CONTROLLI NG COLD FLOW PROPERTI ES OF TRANSPORTATI ON FUELS FROM RENEWABLE
FEEDSTOCKS CROSS- REFERENCE TO RELATED APPLI CATI ON 5[ 0001] Thi s application
claims priority fromProvisional Application Serial No. 61/138,147 filed
Decenber 17, 2008, the contents of which are hereby incorporated by
reference inits entirety. 10[0002] (cancelled) BACKGROUND OF THE | NVENTI ON
15[ 0003] This invention relates to a process for controlling the cloud point
of transportation fuels including diesel fuel and aviation fuel from
renewabl e feedstocks such as the glycerides and free fatty acids found in
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10 [0002] (cancelled)

BACKGROUND OF THE INVENTION

15 [0003]  This invention relates to a process for controlling the cloud point of transportation
fuels including diesel fuel and aviation fuel from renewable feedstocks such as the glycerides
and free fatty acids found in materials such as plant oils, fish oils, animal fats, and greases.
The process involves hydrogenation, decarboxylation, decarbonylation, and/or
hydrodeoxygenation and hydroisomerization in two or more steps. Desired product

20  specifications and yields are determined and recycle streams are set to achieve the
specifications and yields.

[0004] As the demand for transportation fuel increases worldwide there is increasing
interest in sources other than petroleum crude oil for producing diesel and aviation fuel. One
such source is what has been termed renewable feedstocks. These renewable feedstocks

25  include examples such as plant oils such as corn, rapeseed, canola, soybean and algal oils,
animal fats and oils 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 glycerides and Free Fatty Acids (FFA). Both of these types of compounds

contain aliphatic carbon chains generally having from 8 to 24 carbon atoms. The aliphatic
-1-



carbon chains in the glycerides or FFAs can be saturated or nono-, di- or
pol y-unsat urated. Most of the glycerides in the renewable fed stocks w !l
be triglycerides, but some of the glycerides in the renewabl e feedstock may
be nonogl ycerides or diglycerides. The nonogl yceri des and di gl yceri des can
be processed along with the triglycerides. 5[ 0005] There are reports in the
art disclosing the production of hydrocarbons fromplant oils. For exanple,
US 4, 300, 009 discloses the use of crystalline alumnosilicate zeolites to
convert pkahon didis is thelghaerideo oNFBAS cande hgtdraedar bons-, duohpay-ugsetwhiethe and

chem cal s,such. as para-xylene. US 4, 992 605, di scloses th roduction of
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the products. The diesel component and the aviation component may be suitable as fuels,

used as components in blending pools, or may have one or more additives incorporated before

20  being used as fuels.
SUMMARY OF THE INVENTION

[0007]  The process is for producing diesel boiling point range hydrocarbons from a
renewable feedstock. The process comprises hydrogenating and deoxygenating the renewable
feedstock by contacting the feedstock in a hydrogenation and deoxygenation zone with a

25 hydrogenation and deoxygenation catalyst at hydrogenation and deoxygenation conditions to
provide a hydrogenation and deoxygenation zone effluent comprising at least n-paraffins. The
process calls for isomerizing and selectively hydrocracking at least a portion of the n-
paraffins in the hydrogenation and deoxygenation zone effluent by contacting with an
isomerization and selective hydrocracking catalyst at isomerization and selective cracking

30  conditions in an isomerization and selective hydrocracking zone to generate an isomerization
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30conditions in an isonerization and sel ective hydrocracking zone to
generate an isonerization and selective hydrocracki ng zone effl uent
conprising at |east branched-paraffins. The process involves selectively
separating, in a separation zone, at |least a portion of the isonerization
and sel ective hydrocracki ng zone effluent to provide: a diesel product
streamconprising a first portion of the paraffins having boiling points in
the diesel boiling point range; a recycle 5stream conprising a second
portion ofand kdeqtiae bydroanackingwviongeffloerticomgpyrai gt deasirbranvbedipasaféins. ddie prasgsspoi nt
range wher.ein the conposition .of the diesel pro St ; recycl e
stream ar dM{PO¥ES ﬁ%&lg g&é?P AGE AP 45gLioy ﬁ%neoia/@‘raﬁggﬁélg? ’% %ﬁtﬁg]cs gﬁglrl%aglﬁﬁg at
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may further provide an aviation product stream conprising paraffins having
boi | i ng pooint sanpawhéreinahs ampositioodf tha diegd produeiatgan aBRhEFRCPESORIPTHION OF
THE DRAW NGS,.[0008]FI G, 1 is a general flow.sch ne, e iqent of the
i nventi on “\%@F &% ncg%td?aéw&ovg@ﬁds%rg?m88@8%% %?‘q%%ﬁ%@%%d ?ag;R tglg'nglr%at e the
product stEgaRtEdandRedybied Rahaisbingiifatibs ayldefectvd BRAM@kinBeohes Ther i zat i on
zone. [O0O009JFIG 2 is a general flow schene of one enbodi nent of the

i nvent i on sfEatien zoredagichave p singlei fHeNaEN cBVTRTWPST B9 BRrEanation GelNBYSt e t he
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process f durther pabuice ng aghtidremeducasttdamstonipyising panaffon hprioglbwlingpaieam dsef ul as
di esel boilin 0j.nt _range fuel or diesel boiling point range fuel bl ending
conponent af”taﬁﬁ%i ]gm m&%@ef eedst ock such as those originating fromplants
or animals wherein the process provides for controlling the cloud point of

t he produced 25 fuel or BRIEF DHSERIPTIONORABIEEDRAVWIDIGSONnal |y a second

hydr ocar bon product stream useful as aviation fuel or an aviation fuel

bl endi ng ne y be produced, and the, process y be. used to control
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poi nt 1of Hheuprashet oranaklapidiee f wabsietne poeict s@eei)iaaticpamf@asc provi ded

by industry, governnent, or mlitary. Different types of diesel fuels or
avi at i on Fefepls siepn 9ehgpispmerzation g3§- t he current

[0009] FIG. 2 is a general flow scheme of one embodiment of the invention where a
recycle fractionation column is employed to generate the paraffinic recycle stream to the

isomerization zone.
20 DETAILED DESCRIPTION OF THE INVENTION

[0010] As stated, the present invention relates to a process for producing at least a first
hydrocarbon product stream useful as diesel boiling point range fuel or diesel boiling point
range fuel blending component from a renewable feedstock such as those originating from
plants or animals wherein the process provides for controlling the cloud point of the produced
25 fuel or fuel blending component. Optionally a second hydrocarbon product stream useful as
aviation fuel or an aviation fuel blending component may be produced, and the process may
be used to control the freeze point of the aviation fuel. Controlling cloud point or freeze point
of the products enables the fuels to meet specifications as provided by industry, government,

or military. Different types of diesel fuels or aviation fuels may be produced, and the current
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process provides a technique to enable an operator to produce different

fuel types at different tines or different relative yields at different
times. For exanple, should the demand for |ow cloud point diesel increase,
such as with the seasons, the current process allows and operator to adjust
the cloud point of the diesel fuel to neet changing demands. Simlarly, the
freeze 5point of the jet fuel or aviation fuel nmay be adjusted as well.

Furt hernore, should the demand for aviation fuel increase relative to

di esel f uglqcessroddesragedhnjnue teswblalah opmatantogpeduat differcot fid) tipas at higferenl at i ve
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curcas oi lobtabgB diyscilydiam pavslawk@rdredil dinpthanigrns fat hasibgen g tdeserdicialies and
FFAs th I (5 =2 i lhphat.i ydr ocar bon
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deri ved h§g'|s’58r(‘:cérs Bﬁ(ﬁé’eenfgg}y %‘i‘%so(%gé?%g‘éﬂ‘p §°ﬁl'|‘85\gfaf‘éeéia'§flbsc’flau%' E‘étrar? x(]-J%lcctl)st ock -
conponent $imMab ) cHRYa HE cHBefl, sESRBCIapdskal AB seybesr §iE eslz€ BMNANsN udffower

conbi nation with the above |isted renewabl e feedstocks, include spent notor
oi | s and ioRdesnseed oil, plive cilatinssed pidecgoqngt el fpYionpil 8eANVY pily RRlgSOTH @pYs from

gasi ficatign a4 D fal. . t m

7 et St PBreepae bt TR, Bl BB S O e e

f r om depolojinewiagasliodpe, cupherdipbamelinah@hjat@bha af, cwast @l, phizestu @b psluckersd

pol ypropyl ene, high densit ol hyl ene, and | ow densi.t ol yet hyl ene; and
ot her synt"ﬁéf"i1 Hlediqtf’sﬂﬁé%@f%‘ﬂegan%ghﬁ%Bﬁgﬁf}'@fcgld ‘felg?)t\f,’}iﬂﬁ& ?‘BE‘fyilef?ﬁ %Oéfmrhnd

chem cal RRAGASHGEocMRIHUEIRSintheit fucAROWRich BRESE QCHTafRY afhBGvilkes Magd as
co-feed conponents. One advantage of using a co-feed conponent is

t r ansf or maf iheilpFonipining high chraspirations pHiafe acidovise | @anald @90 3FWfuct from a
petr ol LUMVBRREL REOFETSof B Bl B NAR Larli Yol SE T GOTRAMS BockBortsHEayGiilor €Nt
be used as the feedstock. Other feedstock components which may be used, especially as a co-
feed component in combination with the above listed renewable feedstocks, include spent
motor oils and industrial lubricants, used paraffin waxes, liquids derived from gasification of
coal, biomass, or natural gas followed by a downstream liquefaction step such as Fischer-

25 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 transformation of what has been considered to be a waste

30 product from a petroleum based process into a valuable co-feed component to the current

process.



process. [0012] The principle hydrocarbon product generated by the current
process is a diesel fuel or fuel blending conponent. The di esel conponent
conpri ses hydrocarbons having a boiling point in the diesel boiling point
range and may be used directly as a fuel, nmay be bl ended wi th other
conponents before being used as diesel fuel, or may receive additives
before being used as 5a diesel fuel. In addition, the process may
optionally produce an avi ati on conmponent whi ch conprises hydrocarbons

havi ng a B@012] ng Fheipnincipla hydrecashongtadoct gondrhiedy theturtent prngpes iswhiiestl fiedcl udes

the jet range,  and nmay be d directl s aviation fuel or.may be used as
2 bl bndi ng" CEHGHEH aBoTabin AL FabrerE R PHHES hEPoceBae B i ey e o

avi ation fyggtin B diBRYbIiRREIoHR radé hdd MBsehRéDdiRciedsAdudl Sash Rblaide@witat | on
fuel . Dependi ng upon the application, various ioadditives nmay be conbined

with the aicaednnenensnisiore Reingpsed pedigsebiel, ocampErravstaddiinerbefastibsing bedar to
meet requir {,f.) j . i f (NN i cul ar,
the. avi ot Py iy b B2 kol iy cbRBlly PR o B otpohbe PR Sty i s
a bl endi ngomprigee hwhidcafbons havingraebpiling poionipitineddianion hoibmepant rangeevladdi ti ves to

neet ke roduct specifications of at |east on f: ASTMD, 16 .
Soeci 11 bartOies e SRk poRmr peysrb  Rsay & R B By A Es S hibdinge Fuel

15Avi at i ORoKBEREED tncddtBEspedifitatidns foNAIfci0 e bf SBatiolr fidd, or fmag fechiwb at i on Fuel
Quality Requirements for Jointly QOperated stens (Joint ecklist) A

conbi nat i efdiByes AP being usrsk as S aviaiaduelr Rersadise wrg theiapphcatigtvarus|
Speci f | cat j Qn i . I ; - . b at.d I . , Wd
it Tybe: s WSk G G AP alinetiioptnl r AYAiBk] OpbRi R W e

M L- DTL- 83id88to nddet RquiMdlsp&Ticab&R4or differdnt sgdeifts fQMN/-Iit pBrdai, the agid&spleeli f eacao

de Querosene de. Aviacag No, 3 Jet . Fuel (Chines ccordin 3B6537 DCSEA
134A (Fr aﬁ%‘@?oséé?ﬂﬁa?‘é’é@?( BUerapsg e BB & PP IANE£PIBR" “Er&bé” REY 88ene

Avi ation Tshbih&wimv8icor or@idagive £ @il ke§prodiBbediicatiB of enedstbnegifade
requirenents for Jet A Jet A1, Jet B, and TS-1 fuels as described in the

