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APPLI CATIVONI 28{00004&p Thi s application clains priority froRCPAUSW0I06TAL
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Agreenment Nunmber VWO11NF-07-C . e United ates vernnment has certain
rights in the invention. BACKGROUND OF THE | NVENTI ON 15[ 0003] Thi s i nventi on
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fuel s including diesel fuel and aviation fuel fromrenewabl e feedstocks

such as the glyceri de€R&@SS-REEBRENCUB/TOREISATEDNCPRIICAAION al s such as
plant oils, fish oils, animal fats, and greases. The process involves
hydr ogenat i on, decar boxyl ati on, decarbonyl ati on, and/or hydrodeoxygenati on
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t ranspor t&ticate nuslentifgy.eases worl dwi de there is increasing interest in
sources other than petroleumcrude oil for producing diesel and aviation
fuel. One such source is what has been terned renewabl e feedstocks. These

renewabl e feedst ocks 7SI FMENdeRESARIIDY EEPRERAL-LY §RONSARER uch as corn,
rapeseed, canol a, soybean aRESARCHHPRPEVELOPMENT

10 [0002] This invention was made under the support of the United States Government,
United States Army Research Office, with financial support from DARPA, Agreement
Number W91 1NF-07-C-0049. The United States Government has certain rights in the

invention.
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
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animal fats and oils such as tallow, fish oils and various waste streans
such as yell ow and brown greases and sewage sl udge. The common feature of

t hese feenot20mks747s t hat they are conposed of gl yceri desTasdoobioe3Fatty
Acids (FFA). Both of these types of compounds contain aliphatic carbon
chains generally having from8 to 24 carbon atons. The aliphatic W

2010/ 077476PCT/ US2009/ 065232 carbon chains in the glycerides or FFAs can be
sat ur at eda8bn BRI in th gly@éucfé@bb’FPR§@§d‘t5@§aﬁgate%§ﬁm% Hh%l %bb&gﬁ{sbt‘aﬁa‘&d n the
renewabl e fed stocks wil'l be triglycerides, but sone of e glycerides in
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as par a-X)i| ene. US 4, 605 di scl oses the production of hydrocarbon
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process or t eatin ydrocar ori
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conprises an optional pretreatnment step, and one or nore step
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Optl onaI an avi atl on 1ons an

yi el ds ofmgﬂﬁe)ydiyaﬁﬂboﬂ}cg@mmﬁrfbu@mh wi@o@un@dtioan conmponent are determ ned
and the anmount and type of recycle to the isonerization and sel ective

hydr ocr aEmOﬁb zohe nr@cedéb@ﬁm qcvéwrusw mmwnalcprﬁfé@@m@nﬁéw@p@r& $riccutipsteand
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or nore ﬂiédétbctlé/@@ éﬂ’éﬁé@é @tqwsrt@dleb@ff@éle;oa%ﬁeﬂtgmwﬁssﬂo@ﬂyfahealvsano‘ﬁtﬂmeY OF THE
| NVENTI ON [0007] Tﬁe process is for producing diesel boiling point range

hydriécar b@nsorfenbﬂ%ha speifeshiibharfdgeisive pieldsTh éhe;ﬂlgstﬁﬂeg@nmmt arslethe aviation
Feedst oo Rl EENAER AN I e aol FRENEY O STRE B TP AR AR 1O The
selective hydrocrackmg zone is determined in order to meet the specifications and yields of
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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25hydr ogenati on and deoxygenation catal yst at hydrogenati on and
deoxygenation conditions to provide a hydrogenati on and deoxygenati on zone
ef f| uent wWOrpro/gr47g at | east n-paraffins. The process c&CTAsE@v/ObOMeri Zi Ng
and sel ectively hydrocracking at | east a portion of the n-paraffins in the
hydr ogenati on and deoxygenati on zone effluent by contacting with an

i sonerization and sel ective hydrocracking catal yst at isonerization and
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i nventi on where the 15product stripper colum is enployed to generate the
product &virbdgpelingpeint Hegparaffinic recycle streamto the isomerization
zone. [0009]FIG 2 is a general flow schene of one enbodi ment of the

i nvention where a recycl i | IR OEA®ARRYed to generate the
paraffinic recycle streéﬁ??%@?ﬁge?§%3§$$§§ilon[¥§%e. Sg%ETAILED DESCRI PTI ON

