@ﬁt was
stre®n136 naX be conducted in line 38 to reformn

run af gearly cempletey Wﬁgeél@té(ﬂl anq hyp%elmloﬁﬁ§,tl§éoyt@é§, eil @@thtacpomon of the

|
T T
18 carledrortoma @ hz@lﬁexyg@nz(tlbﬂtprmhmﬁ‘ﬁcludeﬂ iR <I0.eH,01 4vd padahé;Ralfur was

a%g%égg; be further separated into an LPG stream
remoy @%ﬁél@tﬂr%ﬁ%q{é@e selrstivg hydrogadyingacbeminsbids gas
phasd ng&t aau%saanm glht Ri@Phik Al 9h%. than acceptable for

ECI I cat
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of the aviation fuel are renoved in bottons stream 32.

A portion of bottons stream 32 may be recovered and
waswd/1s1$9¢ uel such as, for exanple, |ow sulfurP¢iEES100037066

oi |l fuel, ethylene plant feedstock, feed to |ube

pl ant, paraffinic solvent or dielectric oil. It is

likely that bottons stream 32 nay be acceptable for

use as diesel or a diesel blending conponent. A

portion of bottons streamBRBLE Irecycled to the

reaction zone. A portion of a hydrocarbon stream may

al so bg_cool@ta@own i{ necessarly andg used as ol

quench |l i nempbrdet\@en| bedsof the rgmcti onzongpt o

further| copdss@b (dsip hpat gdo reacti ogppand |pr oVigge

quench |1 quigkJ ary enef gengizes. [Theé pgCycle STfgam ray

be i nt riodygREd tLydde | Nl &oo®T The T,8gst T on zQgg, ang/ or
to any [SUbSeAHRRGY DEAF OTgflgactors ogeye benef g —of |t he

+-

hydr ocar bogy LRINRIE 15 T O eoNtTol the Tenperatire Ti se
acr oss [Thesd/n@l whgtal | beus: However; as dirscussed
above, |the ahsdeet of hydragearbon resycle |may g is
deterninegmb@&@de@pn thepgdesirigd nygrogegn so&ybiiity
in the [reagiHdNqa®Ne pNd 79, M Ni N ol e [Cragktg
severitly PegnhPas@nt o [ eslgh, I M NI ghggelegtivigy tO

avi ati qn TaRgg.@ar af i ns. gbNCT east g, e hydigggen
sol ubi ITTy Th the Teaction mxture at tows o

successful operation at |ower pressures, and thus

reduced cost. Operating with high recycle and

mai nt ai ni ng high levels of hydrogen in the liquid

phase hel ps dissipate hoEXgﬂﬂPbEgt the catal yst

surface and reduces the formati on of undesirabl e heavy

np i . W | yst. . ..

0 Rt a0 EhIbE Byl Eehohin SO ORCEELBY B somerizaton of
refinpd-biacleddiebdoridell (RBDaLdybBarDdil dver Swod dvfeRint @nlHektbRal R@tlysts in

.intended as %n undue | imtation on the generally broad
Serieg 4ah éCC@fn@ﬁléﬂ it he KBLI sqybea oif @W%@Veaﬂﬁ@ﬁlﬁétﬁm catalysts in

seriegk @z.ﬁtgi??t \}?ﬁygg?%sgﬁ i Qliqﬁgﬂ;man é&%ﬁ%‘&ﬁ@gy‘éﬁ%ﬁ&%ﬂ%ﬁ i)l%QSure,

sel e crac I Soneri zZa

space eélbeigdlaml Hafdee cative DhioeipedthentREI)rus ayeaan cathple@\dbxygenation and
several djfferent multifunctional catalysts was

hydrogenation efdhetpyBeaniqibyithg Petkien RBthe sia3amsEns sldactiviwhydoencked to

e N T s -

produas inolud&hCl, EXpEMIOTaAY pipand; il fidtwReahbydGO MRS Sdfer side
deoxygfnatlon and hydroqgnatlon of the soybean oi

prodygts Rt te seleetivshygrocrasking Tpagtionfingludesgas ebaseighy products and light

P r -] ran araffi,ns havjn
A o A T S G
yieldpaodiict of isoyhetntl 61 féedstollOprockts€d. and propane; sul fur

was renoved as HS. O her side products of the
sel ective hydrocracki ng function include gas




phase |ight products and |i ght

paraf fins. TABLE 1 EXAVMPLE 2 [ 0047]
whyaposemat | on
i sonerizati on of

soybean oil

sel ective hydroc

l'iquid phase
Deoxygen
racki ng, and

ati on,

PCT/US2009/037066
refi ned- bl eached- deodori zed (RBD)
over two different nultifunctional

catal ysts in series was acconplished by flow ng the
down over two different catalysts in