TATA Gui dax¥d@! Nei6e? Sedciffcationor Avindm Tubipe HeelHefpnseStan o -8 hTirbing Fusthe

avi ation f . I rr.ed "Letad el e j <term"jet
Fuel » 1551 AV Btial Réode 1Gh 1L 1 MR odk s e A et Ll Ot one
above as WRefplireaents fordnmaypPasated Byadmfioiftu@eckisd asntandtbe nbASMcodbehiient of

an avi atiqgn fuel neetj tg spe iL'cations ove.  Additj 2§tadded
to the |j _egtaf’ GEIPRERSY é@thl S%?e]gf 19‘}9 $fffi"€’ﬁff‘t§1ns ?‘%&&‘a%‘é lﬁ%héﬁgﬁgﬁa i cul ar
type of | alidibgiruibmeHei8widlediiNge O¥aMah AN/ GSBECI3f AGatdnomiivhd FlTL- 83133,
which is a mlitary grade type o Rhghl refined kerosene based jet
propelIan%fgﬁﬁ@ﬂbvéﬂgbiﬂﬂh 183 P e MED S - AR b PR V- iBEazilie |~ produced
from g YCRrlaes 0f dfie RendRARE N EFe el KEniMGEVacSitin B GREsF7IREREAT 1 ni ¢
ker osene or- | , 4als f<novvn as a synt etic Jet eﬁ .
134A (France) Carbureacteur Pour Turbomachines D'Aviation, Type Kerosene Aviation
Turbine 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 may be referred to as “jet fuel” herein and the term “jet fuel”
25 is meant to encompass aviation fuel meeting the 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
30 States Government. The fuel produced from glycerides or FAA as described herein is very

similar to isoparaffinic kerosene or iPK, also known as a synthetic jet fuel.
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[ 0013] The current process allows for an operator to select a target cloud
point for the diesel fuel or blending conponent to be produced. If aviation
fuel or blending conponent is being produced, a target characteristic such
as freeze point may be selected. The relative yields of diesel fuel and
aviation fuel may al so be controlled in the current process. The 5process
calls for the recycling of a select portion of the diesel fuel to the

i sonerization and sel ective cracking zone. The diesel fuel produced is
fracti onat[@l3o t Hatcurdest fiemss alowp doraihfoperstor suelkechastatdabgdendppiitder the om 17

carbon ato reater, are recycle to the isonerjzatiagn and selective
ok ng. Thnel TR AR snBbRshfiBde piwhSdh MR OLREl S rAe SRReS R e .

| onger carfeaiy ehdiced, RYAEa CRiRAATakRh%e Fegleipspk Yhag backeded Thorewge | er chain
paraffins and isornerized to 10branched paraffins thus increasing the yield

of the di eddfs ¢fifigselfvel@nd ariatasmiel BarsorhpdppiEclien dhde KREH §rotess ok i ewer
car bon;at T0i tLQRY; ' ; Qo FdrPUGo PNt  of
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ASTM D2500¢leSiveerakingeoys Toe dipsal fel progduardys fTactiokatedsof thatrehedviecpardfting i n

the aviation fuel range.thereby influencing the yie f .aviation fuel and
bor haps. ¢ OO HHRoretRTE EPES Grttenalomana srer i TFoigle o Ris R arflhe

avi ation fyRbtiRI@AUERToNBYh MBYRNRIiTAREZR] RMcAVe Shckifk/4ondthdse SdhgeiBrbon
determ ned by ASTM D2500. By selecting different quantities of the diesel
fuel to rebyiahydgpbens aseielsstiyohycrasked drte pnalleg ehaipparpfiias apdesmerizge (o t o
recyclge, dj. s 3 L | of the diesel
comonint SRRl B BE DT e T8 A8 TLULT b
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variety of inpurities. For, ex I tall oil_ Ls by psoduct of the wood
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possi b € possi etreatnent s es contacting the renewabl e

f eedst ock lessids darrmined ex ARENDR2509sBysdlevtiag piffeteneaitamsnes of dresliese! foelabr eat ment

conditions. The ipn-exchange resin | n acidic io hange resin such as
Anber | yot Ti 98 s B e tGear e ol Bederul oasoll RRFALBRSHRVER ¢ he

f eedst ock pksgutd L WRE rdidive YRits of tHeRRdseltBilpONEn® indt@¥ATihE@M cofpohide mal 86 hNI que

i ncludes contacting the renewabl e 30f eedstock with a bl eaching earth, such
as bent onichanggd aywell.n a pretreatnent zone. [0015] Anot her possible neans
for r Vi ont@am j ! i I S .1 by by

cont adt i g0 AL T SRBLARIL ek ote Mool A cHocthondCH ol So@b b BRbME 20 i
phosphor i émpwitiehyiéhr egdrhygie,itall oihisa bygacduor of tHheoa@rprdcaasidg indngvyadol ¢éalf @kbdst ock
can be contacted either in g batch. or tinuous, process. Contacting is
done wi ¢ h CHTET EYG® BT SI8GF G MOHOUad [ s R RiEIeane Semargriachy
at nospher ithe RBSAE Geddtbeks Ry GRBBRthinREntSifdAR Qudh s GO MdiAIs @US sdamnner , it
is usually done in a counter current manner. Yet another possible nmeans of

renoving fed potass 2hespheroys S astelidsewaigaidedetesgans d@leriianal firsbeigihist he use
quar d-heal STEE L BEG Eorf BB B AR R] Dne SAEHE SARATLAEELANE ST o
cobal t. Ficbitiaing oie ramdvabizl fe@idtocke xithaa ioneex chegh ndsfiui@s: pretreatment zone at

pretreatment conditions. The ion-exchange resin is an acidic ion exchange resin such as

Amberlyst M- 15 and can be used as a bed in a reactor through which the feedstock is flowed

through, either upflow or downflow. Another technique includes contacting the renewable

30  feedstock with a bleaching earth, such as bentonite clay, in a pretreatment zone.



| Oare ot her choi ces which nmay be enpl oyed. Hydroprocessing such as that
described in US 2009/ 0000985 Al is another pretreatnent technique which may
be enpl oyed. [0016] The feedstock is flowed to a hydrogenati on and
deoxygenati on zone conprising one or nore catalyst beds in one or nore
reactors. The termfeedstock is neant to include feedstocks that have not
been treated to renove contam nants as well as those feedstocks 15purified
in a pretreatnment zone or oil processing facility. In the hydrogenati on and
deoxygenat [0015]z on&nothéreof siielel sieaakfor iI8moving acttedinantt v samild ahidgestalhons or

hydrotreati ng catal yst i.n the presence of hydroge t h ogenati on

condi ti pnscafrgadlﬂ/‘m% Hates ﬁée“STV%'T%? ?ﬁegst‘aﬁk %%é%ﬁagf‘{;?“g]ﬂaﬁ?‘ﬂ{lf“gﬁ’étr%f t he

al i phati c fhseiiRearPePdehAbMSn atYAIR IBRALIINd HnchYBIE Rlcafadkd Ja8 be dbhy&t s are
any of those well known in the art such as nickel or nickel/nolybdenum

20di sper seaithenina baichler santibaeus psgeess- SoBpOME is donp atithipydibsgeilolvgien ggtadly y st s
i ncl ude one _or. npr obl e BANN - di. r . i gh
surtace arsatpiieERpRaRCoal R lleBrt TSR B RAEREA BBl 2
and/ or Pd mimpeiisedsualy dgerrima abwner cacrertyichn ogreYiettanotherqosdblt imeass ofncl ude a

tenperature of 200C to 300C and a 1379 kPa absol 0 .
o e KPamAKSE B CorEBngs Hom e KBTS IR KeiBioie: Panse flumatfgds P &)

hydr ogenaty, 0, ZQRRIZASHE iV\BE hrt IHRYW cah IndifiR airhina fORd #ddt REnd Ydimagenabhon and
hydrotreati ng catal ysts enunerated above are al so capabl e of catal yzing

decar boxy| denietlatiofecatal rtsrapttnas rdekel errrebalr Filjratiasdas xglyerm sxirastion fechpgles

f eedstock to renpve oxygen. 1.0r 0 i

hydr odgoxyaé%%té?li On & e ‘%@Pg?rggg%{ﬂ{gggg%@g{o &C%Sggigr%{é% e{ggﬂaggésggg%ﬁggjnsati on
react Lons.zé)Dem&G@@ﬁa\tli i Bncigen Giekiemient tachnitge whidBGn®l wtempddygd.| ow pressure of
1724 kPa absolute (250 psia)_ to 10,342 kPa absolute (1500 psia), with
enbodi ment@016]  hEhe i5¢gtock s fowed tq phydragspalicn apy degrygaBEoR BPCPABRYSBEI a) or

bel ow 4826, %Pﬁloﬁe%%lﬂE Seds [PGheR infbre redctbRMPRY Bintfed @fck20REar @ ABRAGe Wi t h

enbodi ments in the range of 288C to 345C, and a liquid hourly space
vel ocity deeddtoRks that Mvédnot begrt treatedtbo cimrynicenthminghie ay welyes thpserfeqdstogksnr 1.

Si nce phydrogenation is. an. exotherm c reacti.on, h) togk flows
t hr oudtt': t Wé%glg(?ﬁ’l ay%’f3 rgaRey ﬁ%netoelr%lé’}%cf %an ffa‘lﬁgpélggtgesﬁiﬁ%f’eggg)z’raggxyl ation,
decar bony|dbkyenatiandoid) drfedicoxly gevathétedwith b hydroganationbithyoreghatingeatalyst

hydr ogenatiil?hré reacti Ofrﬁ (ii.s exot herm c, song,, _ L
presence of hydrogen at hydrogenation conditions to hydrogenate the olefinic or
unsaturated portions of the aliphatic hydrocarbon chains. Hydrogenation or hydrotreating
catalysts are any of those well known in the art such as nickel or nickel/molybdenum
20  dispersed on a high surface area support. Other hydrogenation catalysts include one or more
noble metal catalytic elements dispersed on a high surface area support. Non-limiting
examples of noble metals include Pt and/or Pd dispersed on gamma-alumina. Hydrogenation
conditions include a temperature of 200°C to 300°C and a pressure of 1379 kPa absolute (200
psia) to 4826 kPa absolute (700 psia). Other operating conditions for the hydrogenation zone
25 are well known in the art.
[0017] The hydrogenation and hydrotreating catalysts enumerated above are also capable
of catalyzing decarboxylation, decarbonylation, and/or hydrodeoxygenation of the feedstock
to remove oxygen. Decarboxylation, decarbonylation, and hydrodeoxygenation are herein
collectively referred to as deoxygenation reactions. Deoxygenation conditions include a
30 relatively low pressure of 1724 kPa absolute (250 psia) to 10,342 kPa absolute (1500 psia),
with embodiments in the range of 3447 kPa (500 psia) to 6895 kPa (1000 psia) or below 4826
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feedst ocks may be highly saturated and not generate enough heat internally.
Therefore, sone enbodi nents may require external heat input. Thus, it is
envisioned and is within the scope of this invention that all the reactions
occur sinmultaneously in one reactor or in one bed. Alternatively, the
conditions can be controlled such that hydrogenation primarily occurs in
10one bed and decar boxyl ati on, decarbonyl ati on, and/or hydrodeoxygenati on
occurs in a second or additional bed(s). If only one bed is used, it nmay be
oper at ed skpatdbedlutbyroggianatiéaperatewt SOPCitord60°Cywidt enitvdinfanarih tefraidesofbed,

whi | e decar b9x Iat| on, decarbonyl ation and h rod oxygenat i on occur s mai nly
' e m GG Bl SHOr NI PR gace WOl Py GBS Fert Ry SgENaE Bt an be

carried oUhyddbrqng 4hPACEiRle hyilickfiidR EAMRAYMEALE | %@tldﬁe&qﬁpﬂeﬁt&%%s
15and/ or hydr odeoxygenation'can be carried out in a separate reactor.