OF THE I NVENTI ON [0010] As stated, the present invention relates to a
process {@08pr odtiGi. mgs apereedStovaschemns bf biykmie@timen qnidinetntRhrvetame theef ul  as
di esel boiljing point range fuel or diesel boiljng point range fuel blending

conmpBnenPIIdemMiBPReE ARAN 18 cpkaysd icsensipiathe eradyeseream(QirhatheRidHpig pl ant s
or ani ma | . ides for controlling the cloud point of
t he prodh%ggggggﬁgF;ggH?ﬁ%#&%ﬁ%ﬁéﬁﬁg conponent. Optionally a second
hydr ocar pE009pr oditIGt 24 4 gateral efwudchaise 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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avi ation fuel or an aviation fuel blending conponent nmay be produced, and
the process may be used to control the freeze point of the aviation fuel.
Cont r ol | iw@ 2010007@47p0i nt or freeze point of the productsPEmAlSe@9/063282 f uel s
to nmeet specifications as provided by industry, governnent, or mlitary.
Different types of diesel fuels or aviation fuels may be produced, and the
current WO 2010/ 077476PCT/ US2009/ 065232 process provides a technique to
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r enewabl §001d¢dst Dek®rh haiewable fb&istdﬁ:ﬁ(ils inBarit e inghels ésddsionkesthérahar thokaude any
of those which conprise glycerides and free fatty acids (FFA). Exanples of
t hese fe@B@Wé%&rep%scfrawetrewmaﬁ%dwi Anoher g Hat hag BesUSHIO desskibe & |, soy
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henpseed ol castor peanut oil,
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oi |, caméhicaadesgind freﬁéthoaﬁm (BFA)- Ee@rlwé@ Oélthese freBsieeks 1a¢Inde, bai #F¢ REF nel oi |
and the |ike, J h%m %ﬁeéddgoca isHa es%Ed Bih &%! LG cé’l‘% 8"1 %91 mﬁﬂ%gnﬁ%”@
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24 car bOﬂllﬂIﬁcﬁﬂﬁem tnln oawaanyhmeed bie, d@bb@t@an&aatdﬂlongpémg{rblp@aﬁﬂaﬂrrahstaﬂs of
fatty acids with 16 and 18 carbon atoms. 20M xtures or co-feeds of

r eneldabl €ilf gd@asesdiodl, @Hﬁwpﬁl}ﬂd‘l auraenigiagesnlpad. dear %rfgtsmgm% §gh ¢ algpdd as
the feedst OCl\(Nagcgslr&?ge C @1 131 ?lhaatrlﬁéirrrlg f gtf \MEIOCI cur SOl gb%gu mvvanfrﬁ'kgrney as

a co-fee nen on W bve rene

f eedst ockd.anil Iﬂ&l luge TEP 8RteriiRt @fid PFAS ofthd typn@lau %gdtﬂhe bu&mmmt Sontaiged
paraffin waxes, |iquids derived from gasification of coal, bionass, or

nat ur al gbshamlhb/é\né@rbby clepiafoliriBelr SapyIE aédheltatvE §rio Qﬂ @prbsm GIPIEESWIth 8 EHEY -

25Tropsch oIo ui ds der.i ved rom po her mal or
chen car O B AP AT na b B LSRR B S P PR el 4F

pol ygt hy Mﬁ@l,resadidolfewsdﬂn@eWbmbé@tdm @rﬂﬁpet@m@n@aélﬁredwaﬁob%bﬁs @hY 8lso
generated as byproducts from petrochem cal and chem cal processes. M xtures

of the ab@u@edf@éﬂ%fe@ést@cknﬁ&healf@ﬂstbek ageponggtsophitle sy bempesh esnesiallpaga co-

advant ag?eeg 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.