RBD soybean oi

series ( catalyst 1 and catABLER 2 )
furnace at a controlled tenperature,
and H2/feed ratio.

nearly conpl et e _de@npgehat °6h a

vel ocity,

soybean oil wt

in at
pressu

ubul ar
re, space

Th

ndChiy2i1368f€n

e eaperBmrent| was run at

ion of the

h aPreesure (hRagf t

he n-spar af f ns

sel ectively hydrocracked to pro

paraf fi ns havi

a_ap i ¢m) el v

dGet1j&E Oafin
9 t021B0carb

ge
on at ons.

The deoxygenat i
propane; sul fur
products of th

an_H2/tees tsckibbine|
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was H2Onmverl as

H SI3. 0wt s

sel ect Cve hydro

cracki.fig fun

i ncl ude gas phg

se |igh€2product

s andOki ght

phase paraffing.

Tabl eC2 sunmmar

i zes rv.eact or

condi ti ons and

r eact oricef f | uent

soybean oil fes

dst ock nqm4ocessed

. TABLE62CLAI

process for prg

duiaphiigh @chygaeag ar bon prqoduct

froma renewabl

eaviaiedgbeckarotd)e

stream conpris

hydrsagar bon

ng bigsk grerdipns

, H2O and
i de

ction
[iquid
operating

yielgs as wt.-% of

M5 1) A
stream
pr oduct

havi ngg boi | i

in the aviation fuel
a) hydrogenati ng, deoxygenati ng,

range,

i Soneri zin

ng points

sai d process conpri sing;

g, and

sel ectively hydrocracki ng the renewabl e feedstock in a
reaction zone in the presence of hydrogen and at

reacti on condit

i ons,

cat al ysts havi ng hydrogenati on,

i soneri zation

car bon oxi des,
par af finic hydr
car bon oxi des,

catal yst o
deoxygenat i

by contacting the renewabl e
feedstock with a nmultifunctiona

r a set of
on,

and sel ective hydrocracking functions
to provide a reaction effluent conprising water,

i ght hydrocarbo
ocar bons;
I i ght hydrocarbo

n gasses, hy

n gasses, an

dr ogen and

b) separating the water,

d hydrogen

fromthe reaction effluent to generate a stream

conprising the paraffinic hydrocarbons;

c)

separ ati ng

the stream conprising the paraffinic hydrocarbons to
generate the hydrocarbon product conpri sing
hydr ocar bons having boiling points in the aviation

fuel range;

an overhead stream conpri sing napht ha; and

a bottons stream conprising conponents having boiling

poi nts hi gher than the aviation fue

range;
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and d) recovering the hydrocarbon product stream 2)
The process of CQaim1 wherein the nultifunctiona

w@2m0aliysho or set of catal ysts conpri se conmponePtBUS2009/037066

selected fromthe group consisting of noble netals,
sul fided netals, sulfided base netals, zeolites,
non-crystalline silica-alumnas, and alum nas. 3) The
process of Claim 1l wherein the hydrocarbon product
stream conpri ses paraffins having from8 to 16 carbon

CLAIMbBS. 4) The process of Claim 1 further conprising

1)

2)

3)

4)

5)

recycling a portion of the bottoms streamto the
AORES B B B dFogEnarodiTE stichn, R et ayafecdstock, he
RY@6€FBorPprofl@isieakn WhHBliRe hilG ol LRGWARL & fb?ﬁﬂ%]tp%%hs in the
conpri ses at | east one conponhent select eg romthe
grisgn Bohwngd, ismd podcefsatanyprasdigd al kyl esters, canol a

il, .corn oil, soy oils, rapeseed oil, soybean oil,
%0 | hi'gro&eﬁla’tmga(iiqoxggqn’aﬁg% A%9 ng, fqlc? sq%%glégydd&qa’ckmg the
ol ir¥@vwiible fe!zdsﬂli‘ﬁqg ,al%zlctioﬁ Q&QJHRhﬂ)Ilesen‘éélgf Wdr(géeln'and at reaction