However, ttheugh thercatalysttbied thegeropéranes ingeasex and degatlocxlylation, dpearkanylation, apd t he
proces [0 18] The reacti r ct .f t he dr i
deoxyg nat gn%%eé'g?n g V%AP ?ﬁcglc%?r%{?u%’ tﬁ%o‘fdﬁo‘%?n%%nIgag?&gﬁste?(%&%ﬁ% S(<'31m§aseous

portion. Tiaistdckiiingly RAigHIPBatGaRPRhE RS gandiye tmgh hex uftdfraﬂtyl Ohereforgpsdise ng
n-paraffins and having a large concentration, of Vparaffl S i.n.20the 15 to 18
car bon nur?ﬁé?OdF%ﬁ‘i‘bsé“aW‘ﬂ‘Hr%?x cginal heps inppt THUS Frigenveoned apg 1§ vwilhimthe scappon

atons. D fdrefie el Radsk Qﬁlﬁfe I@Aclulmﬂ;em SthiifRE&REy iHoRd FhAMtdreNSndbeapar af fi ns.
A portion of this hydrocarbon fraction, after separation fromthe gaseous

portion, nhljerimivelyetie amditivas haydyemoau@itﬂd sn@x:tia@tlfe'dloaettahen pyuipdly @aeas wn and

S e R ML D SN

bl endi ng corBdneR bedzg@cmuﬁ@ ohbaem(dssmcam@rmebpmﬁed sqthadiydrdgsesioassand i al | y
all n- paraffins, it will have poor cold f properties. Many diesel and

avi ati on fH!i’é’P%’%ﬁdh@oﬁ“éﬁﬂf%bé‘é)ﬁ’ﬁ@ﬁéﬁ@@%@f‘“héﬁ‘%@"@%?“ ¥ d flow
properti €Sy el diBod &RGLS! xlqa{?nl?relpfﬂ@%ddl@ aﬁw&t‘aﬁ{ ofrtl?eaféheﬂn&lﬂﬂgésued

i someri zat Pon condit1ons to I SOMerize at | east a portion of the n-paraffins
t o br anchégdpgemtibn om telverred put impne viacgr, Nﬁ)@lcdmad)wwbumpldwérmvl@son Al so

comporent AT BT GHr ARy KAy o BB T praR Rl Ml o R, ange
of 9to 16e@abmlgm@¢t(ﬁﬁ5a1 (VR S{@@e@r@du;qﬁ@bem the current process with
addi ti onal ocessing. [0019] The gaseous portion of the reaction product
fromthe mger{g{q regetigiy groduct from the hydrogenation and deoxygenation reactions will
comprise both a liquid portion and a gaseous portion. The liquid portion comprises a
hydrocarbon fraction comprising n-paraffins and having a large concentration of paraffins in
20 the 15 to 18 carbon number range, with a full paraffin range of from 9 to 24 carbon atoms.
Different feedstocks will have different distributions of paraffins. A portion of this
hydrocarbon fraction, after separation from the gaseous portion, may be used as the
hydrocarbon recycle to the hydrogenation and deoxygenation zone described above. Although
this hydrocarbon fraction is in a carbon number range that is useful as a diesel fuel or diesel
25 fuel blending component, because the hydrocarbon fraction comprises essentially all n-
paraffins, it will have poor cold flow properties. Many diesel and aviation fuels and blending
components must have better cold flow properties and so the reaction product is further
reacted under isomerization conditions to isomerize at least a portion of the n-paraffins to

branched paraffins thereby improving the cold flow properties. Also, additional fuels, such as

30 aviation fuels or aviation fuel blending components which typically have a concentration of



deoxygenati on zone conpri ses hydrogen, carbon di oxi de, carbon nonoxi de,

wat er vapor, 5propane and perhaps sul fur conponents such as hydrogen

sul fide or phosphorous conponent such as phosphine. The effluent fromthe
deoxygenation zone is conducted to a hot high pressure hydrogen stri pper.
One purpose of the hot high pressure hydrogen stripper is to selectively
separate at |least a portion of the gaseous portion of the effluent fromthe
liquid portion of the effluent. As hydrogen is an expensive resource, to
conserve gasitfns ik he ragpar ateth dbondit@gs may be podyaidda the@uirtre pfdcestwirtteact i on
zone containi.ng the deoxygenation reactor. Also, failure to renove the

wat er, carBEHOMORLEFI®E and carbon dioxide fromthe effluent may result in

poor catal Perqfr, Irflorf ¥8hd RAARKIARIEQTRR MGy b8 Rikion SRY bOn
nonoxi de, [g(gl? on ci?dgg?%g,ﬁpdén?/ anmoni a (E)]rp&ﬁiydr ogljen sa'I Ifl de 1gl?e sel ectively

stri pped idaoxtyigenakion zdrieglampriess dpdiogdny darbeyedioxitle. icpiben mespride. Watht gt The

hyd d f I ppi be d I o f c ' :
The t ohpelnidres e i PURaERY o hitrossd s o Bt fLIBRP RS e

separ at i oRu@Hd phbhihe EBiRTBudNB ofB@hd @oR}RhARE zahe Bepfiduiciad £hyt highe same
pressure as the two reaction zones tg mnimnmze both investnent and

oper at i ng PEsEre hydrpgensBippei GRC prage i dheiphhigh Bresere hysegen suipPeds Wper at ed at
condi ti on j U5 6 @ B8RRI AR Aleifudnl B0mARI @uid 0 13, 790
kPa absolEﬁgﬁﬁg%%%x%éggygng%géggég%%egatUQEBO% 40C to %SOC. ZOI%i%nother
enbodi mentpottive ofitie efflught. pis dgdragen iyl expgesnivesiesdupgsero avnser trecosipahasaparated

condi tjon angi.ng fr.o .essure of 1379.kPa,ahsol ute .(20 Si to 4826
cpn abbol v opn syl E o P ASERa BaGong SRR BRSO TR B3 s

absol ute (Gh PSt@dve BN aRr, CRBHL Mdhoige, afd &Pt do38OFom TheefNednt hiagh
pressure hydrogen stripper may be operated at essentially the same pressure

! y )
as the re&spltghrospealygperfaunaaes indhg iomerizatioszapg affptef.£450R MOPGHET: at | ng
pressure qf . . i r : beS iMHe L3034 kPa
e e R L O S b S e S L S
exanpl e, ipresonehwinbgedistripper wshg hiydtogdri. ghe pydesgenneedfpd thogeivpiigmgypedry,

ti ' han 1034 kPa, absol ute. (150 psia) | than t hat
of T r o PEotsBHER of Booa P Rebeai T PERTarLoE i BRI prdlelre”

stripper ardiesited sepahtich RO PEss@E nidyDde IQGASHEALE apHORIONREN e s@nepesrd ed
wi th the hydrogen stripping gas and separated into an overhead stream The

r emai nder apMet e raelnnA9aeHP NG Aot FVEURFRL 28¢ PREAHNELCOP e dat gD hot
pressure hydrogen stripper may be operated at conditions ranging from a pressure of 689 kPa
absolute (100 psia) to 13,790 kPa absolute (2000 psia), and a temperature of 40°C to 350°C.

20 In another embodiment the hot high pressure hydrogen stripper may be operated at conditions
ranging from a pressure of 1379 kPa absolute (200 psia) to 4826 kPa absolute (700 psia), or
2413 kPa absolute (350 psia) to 4882 kPa absolute (650 psia), and a temperature of 50°C to
350°C. The hot high pressure hydrogen stripper may be operated at essentially the same
pressure as the reaction zone. By “essentially”, it is meant that the operating pressure of the

25 hot high pressure hydrogen stripper is within 1034 kPa absolute (150 psia) of the operating
pressure of the reaction zone. For example, in one embodiment the hot high pressure
hydrogen stripper separation zone is no more than 1034 kPa absolute (150 psia) less than that
of the reaction zone.
[0020] The effluent enters the hot high pressure stripper and at least a portion of the

30  gaseous components, are carried with the hydrogen stripping gas and separated into an

overhead stream. The remainder of the deoxygenation zone effluent stream is removed as hot

9-



hi gh pressure hydrogen stripper bottons and contains the |iquid hydrocarbon
fraction having conponents such as nornmal hydrocarbons having from8 to 24
carbon atons. A portion of this liquid hydrocarbon fraction in hot high
pressure hydrogen stripper bottonms may be used as the hydrocarbon recycle
descri bed bel ow. 5[ 0021] Hydrogen is a reactant in the reactions above, and
to be effective, a sufficient quantity of hydrogen nust be in solution to
nost effectively take part in the catalytic reaction. Past processes have
oper at ed abighpghksupy igsisager stripperdodi@ns 4ol cactaing vie lajudegdrogekbambactiondfaving dr ogen

in solution and readjly avai | e .for, reactiop. drogen ,i s not

va bl e Srithes Sikel Bivel bERER S ERTIGER o Hheie o AR the

cat al yst amgh idartydvh®sn ER@ioadh Behsdh prdBurb Qs@b¥e dullipsr Bit@blsemy deiBed

pressure is often raised to insure enough hydrogen is available to avoid

coki ng r eattthohylrenartongecygle despsibed babwever , hi gher pressure operations are

o e S35t M0 PUbhoAls 0BRGN AREATIALEn B UGl N BlirBE RS U @
resent ows 1 or t t

counterparts. "The invention a e operatihg pressure to be
i n the rangentfy of By@dgRanabboinusbmti(? @0nps cfyctively 482 pak Rathabsallytt eativdO

psi a) mhicgﬁ%s.lomer t han t hat fﬁund in many pre lousdogerations. I n

15anot her wmmﬂ*a%@%%r%mg P prRSs tradsrdo ArigRa dFalifdemoPnXd13 kpa
absol ute (Babodes irfdolliRn44dkaliBraalm tok Rl R0 mq?a@ en A6k dvAilaHRS ardOt her
enbodi ment ‘operating pressure’is in the range of 2758 kPa absolute (400

psi a) to 4®actiorpPie effbofaialest((BOOke $orals on i qakpdyshridedeagtivates teeawtysk daction i s
i ncreased .1 i t?gq f_thr j t hr ough

t he rggcto#ﬁﬁﬁhép§g$%ﬂﬂ%38%§@%g§o |n§g&E§¢%%n3%er |n§%%}§g§§%%§h8rovide an
addi t i onal avaitv@iinggeaclOnsroni thecaeagst. Hpwever, dgharphexyt apdrativns egahoreroslyitd e
reduci ng the hydrodeoxygenation reaction. The result is a reduction in the
anount of ‘P%S}‘&@BS%OHG ?Srcgalpf*rag F‘bﬁﬁ‘x‘xl"%?’g"éﬁ’r‘fﬁf ‘F%‘H?etﬂ?és-?ré’@cﬁ’éer%‘?ﬂ&“‘@BH‘ﬁ}bnent
and producgotsbrhshRehiRh adesire b¥ImABeRnsasr 1389 Rp£Asblhit COIpeNensnf the
feed and reduction of the hydrogen requirenents is beneficial froman
economi ¢ stRarbpdita(7005{ap yhzh inlowarthamntbaidiopehin redny phyiqua eeeatiian, Int he

desir a of S, in - i r 7 .

ermpl oyl ng Bopa; GaoRAbRAR opSUSEREA, SO SRR, o NRL M RSHSE R 0.
hydr ocar bof8i &2y ahseluie (660 de4), iral ia gatanothet drsbddangne bpdrating pressirhés inelxct i on
zones since the _reactions are exothermc¢ reactions, However, the range of
recycl e td'a‘f‘?é?éﬁg?? %E’kﬁar%f‘?lﬁg @@éﬁ‘%@’ré’gﬁ%}% a&?ﬁ“%@@&“ﬁh\ﬂ%ﬂ‘iﬁ@lwg’@dtw62“ ontrol
the level gfcRNoH QIRMeA fefiBildd ifdigbaRh amBua v 3O ABRE Aot TabAYGRN ke
deactivation rate. The anount of recycle is determned not on tenperature
control regifigréneaiven priad of igreebeiveripagradng prorsurey arayisienn seditipnal pdxantage

requi r,eme g ) -eat er | ubi bty 0. pr oduct
than 1] aoagre HRUREEE A% RoRLSBLE B lchla de bl B B R RERR, B O e
sol ubi | i t yThefrednjtds Dgenction iii the almoqut of hpdage equitedeo reemet boypea Gioen the greatly
increased and higher pressures arg not needed to incrigse t he anount Pf
hydr ogen ifFFSEPEETBRPNSHANE PECCC PRSP fST FYGI0es bR 2F 2108 Ho8wsRT el | n
one enbodihERbd aml REudiBE of MY §RrbAR red R méRl WBnb&dikiarodf adcdh&aRr bon recycl e
to feedstock is from2:1 to 8:1. In another enbodinment the ratio is in the
range of 3tandpants: 1 and in yet another enbodinent the ratio is in the range

of 4:1.1t0 Rasb: qu ran .0f suli.t g%:. I atl §IB¥ r r recycl e
Co fedust S0P, o HebEPRRRUSon A IRNE DT SR PR
hydr ogen selutbi htilbyervpéstuishiopemployibe gidigatcld @tydloearban. Oeigd praakises of 2: 1.
Fron1recy%le to feed ratios of 2:1 . i
ave employed hydrocarbon recycle in order to control the temperature in the reaction zones
since the reactions are exothermic reactions. However, the range of recycle to feedstock ratios
used herein is set based on the need to control the level of hydrogen in the liquid phase and