using a co-feed conponent is transformati on of what has been considered to
be a waste 30product from a petrol eum based process into a val uable co-feed
conmponentwoaotg746r r ent process. WO 2010/ 077476PCT/ USPCTAISO@B283232

[ 0012] The principle hydrocarbon product generated by the current process is
a diesel fuel or fuel blending conmponent. The di esel conponent conprises
hydr ocar bons having a boiling point in the diesel boiling point range and

may be uggd i r epid e;}{m% 1@113)‘&'@&&1)0%}'0&& %}'8%@@@ Whd Bir@hSibe&ORANERT fiepef or e

bei ng used as dies or may recel addl i ves before being used as 5a
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directly, ?1%{: (g)t\flzl Ul 'eﬁ’t? bEME! be%egc&?é’ aPGel? ﬁ%% ¥ m%g blend! faH&PG&rH%?&Q BLink QsdAEST

t he speci or a sp type of aviation or may receive
addi tsi ves deéldud. Ieiddigion siélp@sesamag\vipidnadly piadice alDeyiativi doghpopean wihieh
application, various l1l0additives rmay be conmbined with the aviation
conponenfOBPriseh é.\/%rp%‘éqméléwé AdAHing @ﬁ@f Hx (Bl YAty Rpaking Rpinfaangers whishr ed
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fuel conposition-o enera

conmponentorhpéneno maky tkﬂ@%p@@ﬂﬂﬁhﬁﬁdfov\h bfeceay sy of iR{adiom L tolrm réiveet key
pr oduct s§§C|f|cat|ons of at |east one of: ASTM D 1655 Specification for
Avi at i onadqdifivsispeforg/ging mer apaeagatinn foql. Dgnenqimgmpﬁ@ thr@@phcaysmaézp%n

Reu o es 518 ps o teARIBARE 'iagit colpp s o B RSP ER S EenciPln Vo
of ASTM afildr (dahecblajlire® Spéite aiHs $m<a<iﬁér ediGeok fid ﬁielsFll@Faxﬁaﬂﬁﬂ fHeQ@ation suel
(Russi a) Canadi an CAN B-3.22 Aviation Turbine Fue Wde Cut Type

Canadi anC@ARYSGESRPEoraly/Aenerticd herin dompdierwith, is Rblepdiag somppeenk/far. grnayg®1 33,

2E o R B et BB OERREE BRI 2o,

Car bur eagisgw DP@35 s’ﬁwlh@am@ﬁ lﬂ@ﬂ@ﬁa@mraﬁab PRels Béﬂﬁsd%@%ﬂ@l Punibalei FaR], Tur bi ne
Fuel s of other countries, neeting the general %rade requi renments for Jet A

Jet 1A 1, AvistioBKegnsaneTEype. Jetidt 5N Ql@csﬂ@ -Pod-34 FteA viaion Iyel Qualits Mat eri al
R e e e e T o
avi at i onsfaHetquireRehtd GASTE 16129 bl Fueht hRMFcaBHRMRudSa) W hdiAS CAN/€GSBIPAS S
Aviation Turbine Fuel, Wide Cut Type Canadian CAN/CGSB-3.23 Aviation Turbine Fuel,
Kerosene Type MIL-DTL-83133, JP-8, MIL-DTL-5624, JP-4, JP-5 QAV-1 (Brazil)
20 Especifcacao de Querosene de Aviacao No. 3 Jet Fuel (Chinese) according to GB6537 DCSEA
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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avi ation fuel used as a bl ending conponent of an aviation fuel neeting the
specifications above. Additives may be added to the jet fuel in order to
nmeet par tWourbavo7g4yeci fi cati ons. One particul ar type of PET/US@Y/ 06232 P- 8,
defined by Mlitary Specification ML-DTL-83133, which is a mlitary grade
type of highly refined kerosene based jet propellant specified by the
United 30States Governnent. The fuel produced from glycerides or FAA as
descri beqopgg)ei NThe cHBnY pRIcBis! Mowk Qor SARRFAS b @él@ctkaecré%%@u@goih Wy 1l SO
known as a synthetic jet fuel. WO 2010/ 077476PCT/ US2009/ 065232 [ 0013] The
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t he diesel fuel or blendi conponent to be produced. |f aviatiaon fuel or
bl endi ng%mﬁ%ﬂ%da lapsf ﬁgﬂ‘w%gae &beh a3 TreseyRRinkRaY Be pedeqiet iToe selelfveas
freeze pajdlc fheRPrRELRELSHion HIA hE) AL Mcoth LS irthe HhSSR! d
aviation%?ué1 na§ afsolﬁg coﬁ?roﬁle%J?%J? %x@ﬁyggﬁf%%gggégg?agﬁtngrocess
cal | s5 f orprodess cals Yol thagecotligy «fal ettt pation ohthefdidsklefueli te sked isdmelization tahé