peanut oil, palmoil, nustard oi cottonsee
oi lconditibswpy yehthamgahelrdnewabie fecdstoels witharmyltifunationaichtalyst or a
fats i [ oi |, sewage sl udge,

i1k, fis il, algal ) ,
capret oS haishadtagendtqlasoSsbnadon. Keur s and selective
balygafrRking fRakichel i | irddaged
Th 2@ pr of: esls 8 o?@&gg?!rﬁ p1r O%E?tg?%rc 81811(1) ﬁ%{ﬁ?’s‘f]ﬁﬁ’é‘{b? igln%e‘lé%?rh éarbon
or oxides,dghiwhydro¢aneon gmessalnideodenedd ppakfinia hgdropabant

el ected fromthe group.consisting of a petrol eum
@y&?&?&%{% e Wé@&s‘?@g’é’ﬂa,oxrq%a ig@éh&%rp?%w £45¢fh and hydrogen from the

gasédcti6RLIRRNERD ERBh QT i :
dovvns(,:tlr eam | Iilquegfe acttiegnS t‘giﬁflg BI gg%g rﬂliea&eééﬁmgml@ﬁr&arbom’
Qe pepayarimgi thastraam conhpeisirg] the parafferd bgdrocapbonsas generate the

lastics: and .other synthetic oils generated as . o
by BVt be’ g SCTPTEHE B ik DeS BGTE Lalinspgbleda ths aviation

7) fddd@arlRe O eGSR rithd gr@dn%&nﬁwﬁﬁg {elﬂ)h'ﬂpf aﬁc?QB&it(&ﬂsl %[%gﬁlscomprising

ef fl uent” further conprises at st propane

s e pempomitsf ragimgttod ingeaeits dighzothen efefdviteioh fudl bohimg point range;
segﬁiator and conducted to a steamreform ng zone to

pr ce at | east hydrogen, and said hydrogen being

deeel &sholife B ion zone. 8) The process
cgf d ai mgtlt c\e/\ﬁ&ré?ﬁ% %Igglé%g?%drlf zone effluent further

Preavoces op@lah fli wiertia vienguBiferctives Saaisberseadonmalyd &inprise
c%?n%0?1(%:%3{Jl ge%c%edd rfr&gr@lé) gari)glf) fccin{]s?stilglg\gf ggblg II?ertalST%lrll?ided metals, sulfided
base metals, zeolites, non-crystalline silica-aluminas, and aluminas.

The process of Claim 1 wherein the hydrocarbon product stream comprises paraffins
having from 8 to 16 carbon atoms.

The process of Claim 1 further comprising recycling a portion of the bottoms stream to
the reaction zone wherein the volume ratio of recycle to feedstock is in the range of 0.1:1
to 8:1.

The process of Claim 1 wherein the renewable feedstock comprises at least one
component selected from the group consisting of fatty acid alkyl esters, 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,

24-
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carbon atoms, the paraffins having 8 or I|ess carbon
atons being conducted to a steamreform ng zone to

wee@doswoat | east hydrogen, said hydrogen bei nBCT/US2009/037066

6)

7)

8)

9

recycled to at | east the reaction zone. 9) The process

of Caim8 wherein the hydrocarbons having 8 or |ess

carbon atons are separated into a vapor stream

conprising paraffins having 5 or fewer carbon atons

tallow, gellovg andibetmeamaseqrigd] sain @il platsaf fnins fidRvil el ol sewage
ater carbon atons, with the vapor stream being '

%ﬁ&a CERRFa) FHRelna ik goph? ailfyreas A, babgysumil, palm oil, crambe oil

rdpn product stream conprising hydrocarbons
E%%Fﬁgaﬁggligg points in the aviation fuel range as

pride peaetshyf Clhsn prrocies sodbrisihgicoifdeding or mixing with the renewable
feedstock, a component selected from the group consisting of a petroleum hydrocarbon
feedstock, 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.

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

The process of Claim 1 wherein the reaction zone effluent further provides paraffins
having 8 or less carbon atoms which are separated from paraffins having 9 or more
carbon atoms, the paraffins having 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.

The process of Claim 8 wherein the hydrocarbons having 8 or less carbon atoms are
separated into a vapor stream comprising paraffins having 5 or fewer carbon atoms from
a liquid stream comprising paraffins having 6 or greater carbon atoms, with the vapor

stream being conducted to the steam reforming zone.

10) A hydrocarbon product stream comprising hydrocarbons having boiling points in the

aviation fuel range as produced by the process of claim 1.
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