30 therefore reduce the deactivation rate. The amount of recycle is determined not on

temperature control requirements, but instead, based upon hydrogen solubility requirements.
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10t hrough 6:1 the sinulation of US 2009/ 0082606 Al showed that the hydrogen
solubility remai ned high. Thus, the specific ranges of vol/vol ratios of
recycle to feed for this enbodinent is deternm ned based on achieving a

sui tabl e hydrogen solubility in the deoxygenation reaction zone. [0023]In
anot her enbodi nent, instead of recycling hydrocarbon, one or nore of the
co- 15feed conponents di scussed above nmay be used to provide the solubility
of hydrogen and tenperature control. Depending upon the relative costs of

t he hydr odd&rdpegen ade grhaersolubdigdingberipinesatbon produeribandi dasatin e jeedgsorio By
econom c than the other. It is jnport .tao.note th he,recycl.e or
coofead | S8Rk dTae® Bffocpibin i sERE Bl GobRloBel Pabs AAGLPESYF 60 f cea.
Conpl et e deRxygenrtis fBatBicrbyed agEtigier PrRsBY altncaadddey ednwkeisb thetanic@aycl e or
co-feed 20 conponents. In still another, enbodinent, the process_my be
conduct ed IYHOLEHE SAIERIsANd AV i patalypligaqtivatian b oW Pregsvifsr Intoge eubefti®riict t he

catal yst QeaflihValib® heldGid Sidbe ﬁm?%%?ﬁf IR W ¥esdsRick VEERg8Noisn. §p! uti on

or the higher operating conditions. %@ nment i oned above, although the
hydr ocar bansthergmtivdinmmefhalratmss & tHe emet off Liklo 6: brndindieemweihef erpbodiheridieang

conponent, because they.c lses essentiall |l n-paraffins.,. they wll
SShave. postRCSTHEE PSS B SRET ol S b Do v lme SBRPT bl ABtnsh bel o
the |iqui do heaiekaird@Rcliiedet USR009/06826061 111 dSaBIs @arks o Bydregdtsbbiljey oduct
is contacted with an isomerization catalyst _under isonerjzatiaon conditions

in an i sorfers $RPFNdR begirataaresleto & yatiogt e KiongresbietotBebntioed gt ! partial Iy
| SONBR Z€ ¢, G%H‘é?ﬁ R i PRl deRss 5669}%?%)@% Maked {?'aﬂﬁc hf0sls Bﬁégy sts and
conditions for isonerization are wel nown 1n the art. See for 30exanple
US 2004/ 02804851 Agh.vithig lthel spedific angesrad veldvob yatiog blareeyrteeioifeedifoisthsnt i ret y.  The

conditions used for the .isaonerjzation are predeterm ned .so.that the proper
Gogree of embagiments gePSun Gl HREL Flich Rt puRib RS et RN ROAROR, roet Tt o
pr edet er mMdB&d c&E6h fdabidini ARe of the desired products. |sonerization can be

carried out in a separate bed of the sanme reaction zone, i.e. sanme reactor,
descri bed [¥BdVe dr apeieriegbadimentainsisad efiscysting ydrocatboguene; 4 mereefihe ed-e

react of . | ' | ed with
| soror 120 BRORE s Ay SR A BB R APLARRS of MAGRLAR 2T o
condi t i onseny@ratee wentia eDdphadimpupral thpmiaiivé cosss df chedrydmehbdn pat e £ofied | n sone

enbodi nents, onl m ni branching is re
corhponent, one emtr)Tc%llment may be rr%re econoxg

%El:itllia%clhe other. It is important to note
that the recycle or co-feed is optional and the process does not require recycle or co-feed.
Complete deoxygenation and hydrogenation may be achieved without recycle or co-feed

20 components. In still another embodiment, the process may be conducted with continuous
catalyst regeneration in order to counteract the catalyst deactivation effects of the lower
amounts of hydrogen in solution or the higher operating conditions.

[0024] As mentioned above, although the hydrocarbons may be useful as a diesel fuel, or
a diesel fuel blending component, because they comprises essentially all n-paraffins, they will

25 have poor cold flow properties. To improve the cold flow properties of the liquid hydrocarbon
fraction, the liquid phase of the reaction product is contacted with an isomerization catalyst
under isomerization conditions in an isomerization and selective hydrocracking zone to at
least partially isomerize the normal paraffins to branched paraffins.

[0025] Catalysts and conditions for isomerization are well known in the art. See for

30 example US 2004/0230085 A1 which is incorporated by reference in its entirety. The

conditions used for the isomerization are predetermined so that the proper degree of
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enough to overcone col d-fl ow probl ens of the normal paraffins. In other
enbodi nents, a greater anount of isonerization is desired. The predom nate
i sonerization product is generally a nono-branched hydrocarbon. Along with
the isonerization, sone selective hydrocracki ng of 10t he hydrocarbons wil |
occur. The nore severe the conditions of the isonerization zone, the
greater the anount of hydrocracicing of the hydrocarbons. The hydrocracking
occurring in the isomerization zone results in a wider distribution of

hydr ocar boissmé¢rfratior asliublieadvefaraking he akioxedge meet the predeternana speadfiedionsiol evel s

f hyd ir d hi . i el ds. . oo
Fuel " bor |1 1A Beier Gn s IREncbb RefFudt et SRoFRE S oL e b RURH "

hydr ocar bofie GaNsal® radeeRqekiriiee dbdva of hy isoRRRALdaRaNBe tdlridd@ut af 4 separaly usi ng
any suitable catal yst known in the art. Suitable catalysts conprise a netal
of Group Veaqtory Theppeshvgt afile depxygspatiop reagiifinzomaisicantaiied W pIReizaiter i al .

e NG
or cryst al parafins tGbranetist parafiipp.dn sor@mettodimcalss only olinivhel tasrwhiph susquatedmi na,

anor phous silica-alumna, ferrierite,. ALPO 31, SAP 1, SAPO-3 |, SAPO 37,
ARG s gt R ReseihePia-pgl loBlqt S v sl Bersiy ot gisyammesind o5

ZSM 35,  ZSWA& améSivtod Rom&aition is ddMERROPhE bredMRMNRLR-i SolneribddR QlcliuciVe fdiefiil 1,
MeAPSO- 31, MeAPSO-41, MeAPSO-46, ELAPO-11, ELAPO 31, ELAPO41, ELAPSO 11,

ELAPSO- 31,2 mpnseisachad hydgenbanAlans wihbe isamedzatign. spe palestivilpgisesking 6f m of
25st i | |, bi t : ahci iy deni-e, ;. and | ym or
ol i i t (e nEReESh oo A1 R AL coIBHER LR o AR TRARSHR, I

conbi nat i ogreatcAlte@n®iint of hgdrocmikivecbfithe HydrodarBAB, BkthydSARGkdg dccuSAPD 1BE ,

SAPO- 37, and SAPO-41 are descriped i.n US 4 440, 871. SM 3 is.described in US
2,043, 424, IXTEGg FonrpSul b E iR B af et on Rt ] KRR o

Me APSO, V\/rueekgy?%e@uam ZHeAMAh A 1veRBE Ry drathatRing pigduéds Gaphiosamaire mol ecul ar

si eve, where 30the netal Me is magnesium (My). Suitable MeAPSO-31 catal ysts

i ncl ude MjwPSearBans inapgetiondfuel bgdiveranged in US 4,793,984, and MyAPSCs are
descri,bed ihibddS ArEafthauion W ORHrfhid SambcMbEl Sk 80, MIARRR hgY e 31 means

a lVgAFB avi ng ructure type ny “natural zeolites, suc
ferrierit aparhbiddnotvavrethaart onbyt usidglayy sudelble eatalyakeown mehecan Shitabdooraedystsed t o

forms suitable for olefjn (S | zatiqn removi ng_ assacy at ed
D kari metamegre gl Saoway TG B0 SheBiot b BT R HioAts Rk

cal ci nat i qjthile BFRPUAR nidhgs BLIRS %atduai dn¥ pRIEMO @8dh Jf Whitth @y teaskgitlorien US
4,795,623 and US 4,924,027. Further catalysts and conditions for skel etal

i somer i zatdt dhcoabinatips die Serpoit alggabmsiy, appephous I pedlingsyitaplaqunpsrt

> [ 41029 mdARKANIAR HRARL AhIA LRI Slicd Bimfh 8 SAEPALPG 33 IREGT 1 €T
sel ected fromthe group ‘consisting o ant hanum cerium praseodym um
neodym uml1sSARO3U§ARRAD|SATQH], SMB Mg APS@r3d, FiJ»0t Nle), Nbie2?3e g M- 8

described JReb> A4S AR 828050257 DApBY £ RRAS OSSP RRARO-

41, MeAPSO-11, MeAPSO-31, MeAPSO-41, MeAPSO-46, ELAPO-11, ELAPO-31, ELAPO-
41, ELAPSO-11, ELAPSO-31, ELAPSO-41, laumontite, cancrinite, offretite, hydrogen form of

25 stillbite, magnesium or calcium form of mordenite, and magnesium or calcium form of
partheite, each of which may be used alone or in combination. ALPO-31 is described in US
4,310,440. SAPO-11, SAPO-31, SAPO-37, and SAPO-41 are described in US 4,440,871. SM-3
is described in US 4,943,424, US 5,087,347; US 5,158,665; and US 5,208,005. MgAPSO is a
MeAPSO, which is an acronym for a metal aluminumsilicophosphate molecular sieve, where

30 the metal Me is magnesium (Mg). Suitable MeAPSO-31 catalysts include MgAPSO-31.
MeAPSOs are described in US 4,793,984, and MgAPSOs are described in US 4,758,419.
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10material s include ZSM 22, ZSM 23, and ZSM 35, which are described for use
in dewaxing in US 5,246,566 and in the article entitled "New nol ecul ar

si eve process for |ube dewaxing by wax isonerization,” witten by S. J.
MIller, in Mcroporous Materials 2 (1994) 439-449. The teachings of US
4,310, 440; US 4,440,871; US 4,793,984; US 4,758,419; US 4,943,424; US
5,087,347, US 5,158, 665; US 5, 208, 005; US 5, 246,566; US 5,716,897; and US
5,851,949 are 15hereby incorporated by reference. [0028] US 5,444,032 and US
5, 608, 134 MMO—&IMRI@M@MgAm,twf@mlmwaamml@wnggum@bfp@ égt.ed by an

anor phous ,si lica-al um n e nd.o t o Goup
VEER, and l\?%nyélf‘géaglz?@é gﬁigefa Hyl(!.ltr &g%tg)%\éera}nzxgp&fy lg&q‘cecﬁ)gﬁg? g %‘lgr?gnor mal
par af fi ns copitad i fBgnIMIteId fansleflbskeREdD BBmatiAQiSn byUSmbyiag iasécl&ecaznkhliljﬁetal

5,968, 344 teach a suitable bifunctional 20catal yst which conprises; )ga) a
porous cr y&fikplinesarthmeal byammenguy iog cxefiaage Wtchlmlﬁ%tfoé‘ 9 8’89?‘1‘% SHPEEraly f r om

boro-sj 9948 éﬁ%%)sta%gq Jﬁesm@k 45 gmr@s h@@@éﬁ Flle BB Rls 4 codicfohs t he

nol ar Si 02: 03 rati o I gher than 300: (b) one or nore netal (s)
bel ongi ng fbxtskﬂaizaLupoMﬂzlaﬂxm as@cﬂlmse@mflﬂ%ﬁrﬁm éﬁﬁ, HEm08RA5pand HAISUHL. 7P an

anount co ed thlnther rom Q0. 05t Article V.
Cal emma et %ﬁ Aﬂ%mﬁf‘éﬁ“onﬂa &géﬁnaya‘%%m(@bsﬁﬁ)mo 25 e?éeeée\cgﬁle(’% V&E%Banot her
sui tabl e Q:@xﬁs@dtl)(%bf laht@S, ddiRini, pRBRKY BRI, aébd@mmh mﬁmmﬁy ghavliaiiyh, efbithpse
wel | known in the art such as those described and cited above. In general,

i somer i zatpdmixeggiherceihnas Jepaibgdi @S b h%%%&néw %5 188 Othey sgibthés syRprTh
pressyge %ater]gr%i%ﬁn&%% ﬁlﬂlﬁ 9% WisR1.02904 PEMEYS, r\x@hc‘ﬂi%?e(i(iegcpﬁe@ﬁﬁ Qgelﬂ‘: Be AR RS @) -

| n anot her i ment e 'i'sonmerizatton conditions include a tenperature of
300C to 3@%‘9@&3&6@ aad prtbcsmmle egftled 119w kifedecalbsiidva pecéss 5@ Ipiwi Ck)vamog B792 kPa

absol ute r ditions for .t ion zone
are wel | 6\)\ﬁ‘? eﬁz%t‘r?é éﬁlﬁten gja&fél?eg’dgg}iﬂ rlogoro‘é) ?‘8‘1‘%1?116158%%&{39 %8%2ﬁhsed are
pr edet er mirgaekingnt Lma3 meﬂeﬂdmm(mmn Ushg7od@siesla pﬁ@dmuss:maem a® i ons and
relative y| elds of th oducts éngBO The_ cat al sts sui t abl e

| Somer | atiBRIET U | Febtsr U5 1208 AP et oite: Had L hEE SR bR o ne
i somerd zathlﬂg E‘?—ﬂg"‘%ﬁgy%&f&he to cause some hydrocracking of the
re