i sonerizatjon and sel ective cracking zone. The diesel fuel produced is
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paraffins and isonerized to 10branched paraffins thus increasing the yield
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carb at, Thi i . | # .oud poi nt of

[ ass T nan Rl e ErRO st Blsirefe SGER o e TRAGHAT (Anfudll PRcd by
ASTM D250@droSaenoiiaviec chiefdwpatabd A6mEEbhi€p&rtikn botHeQlidveydl Q6@ RS i n
the aviation fuel range thereby influencing the yield of aviation fuel and
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fuel to regysige tarebyomilaeleed hogicld bf anLvh feeltand brHapethdicas@ttefistRs of the
recycle, different fuels may be produced. The relative yields of the diesel

conpbnentavighan fusd Foyiestmpla. e apiHenfuchispdpecdanainpye adscopepoint of -47°C or
20[ 0014] R fe t iLn the. present, inventi ntain a
St Loty CROCAAR il BRI LOTHS 1o, BY s PR AR B ERs  n Be P RRLRY 0 o

processi ngytRAuUE b ¥elatithgt @ffbredi dut€ OMNhaiRSe1g64186 Secqld, difSicht AGisdSay e
addition to FFAs. Rosin acids are cyclic carboxylic acids. The renewabl e

f eedst oclpsodwesd. dibs gelatoyn ¥ields ebie didsplaavmposestand shesd wation apetpahent neayge sodi um
and pota%ﬁaygbagggﬁphorous as well as solids, water and detergents. An
optional “TI tep is 25to renobve as nmuch of these contam nants as

possiol e[00Iag POR&RBlcREEsERRE TRIAtin HcSRedcAVRMRRNCGAR &5kdiRg vhAGyLenewabl e
feedstock with an ion-exchange resin in a pretreatnent zone at pretreatnent

condi t i omspurities. Forexenplea rgleoll s giby rreduwh ofibie tvoodippocessichmdggry asiitall silch as

Amber | yst TM 15 and can be used .a bed_in reactor throu whj.ch .t he

Feedst bokoramy eGSR eatenia B BRuPrdR T ah Sriann 16 Rddt B it Bt que

i ncl udes ThERRGhbRIdRRkERBYARD RoRAFfRRHBLARK IR 8 alkhB AR %L§§B(§iﬂm such

as bentonite clay, in a pretreatment zone. WO 2010/ 077476PCT/ US2009/ 065232
and potassium, phosphorous as well as solids, water and detergents. An optional first step is

25 to remove as much of these contaminants as possible. One possible pretreatment step involves

contacting the renewable feedstock with an ion-exchange resin in a pretreatment zone at
pretreatment conditions. The ion-exchange resin is an acidic ion exchange resin such as
AmberlystTM-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.



[ 0015] Anot her possi bl e neans for renoving contamnants is a mld acid wash.
This is carried out by contacting the renewabl e feedstock with an acid such
as sul furwo,20rwa7r476, phosphoric, or hydrochloric in a r@agtuseddkesaci d and
renewabl e feedstock can be contacted either in a batch or continuous
process. Contacting is done with a dilute acid solution usually 5at anbient
tenperature and at nospheric pressure. If the contacting is done in a

conti nuoqaomnp%oéh& f)o%fsﬁs%unx f&q@ﬁoiv{hgacoﬁ%ﬂﬁﬁﬁs G U h @i TRANE MPhisYR T

anot her possible nmeans of renoving netal “contam nants fromthe renewabl e
f eedst oclcairgdtdur by gintadimguisereaéwghiafad diiedswithiag lacidrsechnad dulfliriowitricn t he art.

These can _include alum na guard beds either with or without denetall ation
cat al yst PhetRMRIIgsordiyerashlose e g grector: e acpdpndgisnenablesisedsionk @ribesentaerd

t echni r r j whi.c . A r i ch
o R S S R N e LR S
whi chs mayat bebeapleapechturt @Ad inaphdriegatedsmekIfithe Ednoaeidg isodomehiy dicog@mats on and

deoxygenati on zone conprising one or nore catal yst beds in one or nore
react or s.MaPREr fdp HPalE dSROEKE GRINRE AHICRIANANAET- Jge Tl POERIS Masas Ohave not
been tr eal gt ihg ol ARG SANATHOAMS ARSI LocSolii0Bhol APARLOCkP ARPHIA i od
in a pretrea nt zone or ol l processing facrliity. I'n e hydro%ena ion and

deoxygenaihictarg &g, krfokhe if eedat. ablksd Gin e &cilehing dubrdebddy ditgeriat dromitiut
hydrotreating catalyst in the presence of hydrogen at hydrogenation
condi t i oslsmewmllnien exjdnss auchie niskek ersiobalp Filinsan andsadvenpextracHag teshnighes

al i phati c_hydrocar hon,chains. ro tion or .hydrotreating .catalysts are
any OF oo TRl Bl R e P PR ooty SR 4 FEL PP Bt

20di sper 2609/0000983i MhissubihacfetsLcsUBRMdue WRibIEmah e eaPeyali on catal ysts
i nclude one or nore noble nmetal catalytic elenments di spersed on a high

surface a9®H]suppor feedstork ik flatved tya bydaptnasion Anhddsixpgenatian sonergoimypisingt

and/ or Pd dispersed .o mra- al um na. drggepation conditio i nclude a
Fener at dPS e Porsealsy bSBUR ah gt Bop sttt 187 R PRl b kT R BB s o)
to 4826 kkRas@brohbtigive A8PvdRaItRAted ¢ RefoveRBhAN MG LA AsARSsel BEdstRRs

hydr ogenati on zone 25are well known in the art. [0017] The hydrogenati on and

hydr &t r eguiifigd oet pleyrsatyieaanme 0ad8 gresoesieg Ackitalls thedwgdrigeratioh agdt al yzi ng
O BB S5 OB S B RS BRRSaat
hydr odeoxy gRnpéseAtt G dRRER hihyRIPdJeBEd dnV&@Inditiodt &F hRBlodepaRShaSReNRN@Rat i on
reactions. Deoxygenation conditions include a 30relatively | ow pressure of
1724 kPa vatsswhigtd@o(tRB9 op giealiphaicllydsarariorahains dilydregenaBaoopsida)treaiing h
Sg})g\?\/i Zggt%tsalyistrs], ag'ehe?nyroafr%g(%e%];ell %%zvnklrl? ?he(a5r s(,)u Sais %zcktelo or6n§c %I/ﬁ%?yb%%ggg psia) or
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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WO 2010/ 077476PCT/ US2009/ 065232 kPa absol ute (700 psia); a tenperature of
200C to 460C with enbodinments in the range of 288C to 345C, and a liquid
hourly spasioeowdl’arivty of 0.25 to 4 hr-'w th enbodi nent s PCh/usSh@9feszgz of 1
to 4 hr-1. Since hydrogenation is an exotherm c reaction, as the feedstock
flows through the catal yst bed the tenperature increases and

decar boxyl ation, decarbonylation, and 5hydrodeoxygenation w |l occur.