5hydrocar bons ore ough a mai n product of the hydrogenation,
deoxygenat[@(lﬂﬁ] aﬁmﬁs@hmlammcﬁﬁ%tléﬁmablsa alitplalehffrﬁrictibmal tepdysowhichan fraction
suitable for .use .as dies nt .far .i esel fuel,

di
a second SEFHFFARYERAPGR gB‘éﬁSﬂlfﬁ 2 ?aa%el?@n‘#?eﬂg Olhé]] lea@ Q'g%gé[{% By ®el , or as
a CconponentIA Odnday i@ n tHé@lydiTRYmeRiation af Ibie-ERimnaidhediRSorBihing As

illustrative of this concept, a concentration of paraffins formed from
r enewabl e Mose@ar b asbon atoms. US 5,981,419 and US 5,968,344 teach a suitable bifunctional
20 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
Si0y:AlpO3 ratio is higher than 300:1; (b) one or more metal(s) belonging to Group VIIA,
selected from platinum and palladium, in an amount comprised within the range of from 0.05 to
5% by weight. Article V. Calemma et al., App. Catal. A: Gen., 190 (2000), 207 teaches yet
25 another suitable catalyst.
[0029] The isomerization catalyst may be any of those well known in the art such as those
described and cited above. In general, isomerization conditions include a temperature of
150°C to 360°C and a pressure of 1724 kPa absolute (250 psia) to 4726 kPa absolute (700
psia). In another embodiment the isomerization conditions include a temperature of 300°C to

30 360°C and a pressure of 3102 kPa absolute (450 psia) to 3792 kPa absolute (550 psia). Other

operating conditions for the isomerization zone are well known in the art, and the specific
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totypically has 15 to 18 carbon atons, but additional paraffins may be
formed to provide a broader range of from8 to 24 carbon atons. A portion
of the normal paraffins are isomerized to branched paraffins, but the
carbon nunber range of paraffins does not alter with isonerization al one.
However, sone hydrocracicing may occur concurrently with the isonerization,
generating paraffins having boiling points from 150C to 300C which is

15l ower than that of the majority of C15 to C18 paraffins produced in the
deoxygenatdpsrating actditgms pgdere fibdetdhiEdod 30dEpdndaitivpen hoiesired progectneet s
many avi ation_.fuel specjfications and be separated fromthe other

boi I i ng poﬁpﬁ‘f’ﬁ?aéﬁa%@%d?lflwe3(‘?1‘@5 n@%@f’?ﬁ%ﬂ on zone in order to produce an

avi ation frgeso] Thirge sidiysts sansdle fod eheQ¥ReRizhtion oE ik Rfardhie BRlrodatfdns Bsd mal | ows
for the optional production of two fuel products: a diesel fuel and an
20avi at i orfongisipns oftiee ispraerizagorszane alsp prerpfe iheaupseomerydeetaging shiBei s one

factor.in g j ] Lal.: Vi r = |, the
amount “of TRaRe o0k, Mk, RNGRh b BlntieEhy Of bRl o BV BRLER -
fuel, and itdreerizatorestépsedd proaffialc hydtorabaf frimpibh s@wbktfoouse andiedl &sbr asange
fuel. The drocracking_.is. cantrolled thr h,catal yst choice and reaction
condi t i onsbq%/’}ﬁh%oéﬁpf’%‘?‘r‘gfortd@sOlg‘é‘?qu %?foridrpé“gﬁ%? 8&‘%8‘?31'%?&’(5%?%@?{??%”&&ur ring.
I deal |y, eagdlioR&lcdidrada E@hﬁ@xﬁt@o%‘(@i@h e XPG bpRiHARY Bhkdhetediad YeB. As

hydr ocracki ng event and ideally that single héciir ocr acki ng event woul d

resul t i n ilestiagusef thiseopsaptat ponsentration ef wgaifiss ormed fpmaenciablp éredsiapige.

Car ef y, C'I?éiSaqu%fas ‘f§‘@a{%c%}bo%%n%omtra%iu §a1 hﬁ%ffﬂ%%ﬁ?%@ f&fh@ﬁ \d ByBUe a7 the

I sorneri zation-zone DO mexi mzés paraffi products in the desired fuel
range whi |teodtdentangzofifgpni Beo Pr cohontatans. &f partien dfitighdorpalr pafdtiimsare sateazed not

useful for either diesel fuel or aviation fuyel lications. .30[ 0031] Fuel
speci fi cattf’gf?é’glﬁdé’af Hise BIthe GRgronsy ﬁ'ra'ﬂ)%ﬁ#@éﬁaﬁgﬁ dResPL Al Siles . | nst ead,

the speci figRdri-afch diGe. Hb&z&@&,esahle%y&%&agiin% M8y Scoaf &nelidany exmrggssed through
accept abl e ranges of chem cal and ph%/5| cal requirenments of the fuel. For

exanpl e, dsdrearizeion; getstatiag peareffing havikgbybegeointy fenr 1P C fond0ldiviéchip- 8, are
speci fied - DTL - I P24, M nd |ight
o st 11 at dven b hriinaidier f1afh CLEBiaRhe AR BFpe SEEGRERAECT, |

wi th | ow wedcaibh kordey TNt ORC gh3dd @dbilipgipnint raagamses spegafidted fint MLL- DTL- 5624,
with the Swiften specification each being periodically revised. Oten a
distillat iSB‘FF‘’Iri‘éf‘t‘l‘@‘?ﬁ:g SRAYTS Sﬁ@!"zﬁ@ﬁ{"?rpgleo‘{}%“é’ag‘f’g PQInf jaREss a%%‘l tF‘F ng point is
used as a jkfNerRAEARLE N S bRYucd dnf Q804 fey MBS Wil 16%&!t8o ovERS! yield of
distillations ranges are typically neasured by ASTM Test Method D 86 or

D2887. Thelaseldpe bupaliaveifpnthe ppifingk mpdistion ehyerfadlipsoduatsor diesel fusl srslern ¢ he
Fhec, B Al Rl R LSy AT el U bl bRy aac o
expect ed toantisloned bf wodlicnprabiatidrefupl; deuatound dffight greducts that are not useful for
diesel fuel or aviation fuel, and the isomerized/normal ratio of both aviation and diesel range
fuel. The hydrocracking is controlled through catalyst choice and reaction conditions in an
attempt to restrict the degree of hydrocracking occurring. Ideally, each paraffin molecule
25 would experience only a single hydrocracking event and ideally that single hydrocracking
event would result in at least one paraffin in the C9 to C15 carbon number range. Careful
choice of catalyst and control of the process conditions in the isomerization zone both
maximizes paraffin products in the desired fuel range while minimizing the production of the
light paraffins that are not useful for either diesel fuel or aviation fuel applications.

30 [0031]  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
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bl endi ng conponents may be required to neet the desired set of fuel
specifications. In other words, one product of this inventionis a
conposition which may be used with other conponents to forma fuel neeting
at | east one of the specifications for aviation fuel such as JP-8. The
desired aviation fuel product is a highly paraffinic distillate fuel
conponent having 15a paraffin content of at |east 75% by volune. [0032] The
catal ysts of the subject process can be fornul ated using industry standard
t echni queschemical sndrpdysierd renminerends ofrthelfueh Fopxamplendddtioa tepine Aepls, @al
extrudate having a di ter from0. 3% 8 in). The
cat al yst cl%?hosﬁréegtﬁﬁ%g‘eﬁﬁa}ﬁ?g gl%—ﬁearr %g}ﬁr%ghﬁ\@r“ %@%ﬁlgsﬁ)&&’gp l(gehrdtja(! for pZaI | et.
The ext r udaik@lingplerfend dflphndistiltahsy is kpeaified bg WILADEL-5624cindd8-3 hierdsenen of a

20wel I -known trijl obe or other shape which has adyvanta in t .or
reduced di WPQJ%‘F’_OW log %Faé%éa“@rm%{) f&sg aPiat §2lsp ?Pﬂcﬁ%%%ﬁ@'éﬁ”égw&ﬁ@éﬁﬁ ed
after all &ﬁ@&'ﬂﬁ@&ﬁca}ﬁ@ﬂ%f OLE Beif@pEd Rt af evist 1 ®rleh D@list@hfidni@Rde fdoh @M 1S

now processed through one or nore separation steps to obtain at |east one
purified hgedreotaedoredpe abfindtboding@aint sndedasa kep pyremetes defming differentgypes of ed

hyd b dugct. 25I I di le £ [ I
o) endi ng_ QHRoRER ARSI E AR LY s AR Tr e fla BRESEPRRE, o

usef ul as EekabicOlefdinl of Aiffedeht avmpdrien if tidbr thIntsadihe gpecditpioicinyuitsAt | east a
third lighter stream of conponents not useful as diesel or aviation fuel is

al so separ@feeen- ool quinng guiader fugkpipdist pldhapigrent MeCRUogYEH ¥4t ¥3¥n and
sel ectjhve RyfbR %@%ﬂﬁa&ﬂ@ﬁt SQRERCteR! A sHat ﬂeﬁdi})g @{hgpl%gﬁm%ﬁnﬁhe@nd a

gaseous conponent, rious portions of which 30may be recycled, multiple
separ at i orblstdapscompyndys Bapheaypadredfomeettbmgrsized ey of uglesnedingatipas. {1 other

Separated in.a isonerizatian effluent separator. wth the s t ed hydrogen
being renbVdy Of’%p%ﬁu%&gb]ﬁsel%ﬁngf)? ésaarﬁon’EESPI l%‘bwgmgf)nea&gf i%?legl V?:@ﬁ%lﬁ i ons of the
i somer i zatdogiposdntd 1d€6im $RREMBIDE at IREdt BHEOf thOspecikidsting foraviagomirebdudl s of
230C and a pressure of 4100 kPa absol ute (600 psia here is a | ow

: . ol ut psia). |f
concent r atiFoh T6f desite ariaiing yelprodict s pdighdy pepifivic idéfélgatﬁf‘éﬁ FRIRRRTSH, hav g
hydr ogen ar;i?ﬁnf:&ﬁééﬁ'o?gI%P%%Bybglﬁmgpt hi gh pressure hydrogen stripper
for use both as 5 a rectification gas and to conbine with the renai nder as
a bott ons [§0323am ThEhetatystyef thd ewbjécs pesss eah Hedomivdatédasimgrinduatry sandawact i on

zone and thuys. t he hydrogen becones 0 ent. of the i rization
reaction zt%‘il#’@’qf“éseﬁl TP EHR C%‘?%é? ﬁ{ego%? icéffémﬁﬁél eﬁg%cgzeglaar ip"ﬁgigfrngéeé qf
partial press08es3.Lekm {1 HeaeBeK). TH @ty ia0 8€ mallsinahy other desigaltfemmi such t he
deoxygenation reactors, and different feedstocks wll| consune djfferent

anount s ofas ByphesgamelletnEheies birsts pait hedh faums plheiiham pOERdar A1Eras e TgiRsof a
Flexi By 1 tye il 9 wh R810PE QGRRS siaBe ARER BhEade¥ Rk Aq T s BRLcRAMHRIcRalfistdh¥r 0gen
or pressure drop.
[0033] The stream obtained after all reactions have been carried out, the final effluent
stream, is now processed through one or more separation steps to obtain at least one purified
hydrocarbon product stream and one recycle stream. The purified hydrocarbon product stream
25 is useful as a diesel fuel or diesel fuel blending component and an optional second purified
hydrocarbon stream is useful as aviation fuel or an aviation fuel blending component. At least
a third lighter stream of components not useful as diesel or aviation fuel is also separated.
[0034] With the effluent stream of the isomerization and selective hydrocracking zone
comprising both a liquid component and a gaseous component, various portions of which
30 may be recycled, multiple separation steps may be employed. For example, hydrogen may be

first separated in a isomerization effluent separator with the separated hydrogen being
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are consuned in the first reaction zone. Furthernore, at |east a portion of
the remai nder or bottons stream of the isonerization effluent separator my
be recycled to the isonerization reaction zone to increase the degree of

i somerization. [0035] The remai nder of the isonerization effluent after the
removal of hydrogen still has 15liquid and gaseous conponents and is

cool ed, by techniques such as air cooling or water cooling and passed to a
col d separator where the liquid conponent is separated fromthe gaseous
component . wEMV@hbbeompbmdmhﬂglé@ﬁdﬂ@Dmmgmeﬁomh@ﬂﬁ@fdws%me%MEmeﬁ? nude, for
exanple, a te of 20 to 60C J. ur ute
(560 psi a)SeP"Kn%awglr”H%g%‘r%%Blte 'iemgg%ufesogzﬁgoce %nzl aap%esgmg%gggbdﬁ? Q)zlﬂ%)ortl on