Al t hough on thgs, be
A houah A5 PRSI 09F LRSI XBUREHT iy AT LAEEBLAPKRARY b
enbodi mernRs°Cray345eQinde: IRjiehaaly dpaat valatytof omusA hltlvhﬁl @dshensth @ed i s
within the scope of this tnvention that all the reactions occur

si mul t ané®iagIq) lita 4dwd . Sge hydrogenatian i GFeECIICTEIGHAR apdhefeedyieckcldoms t i ons
can be c {gllx h%% tsédér% dqﬁ%: wpderreﬁgl%n 1'eaOsQ Qr%i Eulbo¥ 195§ Curdgcalrbon ?a?lo%l anecld and
decar boxyla 8 |on hydro eoxy ena ‘oA oteurs 1n
secord Oﬂlyaﬂﬁbéﬂy(g&@dtlobaﬂﬂ%)scuﬂ Ntﬁ@lgh tﬁdﬂ d?@ nlaﬁoﬁlff@dmod & cR&Yedgc apaleat ed SO
t hat hydrogenation occurs primari at t ront of the bed, while

decar boxy¢essiogks maebahigblysattritonh a@cﬁ@ptrgymm@t@@awygjﬁmt innallye Ghevefeas.npipei n

the m ddl e,and bottom of. the bhe Fi na ena can be
o Ted TR T hist OfieRE e bRl mhus HER bR oREE AR ES it The RE0be
15and/ or oays peemxrasnall B8 ré@foRe @ dimBRaRblisly Ih GheSBRAGAIEn LEABIDT -
However, the order of the reactions is not critical to the success of the

process. /’{I@W@Wryethc @a@dlu@m‘ q@ndu@@tltrcﬁliadrﬂUtslhélahgmﬂro@@nmn pHmalky occurs in

d t t d

port Ko ot 864 EERsRaRy o cEmprruBDon i seafisioRRideR o onty FERRY
n- par af f 'oB&d&ﬂanh‘@é’d(E‘}JH%dly%ﬂ@b&l%‘ﬁ?é&lt [t3hdyase @%rd@@mftﬁamgdfdge@&meocéést o 18
carbon nunber range, with paraffin range of to 24 carbon

at ons. Dipfifrewidnat th@@qu@mm IWIhllhdmﬂmxmaelpemecambsnylam andns of paraffins.
A portio ion,  aft aseous

f thi d bon. f ti . t.h
port 1 on. MiycbRtvEsRioh SSTRe SRy Btk BuneF abgbrd iR 3t reel apdfenatidn and
deoxygena&a&ge@a@eﬁ c%§&édr§@<ﬂo@tﬁ9\6ﬁe re%l:&)h Quafe &etam%owgﬁ&p aEhesboll.&6h1 on is
in a carbon nunmber range that is useful as a diesel fuel or diésel 25fuel

bl enth ng andy’npbytémeoxmgmm@ecmi@ dayivdowd ibo seplarae teacinr. dbmmves s @dsievitthal |y
all n- paraffins, oor cold flow properties. Many di esel and

avi at i on"$458PY 15H8t|‘E5t1§ﬁJdﬁ°r’i€ REREPRESE have better cold flow
properti ¢go@nd Sphd x@@ctfo%%&d&'ﬂ frBﬁﬂﬂHﬁ&dxbéer{aHBﬁ e addx ?g&ﬁgoh‘&qgﬁons will

i sonerization conditions to Isonerize at |least a porfion of the n-paraffins
t 0 br anchedppsy tafth arlngutdt’;mrteduyandmgaskusg)ottﬁml dbt tighidgpartpmoperdrisesa Al so,

addi tional fuels, such as 30avi at| Qr aviation fuel blending.
conpon enggdﬁﬂ,ﬁ?f&?ﬂn 1t° 9%;}061690@1‘%%@ aar Wé éﬂcb E%\tlpg)ﬁ ahge concentration of pala%fms n

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



WO 2010/ 077476PCT/ US2009/ 065232 paraffins in the range of 9 to 16 carbon
atons, nmay be produced in the current process with additional processing.