of the |i quocpgonpaRes a lab tafcemetibh bfcarth cxidds &ﬁlﬂ&rcatbon@xfdeomtrdim\@a,seous
conponent, may be rec;élpcl ed back to the isonerization zone t§91| nc%%gse t he

degree of theBfegeramayde reoprlpdpackdo st higlypieryrechyEpeem HEPRE & ust

remai nder ncgtfecﬁ tn!)r? &)aéohﬁfhe%% R LBl d¥Las M B 3G Thé AiiRlef [suent
may be conbi ne e hot hi gh pressure hydrogen stripper overhead

st ream ar;dissteheo mesa@hteunegloo ocroiiorezbng ancethns e ydregénieroescengnipanant phdecol d

he hyd ful
3?22;? ]9 L elFOI %(H{ 1811 |z§1 afd erdc s?:lngrﬁgl ?{]}%ﬁi& (? Fgr%'hqe tﬁ&, ngagees%/al}r/ 8@?5«%%%%&5?6 ut-as

hydr ocar bqj’iés%@@sjfoa‘vﬂeaédcﬁﬂ Thealydiogngi ahy drecanbanss ddoﬁﬁgﬁﬁmdn\téﬁc}ms asdwel | as
smal | er ampunts of napht ha and LPG The separat ed |I,§€I d conpone

further pLﬁ*ff?lF@cfeqdﬁmﬁksﬁYlBGB&“Wé%fé?f%.‘%t|36’t9‘“2t6H@Xﬂl‘ﬁg@ﬁ pepnirigatioget] x'I%‘é‘?é%t a

| ower ,poi | SR vid W RerflhrebLA8dunArbf kFiogdid
naphtﬁg sf% mﬁpﬂgﬁﬂ?g%ﬁyggg?ﬂkﬁ%%%&g?rg§n§ X sel %ctrportﬁgn of?tﬁe di esel
range str mmonsum@imm&dfnandaqtlenycﬂeeﬂurtmrmcbre, at é@n@pozmn erﬁhqalndlaslétlem ive
cracki ng hat a

sel ecti vel tP’é’&f/tbeiaEHOfIBQc‘ﬁorfl%lztah%n %@B%g?p?haﬁr%ay lI% tlh\%(lasoglF ﬁ%ﬁ%‘)ﬁg zone.
For exanplgactibh8orQb MRleabelBe astiledbfgtRieriBQIiohl NY hydrocar bons coul d be
separated and recycl ed, the normal Cl17 and hi gher boiling hydrocarbons

coul d be JBPR3 at ebheapmainderpé fhedsongsizating eﬁfaﬂ%qlftee:i@ 1%‘@!"%‘1%%@1‘0&96? i hgs
hydr 0581 Sgn@ ﬁg'gqsegﬁs %%E?r?@gldqu?(ﬁé?fﬁi eeﬁl%&s 8, ds 3QTBS 1%k WAk, and

5sel ec i"ng zone ectiv e end point of the diesel product
i s reducedoolsed mdipassed 1o zsc@;hawpauawg vxdmud tiecloynad ¢qmg>oaeM|1sg$¢9m afed |fllormtge fraction

f the diesel hydg acar b tes t
ot opor t | et RERa: WG er Pa TP gt orel ot eabrerraed el sk Rl i o

the di esel, o akﬁieofﬁ_ortome@rmhe,pletsMesﬂmsdkp@bwomé(ssbpmdy asedterpr oduct i s
reduced. [0037] Those hydrocarbons recycled to the isonerization and

sel ect i ve bypreRetsteambiialsareratardiry ket arogiane thediquist sArRPRFIAISESAWBA nunber
hydrogar bopg s%%ﬂ] dhgﬁ%&%ﬁ@ sPERRGAGE elﬂyﬂx{@%l esgflé% F%gtt&h%flsomﬁéﬁmrn%ﬁé ts aid

in inproving OW properties ol uct | so, these
reacti ons toygraagstht tlegrer ansonrecizganePiior o htaemgjhntoldfseﬂaymlo@armmel af t he
ess grOV|de hon of the

avi ation The current .pr.o S ibplit ?
i cacl 1 alGoRpF AR Bt ha are by s g ki ad el bR
speci fic nesutsudmed@Biniuigr bverkdal stréil, asditk rébuBHe |coﬁbfne@1mea§i g & |y,
the quantity of the diesel range hydrocarbons that are
introduced into the cold separator.
25 [0036]  The liquid component contains the hydrocarbons useful as diesel fuel and
optionally aviation fuel, termed diesel fuel range hydrocarbons and aviation fuel range
hydrocarbons, respectively, as well as smaller amounts of naphtha and LPG. The separated
liquid component is further purified in a product separation zone which separates at least a
lower boiling components and dissolved gases into at least an LPG and naphtha stream and a
30 diesel range stream. A select portion of the diesel range stream is removed and recycled to the

isomerization and selective cracking zone. It is the higher boiling diesel components that are
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recycled can be selected so that specific results are obtained in the
product diesel stream Finally, the portion of the diesel range

hydr ocarbons that are recycled can be selected so that specific results are
obtained in both the product diesel stream and an optional aviation range
product stream 20[0038] The sel ective separation of the higher boiling

di esel range conponents for recycle may be acconplished in a variety of
ways. The separation zone nay contain one or nore of a variety of different
ki nds of sefeatiady @oydied Hask toftbe isexeanigatien artdheleseywanakingrogs er eraynpeotiteai N one

or nore fractionatian,colums, separators, . flash d a he |ike.
Conbi nat i orﬁ)émlﬁle& %“gg‘r‘%ﬁ‘t g%@ﬁ%al}yéfcﬁﬁr ORfFPPIdRe Sﬁ%at'ﬁc{ag’glsr’r‘%ﬁy(g{f]gtf?’e ?‘E}P’Iatxarrpl e,
a hot fl asdjl”ﬁdn‘e!%%Vb&ﬁn%ﬂ%%@bcﬁ&oﬁo@[@é@eﬁﬁﬁte@bﬂdﬁ'e@fcleﬂhﬁ th&horidbt | QA

i ghter conponents fromthe total reactor effluent. The |iquid product from
the flash higharbeibing Hydecartwny equddibe sspanied pabipsydledds thsrisopgiigatigi de t hi s hot

flash dru Ad Vi f : ' .

fracti gnaﬁeltl)éﬁtlﬂvceo lﬁcrrlﬁgn Zgg%???%%%{hrggfl& P ﬁg{ &ﬁ%ﬁ{hg%g@égﬁt %Jsr[e)%l%:ci@?isg }'ftc t|“(’)er11}§ may
be smal | erseparatigemd regslidgya higido 88lihnfranien efithediaseminge thhidroparbchs opersepar at i on
zone separates an LPG and napht ha 30overhead stream and a diesel range
stream usi‘ﬁ‘@r‘?VFi&Et‘io%g?‘?’ B’r?Pe‘IICt)‘ﬁS ?f?ﬂlglem ﬁ"écﬁ‘fm Pﬁ © g8 eﬁﬁgebg%g?aggqnaﬁn zone
is a produgf qiktepidaritabdrQRagABahe dIBRI iR khd BREEHSACERFdWRYI. e conduct ed
to a recycle fractionation zone which separates a sel ected portion of

di esel rarl§83Hydr Blcse budiecaitmns resysled e thepisernerizaomend selaetiGrerashinegenedie | ve
cracking zqne. f roduct, di I her. | t, the

ot odudt °t rafferaf2Bad RBH e aB8f sy ahPGosk o FA Rl SRHRL" L o

st r eam cortydiosartbbss. Bydrod ciasdeadtsfad infimpyoving cohl fleav propérdexcaftthesdiesem Scont ai n

t he product diesel stream A second optional side cut streamr coptain
the avi at iBPAUCL ISP 5ERICRCORT WAYHESHRIE ABVRTFHEGH ??‘E&‘?ﬂt(?%)hf"g‘?%gbao%(%@t $G and

napht ha. [Q048] lheaemng rcﬁiléent PHIcLRBL SRR %Eﬁb%lﬁ?th@ @Blioh beke dkseltrigrepr oduct

fractionation zone include a tenperature o rom 20 to 200C at the overhead

and a pr edydrogabpmyth@ arcred3RE ckiPhe selestsdisp hat epecibic2eultpaic gptainpén dondi ti ons
of th 5 di Str' Aulcfi cii!es% stzz'e%&(.aSunmilY lb?thgd\!lalrjl 1{yeoq tﬁeodigs%maﬁ%é dhjd[‘b%mrbgllsatﬁnhtva?e 10anmount s
of hy focdr DO Cont al ned>in e aviat Pon range pr ct stream and t he

di esel rangsgclteaiubd setdcte@dothalspeci€ix agyplteare bbrindd astbt podod dasselsayanne cut to

anywhere from 270C to 295C endpoi n nd taken as a side cut and th
r emmai ni ng 1290 g Poigre wﬁ&feéﬁééwsﬁa\gﬁp%a@vsggm Aottt S Rl aar

recycl ed tedifiCreb AR d%ahdOn bBMIhSFo8EL 1NeSel GhraKAiChnZPRBnal ARGt Gikkbng0l Nt
can be adjusted as needed to affect the cloud point of the diesel product.

For 15exampbducisdirepite cut i s adjusted to approxi mately 280C, the Cl6 +
hydr 0Ger bcm(%s] ca hbeeselective separation of the higher boiling diesel range components for recycle

may be accomplished in a variety of ways. The separation zone may contain one or more of a
variety of different kinds of separation units. For example, the separation zone may contain
one or more fractionation columns, separators, flash drums, and the like. Combinations of
different separation devices may be employed. For example, a hot flash drum may be used to
25 remove the bulk of the jet fuel and lighter components from the total reactor effluent. The
liquid product from the flash drum could be recycled to the isomerization zone. Since this hot
flash drum would provide the bulk of the recycle material, the fractionation columns used to
control the final product specifications may be smaller and less costly.
[0039] In one embodiment, the product separation zone separates an LPG and naphtha
30  overhead stream and a diesel range stream using fractionation. In this embodiment the

product separation zone is a product fractionation zone. The diesel range stream may be
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separated into the bottons streamand recycled, if the cut is adjusted to
approxi mately 295C, the Cl7 and Cl18 can be separated into the bottons
stream and recycl ed. [0041] The LPG and napht ha stream nmay be further
separated in a debutani zer or depropanizer in order to separate the LPG
into an overhead stream |eaving the naphtha in a 20bottons stream
Suitabl e operating conditions of this unit include a tenperature of from 20
to 200C at the overhead and a pressure fromO to 2758 kPa absolute (0 to
400 psi a). ccmldectth@ anagyméras@cbrdtiazszwlemSepqmatg&jmm%t@ﬂ prgtipnisé digsd danign ot her
processes a.feed to n ction aC|I|t i arly, the
apht ha. gy e tonior g BB RELSAEE BIOEREAL PratEaald Yom T L oon

product i ondlf:s'ecstkdatnym aho{hefdiddimeéD Qh@@bdm@aidﬁaﬁm Zoa.e m opglagdfat agiditons
colum may be operated to provide four streans, with the hydrocarbons
SUi tabl o 19rihidhe PailomS air@gbrontaie helaowEerE E ORI WUl RSHEBH SUHE ol u m,

hydrocar boﬁﬁ J’?’g%hg? Bt d¥selbiBarh M 3 oRY bittonQNideusl stfe@WﬁQofl{a&%@a\fﬁﬁ&t

si de- cut ons 1 n the naphtha range being renoved in a second
site-cut afuel nrh@wpstmpmn@hmrhea@meammgtamlth@%mmhnhm an overhead from
rbons usetf u

t he col um ttons St.I m con t ai ni,n f or
di'esel 1 ool aPsREBh HEEETPEG bR Ryt I P B ARE e e
sel ect ed poReirpert@d oft fitgn 90 BSEIO°C aNBEoRYIHAQ &Rl DpBS Ml 0 e | Tep@h absthiand
recycled to the isonerization and sel ective cracking zone. {0043 ]1n yet

anot her enfdarARpta). Bherqopditiony of the dipHlatiomzanginayibe pgiysted pgoatigl thyelative
hydr ocgr boﬁﬁ%“r\&ed‘f% dﬂo&ul?d ec%ﬁ!aﬁéﬁ‘?n @Y G lmai\flléée;l};édd PliRaf AR HWBSLAKAM and

pr opane, 5ends, ainto an o stream A secon
fract|onaimomxmakmnnFmaymmgcw$edm&ﬂp&dpanmndmmhanhywwmnaﬁbmﬁ@OgbktabIe for

use in a diesel fuel intp a bot eam of r ocar bons
oot tal o 15 eadibim bt b B haing 20 Rl SRR o o,
while a thikdh dsiigciorteme birdath £/l rbeyoled®Yth ofidRl AR dnd Sleapatatiénd hite.

hydr ocarbons suitable for use in a diesel fuel into a product diesel stream

and a r ecybleculp@inian 8¢ pdinsigd f&ﬁ@ec&dft@aﬁf%thfmwé@m%ﬁ%w éﬁs‘-’ém%iﬁﬁ Rty be

enpl oyed t f C ane d
T R e e R R S 7 e

oper at i ng separgied inmte dbttérhestear and revpeled, ﬁﬁthctutmmzai;wsmd tec opproxisiatedy29356Cus ed

to the C17 and C18 can be separated into the bottoms stream and recycled.

[0041] The LPG and naphtha stream may be further separated in a debutanizer or
depropanizer in order to separate the LPG into an overhead stream, leaving the naphtha in a

20 bottoms stream. Suitable operating conditions of this unit include a temperature of from 20 to
200°C at the overhead and a pressure from O to 2758 kPa absolute (0 to 400 psia). The LPG
may be sold as valuable product or may be used in other processes such as a feed to a
hydrogen production facility. Similarly, the naphtha may be used in other processes, such as
the feed to a hydrogen production facility.

25 [0042] In another embodiment, a single fraction column may be operated to provide four
streams, with the hydrocarbons suitable for use in a diesel fuel removed from the bottom of
the column, hydrocarbons suitable for use in an aviation fuel removed from a first side-cut,
hydrocarbons in the naphtha range being removed in a second site-cut and the propane and

light ends being removed in an overhead from the column. The bottoms stream containing the

30 hydrocarbons useful for diesel fuel would be conducted to the recycle fractionation zone
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control the anount of the hydrocarbons that are withdrawn in each of the
streans as well as the conposition of the hydrocarbon m xture withdrawn in
each stream Typical operating 15variables well known in the distillation
art include columm tenperature, columm pressure (vacuumto above

at nospheric), reflux ratio, and the |like. The result of changing col um
vari abl es, however, is only to adjust the vapor tenperature at the top of
the distillation columm. Therefore the distillation variables are adjusted
Wi t h r espeebert o sadequalrportian dithe desdsiangekhyidrocabdiesr waudd betepaved and eepeeditiour e
cut point ro uget .that meets desired properties.

0.Qive a
20[ 0045] Op'%‘?&ﬁlﬁl\fé’l"ffmf)ﬁén FECHECTHPEAMt oy a steam reform ng zone in order

to provi dejobysir ogrNet motRechvéliQaenatiisonictie Nt efiakinhayZepeata it
i sonerization zone. The steamreform ng process is a well_ known chem cal

process f orvdpcadans ygiuhingtesgband agigon Sieksiao pdettomoiteam. sk MBRrSF 189 oduci ng
hydr ogen or. .t [ | ' : r t eam
mxt ur e S R A o o e e,
25and t he separhomhethyidchesrbocsasubianie fop ngexin deliapidudantb aotddoxsthem itinceirhe
reformng reaction is strongly endot herm .heat must .be su ied to the
react ant rﬁ“ﬁ?‘ﬁ&‘@?arg%ﬁu‘é@?%@’ K%?d’f‘ Phgvigtee fﬁﬂﬂ‘étg ap ﬁv‘aﬁ?aﬂrgﬁg%%ggth}e Fetofmer. A
speci fic type OhirdHe@&Mnh@SIoinmbhBbedthNb AN G Bdparaef BE Rydighartdhs SuiBlelfed

catalytic partial oxidation. This process differs fromcatalytic steam

ref or mi ng Yspin haiesel fis! intma pioducs dispa! seepnbyndedyecysierdiessl sticpnetda fovdhbust i on
of the,fe Ock. Wi / ' , LERL S QMo nEX L Nal
sour ca? | e BanErgfbip BREE biB] o AR e B oA

t enper at urpomine titklighasndseAlkbndivitiing waditcalupsis;maybeemiplryper at ures in the range

of 700C to C are typical for conventional _.hydrocarbon reformn

Pr essur es {H@g‘ r any QPﬁ?laEBg a@@él%ﬁaﬁﬁs%ﬁ ?J"trB(?r.eé'iaéW?‘@* ‘iﬂ?‘fﬁ‘?fgm@'alfeaqsg%fos are
vel | Knownoahel (rORMEIH bOmahydiada@ons it e Svithdidwalih BachQF tHéSaedis dsheelnsesent

invention. [0046] Typically, natural gas is the nost predom nate feedstock

to a stearhe edmpositiog o6 e déoearbaonrae withgraphdn pack seenm. Typisptqperating

hydr ogar b Oﬂ%aﬁl@s%elfﬁr%v&nqg tlle' CQQ{]_]&II(QI{ arE ﬂgllqu §<51{u?1? te?ﬁp%%ﬁ%,scomn ﬁ]@ssgp&ner at ed
at any of the reaCtion zones. For exanple, In the ‘deoxygenation zone,
propane i Svacuammaabovetrpespheri), reflixhatio,Ghd the {R3. Tiarredultiof shamginglyelupmesent  as

well. These |ighter conponents. may be separated fromt desi.red portion of
t he deoxyg"é‘ﬁélilgsoh"%?‘ﬁ"ng?ﬁqy &’rﬂﬁb‘}sb%‘?éﬁlpotrégfl??éat‘é‘?é‘h Fo@fogs?ﬁ ‘ﬁ&l%‘gﬂ% for the
gener at i onoQfmdYEHREG8 theSliftilla86d Yariabid§ abhbfistedInh "BpdP el OpdrtiQilar fegistoeiar bon
atons fromthe effluent of the isonerization zone may be conducted to the

r ef or mi ng iz erser toTshices vlemperakise fYt GhINg (o gEt EPIOARCS thaf BRsts Aesitgd Bropeidistat i on,
ir Z?g‘ra rr%]b ﬁg‘t@%{é anl 2P c%r%l?)sr: téx? éllré)h]&g 5512 gﬁgb?%@w% qgg,r,,ggg zo‘?lle ﬂp&déﬁj b Bro%fd'éeam to a
| hydrogén to the hydrogenation/deoxygenatio’n zone and isomerization zone. The steam

reforming process is a well known chemical process for producing hydrogen, and is the most

common method of producing hydrogen or hydrogen and carbon oxide mixtures. A

hydrocarbon and steam mixture is catalytically reacted at high temperature to form hydrogen,

25 and the carbon oxides: carbon monoxide and carbon dioxide. Since the reforming reaction is

strongly endothermic, heat must be supplied to the reactant mixture, such as by heating the tubes

in a furnace or reformer. A specific type of steam reforming is autothermal reforming, also

called catalytic partial oxidation. This process differs from catalytic steam reforming in that the

heat is supplied by the partial internal combustion of the feedstock with oxygen or air, and not

30 supplied from an external source. In general, the amount of reforming achieved depends on the

temperature of the gas leaving the catalyst; exit temperatures in the range of 700°C to 950°C are
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the lighter hydrocarbons and steamare catalytically reacted to form

hydr ogen and car bon oxi des. The steamreform ng product may be recycled to
any of the reaction zones to provide at 15l east hydrogen to the reaction
zone. Optionally, the hydrogen may be separated fromthe carbon oxides
generated in the steamreform ng reaction, and the separated hydrogen may
be recycled to any of the reaction zones. Since hydrogen is an expensive
resource, generating at |east a portion of the required hydrogen fromthe
undesi red ppisalet eonydntipipd hydsegattion refoines Preasiragarayaanse up A8 &ba gfsolufse

Donyar ogens e G EGarTy A S TRt S B R P RSBl O RRE,

catal yti c pefentimivéngionay be enpl oyed instead of stean1reforn1ng, In a

typi cal catalgtlc reform ng zone, the reactlongﬁinclude dehyg enat i on,

i somer i zat {8f0Tand THR ek IR @Rig therprst prevRpRipag ERdtockio st o ltcyp. cally
will be thﬁo@&bw“%\rﬁoimé ;%@s%thHveﬁflo@hwe&MﬁhQ(B%@ﬂ%@%gﬁt%x&ﬁ@ﬁ@hécpS the

dehydrogenation of paraffins to 250l efins, the dehydrogenation of

cycl ohexanmduc@ raasdwaenmeedaartdny bfeth@ehqmn@@@eelﬁoz exampte, of thedspalgenatipar af f i ns
and acycligc ol efins.to aro

I d
i soneri zat %O(Slﬁ pcg?paﬁe B g. 8?]](1’]051 yPl o%iuct (gt el %%3| pza.{aa]til I(l)%nméll‘ %%%EBGQYR r%.IS {2/8}: T%gs%

0 Sopara |ns roi'sone ion
ol efins t olight@pampdrichi may daskphiadifivan®es daatd pmncm‘ ofslmbxygamdn affmemtan@s
The hydrocraC|C|ng reactions include the hy drocrackln ffins. The

ar ot i zat {o81§d &F (he Hearm IS5t 408 Oealeagﬁﬂﬁﬁﬁweé Ydéoz‘%jén%%lf“l%l’@ 85 g to be
30hi ghlyy d&%lg omkseca%ﬁ%ﬁﬁ feﬁq tﬁu@@fﬂn&mf &eis%ﬂeuia%h BéheQhayttR ok Ristdl Ed tHQ

aromatic pr hi's application, the hydrogen generated by t
reactions neéarmir@czome ﬁh"hghfqre d@sllghedrrptegela@‘om th@deoxygenaﬂonrlevwize@m&nd at | east

t he deoxy atlo zone., enera ed the
eact | on’ SoRBeRng SGars JEred BRPERLE TR R oTahE S B b s dord

zone, and @& hglhe hy@loehbdnd @ndytelnome aaalcyudagy Zacred to[ O Bldfepen umgcatmnFl G 1
the operator determ nes the specifications of the product diesel %:Sbe

produced. HidsnEirdise® refaeeias BoRUG maghpiepycleip ay ofdle f5adion pAes ighoY
opti onal 1@53%%4 (fit?lé’f&lcdo% zemgagduw thdhydRsp¥e by Q@epﬁfa{e@ﬁmnﬁﬁe shn

recycle streaml orm conbi ne ed stream 20, i s heat exchanged
withr eact@mde@gmqmmitm awdtetatmecfommng mactwdandnm@ege@lz«ygﬁhegenmyrbeam@frrd 4, The

heat exch a0 %ny Ot 25 1%5 200%s Cgmce%ydr%fgén%g at ehx%ergs?v%yr slogrc'e Sgeﬁer%g%?%ast a

portion of the required hydrogen from the undesired products of the reaction zones can decrease
the cost of the process. This feature becomes more valuable when an external source of

20 hydrogen is not readily available.
[0047] In an alternative embodiment, catalytic reforming may be employed instead of steam
reforming. In a typical catalytic reforming zone, the reactions include dehydrogenation,
isomerization and hydrocracking. The dehydrogenation reactions typically will be the
dehydroisomerization of alkylcyclopentanes to aromatics, the dehydrogenation of paraffins to

25 olefins, the dehydrogenation of cyclohexanes to aromatics 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 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

30 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
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with the feed. Deoxygenation reactor 4 may contain nultiple beds shown as
4a, 4b and 4c. 10Deoxygenation reactor 4 contains at |east one catal yst
capabl e of catal yzi ng decarboxyl ati on and/ or hydrodeoxygenati on of the
feedstock to renove oxygen. Deoxygenation reactor effluent stream6
containing the products of the decarboxyl ation and/ or hydrodeoxygenati on
reactions is renoved from deoxygenati on reactor 4 and heat exchanged with
stream 20 containing feed to the deoxygenation reactor. Stream 6 conprises
a liquid coemsldenit lesrhadakygniton getey Thordelzed Bparatetfiy mevsled towarabéis in t he

di | boi | | y .hyd
Vapor ous. BTGP “BRT BN R A R A QR A RSP R i A o by 0en

[ 0049] Deox%gemtuy@ﬂcma@qgmeeffl uent stream®6 is then d| rected to hot high

pressure %drogen stripper 8. Make up hydrogen in_line 10 is (%w ded into
two porti Ist r BHAng SN ‘E‘D‘PPQWI@@W{E%}“‘?#ER wgeficatianst thepodiebdicssl 9] so

i ntrodyce qaetp%cngéd R' S wRbR $RUESK Y ELRY Shhict Iti'lh)ppcﬁg th?(Qx%h an Ebtfl')ﬁﬁl fEHAGHy ggr essure

hydrogen stripper 8, the gaseous conponent of deoxygenation react or
ef fl uent 6dring, is wmmnedmklylesxda P sicbafnr&and leeydlé gjrenn lécmfmn@ﬁmbméd feed

nyar bgen e s ok bt Gttt cBfstRDi BT SFRG<R)logen, “vapor ous

wat er, cardegyeRiioxX tddetor £ahb aht St Bigd SnagdEcud befbRas Lftér iR edymns afmbika
propane, is selectively separated into hot high pressure hydrogen stripper
over head s¥ithehipfess Deoxyaeaation igscier fenay FWIHHE‘BW}%W%%MWF* a3éb 2 gehit i on

react ef i ar bon
oo OBy SOERE S, LR R Bl B D o
bottom 12. anﬁl@ﬂﬁ}@l}o@emnaﬂm of thir feeddnic o press orygeh Eoxygertion rdagpestiliant t ons

forms recycle gtre m1l stoc

stream 2 tY°¥PBSPRUAIRY eﬁé@“?@@ﬁ%ge‘:a&ﬁg}?ﬁ%@ %w;%&fdl‘oe(ﬁmgﬁerg%@c €8t feam

16, opti ongho®dteaddox BRnatiohYedd®r i @bt IRdt dichiRgtd Witk Qredopgemaihing rﬂeeﬂQ@Ct or 4
and i ntroduced at inter sta%t | ocati ons such as between beds 4a and 4b and
1§

or bet weerfhe grogyzendionpeacios Stigam bgamprisss a Beydporaponerf canigining l3rgstpaaelr e
contrak. mﬁlﬂl}lﬁﬁl ne?(}n&% ifiQfie Q'l:ghm%r & W %%&fu@g &Elﬁt'cgﬁ%'hm @zﬁ%é?{lm in

stream 12 W th hy rogen-st eaml mco I ned stream 18
which is rtqutogda,t@orcmsmrerzanbommoamddesedmmdlmeddwq;dmmaatkl ng reactor 22.