[ 0019] Thew@aswiag7porti on of the reaction product from PaE/UsgeEvOGEAAL i ON
and deoxygenation zone conprises hydrogen, carbon dioxide, carbon nonoxi de,
wat er vapor, 5propane and perhaps sul fur conmponents such as hydrogen

sul fide or phosphorous conponent such as phosphine. The effluent fromthe

deoxyge“g&ﬂaﬁﬂafs%f?ﬁfé Ijﬁo%e ﬁ%ﬂg%e‘c‘lrﬁoﬂ a?orﬁs%r}a@'b% rBRREGH e INFERPER S tll?per

One purpose o0 pressure stripper is to'selectively
separ at eadditibedptocasspgy. ti on of the gaseous portion of the effluent fromthe
liquid portlon of the effluent. As hydrogen is an expensive resource, to

conserveltddi s, TWK&%%%@Paﬁéﬁfi@ﬁV@WégﬁﬁWWBmF@@VEP%HY@Bg@WEO$?@%t reaction
zone CO”E&L)JS/%Q%H%H%O% Q&Xﬁgsngfg{(gg RGOS cho‘fﬂ t& ?#(ﬁu&eo wWaRIRY o, he

wat er nonoxi ledee uent may eSuIt in

poor scat glopate QLI JePidpeRGIEur ddnipdBerits QBRIas ha@ﬂogéh Z0fgs oMéHo@ﬂShor@li%l’d@ﬁﬂ)onent
nmonoxi de, carbon di oxi de, any ammoni a or hydrogen sulfide are selectively

st ri ppedsuch aspRosRbinch Thnefifuentdinre thwénoeswatsm 1qpeey cusiupigd Ky e hefdugh The

hydr ogen used the. stripping na of carbon XI

The ¢ enpBiostits et i R b o7 B ok nish P s s tea PRI 6 B2 e 1 e
separati Qd]e@ﬂglytshﬁalﬂﬂ’e%ﬁ RHEtQ P06 thRbieah eI tied 0P kEXiciBir&hYhd Hguigame
pressure as the two reaction zones to mnimze both investment and

oper at i npoEieB 1§ the?ﬁféuqm@tASnlil@hogﬁnes squaehwr tegeurrcgtt@ copserverraytsdbe sqperaited at
condj tiops, rangin m ssur.e of 689 bs 100 S|a) to 13,790
pn s ol iR gt yef 1) e B SEithn frnciiii B MR Rot yestt eBaP R AD: ot
enbodi Mepilutd® rBRbvding b ares&e b EmbY i Y 8Rd §£rbbeB§>&1d’é&YorQﬁleCH¥ﬁu@1tt afhyat
conditions ranging froma pressure of 1379 kPa absol ute (200 psi a) to 4826

kPa absofegtlei lr( a0 cgt@lyal) pmfwmznman idraisabedative 2935 BV e, adrbow me882dkPa

absol ute pSi ) a te ature 50C.t 0. 350C. ot hj.

pressur e %6 %ﬁéﬁ? @PVﬁﬁgwnﬁﬁ O%%@qu% s ?ﬂ%§§8WPFEﬂF51?ﬁﬁ%gbhgﬂpressure
as the rgR&HORYES su%ype'; 8Sag H!;rdl@lg,énv The hidibSe®RRA tfoxtthétgmﬁaﬁﬁlﬁqlw&tdryg
pressure of the 25 hi'gh pressuré hydrogen stripper is wthin 1034 kPa
absalsut ear(difsee cpfsqael:)onm‘XIdelseThqotem@tmange praebs goeir@fedtime lingtedtringe tz eplEeva-or
exanpl e, .in ane enbodi ment . the hot hi rressure hydroge

coparat | B GO FERAGHERLLE Ao PR RS Rr e RLBOTeEde bRBE Piehste ¢ ha
of the rgagtins r@a@@@n 240 2P iMigi R N BREsRREES PRI kodil. ahe RHEREHT €
stripper and at |east a portion of the 30gaseous conpénent's, are carried
witht heplhgedraig,@mgn rsir;ppmngasgbfsomaxieé epanditiods rangmgdronou@rdsead o§63%Ea The