Stream 18 [HR%] be g)?(gzge%{a(t?oqﬁge%tm eML ent strgacr)n Esl tﬁeax'ltcixlcc)agtegi &)ah%tt Plrcrh %Ie];slulrjeent 24.
hydrogen stripper 8. Make up hydrogen in line 10 is divided into two portions, stream 10a and
10b. Make up hydrogen in stream 10a is also introduced to hot high pressure hydrogen stripper

20 8. In hot high pressure hydrogen stripper 8, the gaseous component of deoxygenation reactor
effluent 6 is selectively stripped from the liquid component of deoxygenation reactor effluent 6
using make-up hydrogen 10a and recycle hydrogen 28. The dissolved gaseous component
comprising hydrogen, vaporous water, carbon monoxide, carbon dioxide and at least a portion
of the propane, is selectively separated into hot high pressure hydrogen stripper overhead stream

25 14. The remaining liquid component of deoxygenation reactor effluent 6 comprising primarily
normal paraffins having a carbon number from 8 to 24 is removed as hot high pressure
hydrogen stripper bottom 12.

[0050] A portion of hot high pressure hydrogen stripper bottoms forms recycle stream 16
and is combined with renewable feedstock stream 2 to create combined feed 20. Another

30 portion of recycle stream 16, optional stream 16a, may be routed directly to deoxygenation

reactor 4 and introduced at interstage locations such as between beds 4a and 4b and or between
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5[ 0051] The product of the isomerization and sel ective hydrocracker reactor
contai ni ng a gaseous portion of hydrogen and propane and a
branched-paraffin-enriched liquid portion is renoved in line 24, and after
optional heat exchange with stream 18, is introduced into hydrogen
separator 26. The overhead stream 28 from hydrogen separator 26 contains
primarily hydrogen which may be recycled back to hot high pressure hydrogen
stripper 8. Bottom stream 1030 from hydrogen separator 26 is air cool ed

usi ng air buoiskernd® iandiei, ot oaopket adindcmreodure torgioph Ahateorair@dr of hnt lpgloduct

monoxi do, PFHPBQu Rt B, CLAPD U B BP AR r Db aoans VR o "

stream 36 yémdigedish@anh i Swhidh RyeiteCRIR@RiPAIchiapdseRktitd 1§ d®kfeidng tesctbramved in
stream 38. A water byproduct stream 40 may al so be renoved from product

separ at or Sucamskfragiedpateschapgadodlidemerisatinngensior iise Ppper 42 where
conpongnt Sg)lﬂ?%j‘ ng-hl %}éﬁ%‘é B%k?%{n\é&iz}‘é{e?&ﬁ%n:d:sbﬁeét% h?cfr@cra?t‘i’t@x%&rtcfr@oﬁt&hﬁigﬁt ream

44, option conpo t Ing point range of aviatfon fuel
i s renovedgdseous potianofiddrogenpuipeoiase sdtatirmchévepaoadfib-emghpdliqid patgeisof t he

desired di esel f.uel ere ed from product. stri r. 42 i.n di.esel product
stream 45, "HY ‘Tf{ ‘f‘ﬁ‘@e %zﬁﬁﬁl ﬁgf}g\é?uqnﬁleheati eggl&ng? %{Hggl“’*‘f}%ﬂgo‘ﬁé}ﬁ"@“‘iﬁiﬂ%g aphi gﬁer
boi I'i ng pohytogeRRParatddas. 1B dlerARa istr@sh Pfioh RGdrEied S@lardRsr@8 ¥6ktaisié hi@adrly bei ng

w t hdrawn Z0f rom product stripper 42 in diesel recycle stream46. D esel
recycl e sthlsgenghich maghe EF@Y@@J hagk @dwbhigl Pigssure hydiogemstopephBatarsEEt ed t o

the i Sgmer ﬁ()zf%xh ﬁgdlﬁ%g s%@k‘a%&bi@{%ajp%gfeﬁ%iﬂg gi'r P&143D ﬁnd?%tm(gccsacg {ﬂgf C}?‘Gducf“ esel

recycle stream Introduced to 1sonerization an I've cracking
zone W t howparaton®d. i prgdwit sdparator Bhte 22scoB8tpoetam of theisseann¢angulisine dydrogen,

fractionator, 48 which operates.to separate LPG into overhead 50 | eaving a
napht ha. botFtsiEnaSxide AR Risas sHideyaiR IR 4R BISPHE G BPOMIAR SEaBaPat or 34

cont ai ns t PRiIABS BQIS hRPEIVBRA pStiok BRthé SRARYiE Zaiov&@lin @fiéAntisg) A Wabiypoanar i ses
at | east hydrogen, carbon nonoxide, hydrogen sul fide, carbon dioxide and
propane andrehs 48inrag atse de rapoyediiem eradaet sefraie 34biimamedds ingoduspdiogredugar bon
di oxi ang . i .he. . e cost of
nydr ogan.  TIPHLG Gants Sihichfis bBIP ey KBRRE v bRy B e Ol ot or
4, but it omiondly cdmponealsivathirahe boiling atie 133t beaiaib duel diraxo@d irostream 46xcess

of sul fur containing.cqnponents. |In order to sepgrate sulfur _containing
conponent sCOARENELT “813 91118%p?‘Pbrﬁ?ﬁ_et?é%ﬁf&?’@&éingé‘é%ﬁ)‘reI?P?Vé’%‘iog’é’r? “hassed
through a gyskem afdidtl preRststrb 48y e the RSRARRE, $he ddsEIaRlcb@Porkafs WRNRE S,
starting with the first am ne absorber zone 56. The am ne chosen to be

enpl oyed i#higher beiliagpeiat rarce i dhat 9eird fos fisalinsel psrdugleiieann. beEBWithdisgPi ng at
T e T T L D
and fr om Sd8ABke vathdstiesm @2 endaimbbaxthicereto tthet ibemairhtiiesaind sdeci vphwhat @ding zone
activated %bpgolugsie%igsae r%lcy?cﬁg s?rgam 46 may be introduced to isomerization and selective

cracking zone without combining with stream 22. Stream 44 is introduced into fractionator 48

which operates to separate LPG into overhead 50 leaving a naphtha bottoms 52.

25 [0052] The vapor stream 36 from product separator 34 contains the gaseous portion of the
isomerization effluent which comprises at least hydrogen, carbon monoxide, hydrogen sulfide,
carbon dioxide and propane and is directed to a system of amine absorbers to separate carbon
dioxide and hydrogen sulfide from the vapor stream. Because of the cost of hydrogen, it is
desirable to recycle the hydrogen to deoxygenation reactor 4, but it is not desirable to circulate

30 the carbon dioxide or an excess of sulfur containing components. In order to separate sulfur

containing components and carbon dioxide from the hydrogen, vapor stream 36 is passed
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(MDEA). See US 6,337,059, hereby incorporated by reference inits entirety.
Suitable amties for the first am ne absorber zone from DOWi ncl ude the
UCARSOLTM AP series solvents such as AP802, AP804, AP806, AP810 and APS8I 4.
The carbon di oxi de and hydrogen sulfide are absorbed by the amine while the
hydr ogen passes through first am ne scrubber zone and into 10line 68 to be
recycled to the first reaction zone. The amne is regenerated and the
carbon di oxi de and hydrogen sulfide are rel eased and renoved in |line 62.

W t hi n t hethfougls & systeimad’ abllossd Meamine alsorbers dsespligdediuhbdrh etarig Wik tlaeeﬂ)ytl ed for

use again._The released bon di X|de an i i are
passed thr%’i’]‘ﬁ?‘u bsglgglnzd’n%%(?c %@'rnec et tzoé)ﬁé”g’ggx'vé]%q‘mcon amﬁgbe' 36 chﬁabez

sel ective dfgelbatbeRganowny 4 leds botitihe dvaiposakasttitniest! artoadbaficdhdthe dalfurAgai n,
suitable am nes are is available from DOV and from BASF %nd i_n one

embodi mentconRENes Sesasddrogenvuifidst Sitable amies ¢ pwilaRipER™ LW 386 i9mh nes for
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hydr ogenati on and deoxygenati on zone with a hydrogenati on and deoxygenati on
catal yst at hydrogenati on and deoxygenation conditions to provide a
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10 range than that desired for the diesel product stream. Diesel recycle bottoms stream 46a is
conducted to combine with stream 22 and introduced to the isomerization and selective
hydrocracking zone 22. Of course, diesel recycle bottoms stream 46a may be introduced to
isomerization and selective cracking zone without combining with stream 22.

[0054] As discussed above, stream 44 is introduced into fractionator 48 which operates to

15  separate LPG into overhead 50 leaving a naphtha bottoms 52. Also vapor stream 36 from

product separator 34, is further processed as discussed above.



at | east one overhead stream conprising at |east LPG and naphtha; and
recycling the recycle streamto the isonerization and sel ective
hydrocraci ci ng zone. 2. The process of Claiml wherein the separation zone
conprises a single fractionation 25colum or two or nore fractionation
colums. 3. The process of Claim1l wherein the selectively separating
further provides an aviation product stream conprising paraffins having
boiling points in the aviation boiling point range. 4. The process of
daiml wekslMS:the renewabl e feedstock is in a mxture or co-feed with a
petrol eum hydr ocarbon feedstock, and the petrol eum hydrocarbon feedstock is
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process of im.d furt kSl ! .a portion of the
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feedstock is in the range of 2:1 to 8. 1. 107.The process of. Claim.|l wherein
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di esel product stream of C aie?‘]ﬁl and a.conponent produced from processing a
pet r ol eum e yEocragkag &9s ‘@“Eﬁodﬁ‘a‘”%oi nt of the diesel fuel is from 10C

to -2Q€, or -47C or | owef dRsel gRI8EBAA coprmEM 3¢5 on of the

paraffins having boiling points in the diesel boiling point range
a recycle stream comprising a second portion of the
paraffins having boiling points in the diesel boiling point range
wherein the composition of the diesel product stream and the
20 recycle stream are not the same; and
at least one overhead stream comprising at least LPG
and naphtha; and
recycling the recycle stream to the isomerization and selective hydrocracking zone.
2. The process of Claim | wherein the separation zone comprises a single fractionation
25 column or two or more fractionation columns.
3. The process of Claim 1 wherein the selectively separating further provides an aviation
product stream comprising paraffins having boiling points in the aviation boiling point range.
4.  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

30 with the renewable feedstock.
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5.  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, and kernel oil.

6.  The process of Claim 1 further comprising recycling a portion of the hydrogenation and
deoxygenation zone effluent to the hydrogenation and deoxygenation zone wherein the
hydrocarbon volume ratio recycle to feedstock is in the range of 2:1 to 8:1.

7. The process of Claim 1 wherein the hydrogenation and deoxygenation zone effluent
comprises a vapor phase and a liquid phase, and the process further comprises separating and
removing the vapor phase from the hydrogenation and deoxygenation zone effluent before
isomerizing and selectively hydrocracking.

8.  The process of Claim 1 further comprising mixing one or more additives to the diesel
product stream.

9. A diesel fuel or diesel fuel blending component as produced by the process of Claim 1.
10. A diesel fuel comprising the diesel product stream of Claim 1 and a component
produced from processing a petroleum feedstock, wherein the cloud point of the diesel fuel is

from 10°C to -20°C, or -47°C or lower as determined by ASTM D2500.
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