remai ndef, Slud (B0 TR VIRNHI B £20%:Tobbd'sHS), $1d SEMpeSalTTRUGT B30,

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
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WO 2010/ 077476PCT/ US2009/ 065232 hi gh pressure hydrogen stripper bottons and
contains the |iquid hydrocarbon fraction having conponents such as nor nal
hydr ocar WwO=01027747g from 8 to 24 carbon atons. A porti oRCHUSLMNH63282Zui d
hydr ocarbon fraction in hot high pressure hydrogen stripper bottons nay 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 hydrogg . i Ut t i . i.n.the:
catal ytic gé@%%%gﬂgﬂg§§?ggr cgggggmﬂg§émg%%§g%%gﬁg¥h&?g%”g@%%%ﬁgggﬁsﬁgorder

t o achi ewergpodass swet aamounmtl hgdrobartogewingnraol8ub i2é radoad atoead Al poravaof abl e
for reactj.on. ailable at the reaction site of the

n. If hydrogen is not a
cat al yst D HguKdR Heaiig TRIehE ft?éivi&hmssalﬁdlyé@&e% PYRPFLOREsRAesEd To
10sol ve %QH&: dﬁ?ﬁ ler%@@h&k%%ﬁ%ﬁ%do§u°fte” rai sed to insure enough

hydrogen 1s avail avol d coking reactions on the catal yst. However,

hi ghey pr{e8Xldr e Hpéogei Brseatant ifDthe reaesibhyatiove anidl (6l basifedite opaiftitienas
conpared to their | ower pressure counterparts., The present invention allows
for the SYaRHYChBYPPEdSTIRE bedn prautin tormost sHg@ivsly talemarkinghe gaalytie eeactiqn
psia) to P i {.ch LS| ; t found in
many pre&%o so%%g?g@?%%gﬁﬁ?%%%ggﬁg%%%w%gkﬁggéﬁgﬁgmgk%ég%%?%??ﬁaﬁ%ﬁgssure is

in the ragg®goi inrkdhdionRadaksiol uldlabB50r Reit@dn. IOhy#dkn kPeotaksialbid & thé50
psia), and in yet another enbodi nent operating pressure is in the range of
2758 kPa regssen sifeof| tho catpptathecokefonmps ppahegpsdysited demgvyes &y caglyst Aer nor e,
t he te of r i i.s.LNcrea sulting in a at er anmoun f
v olbnpdt STt bR R RREHERRRReh PR bR Rulh B B R BB e, Lover

oper at i N@vpilesEEesacabAYbifigie 2itaBed HoweRad, haf¥antadr: dRidliohs leaaseREsthe
decarbox¥Lation reaction while reducing the hydrodeoxygenation reaction.
The resulbrild gndytorengiase pospparadie tegiplomer pressiye coywsTprey dhe prEsew inwrboe

oxygen from the feedstock conmponent. and prod finishe oduct .

e ogen ‘S BE A EEHRE RS RIR n AN WBEFELE g e PRI (o 7Y i as2s

hydr ogen kPe @bdoh@BerticspsiaS WAL G &l thid @A ROn@GORSRY FreSbaneRhtiins, BS[ 0022] I n
one enbodi nent of the invention, the desired anmount of hydrogen is kept in

sol uti on aaethpiomerodphnesidhg epergfinganpisuigiipyn e ranggef 23/ dtaabsplubs/ @50 psipbion.

O her pr s ha | oyed drocarbon recycle in arder to control the
Cenper at 081 FE E8N e ERPIRSHT Fa Lt v AR wh et dsRuRe Blessel FEPire

react i onsangel@neysy kP4 HiRohdN@e0 pia) MG &Ph AbiB@E $6(CHK ) At rHsRAHResSI N 1S
set based on the need to control the level of hydrogen in the lIiquid phase

and 30t hef efaetien is defersed rsuliioadt & geerico Ampanteof tMiceghnwo ohmastfiak beyghdhd s
R L TR TR SN

20 in increasing the decarboxylation reaction while reducing the hydrodeoxygenation reaction.
The result is a reduction in the amount of hydrogen required to remove oxygen from the
feedstock component and produce a finished product. Hydrogen can be a costly component of
the feed and reduction of the hydrogen requirements is beneficial from an economic
standpoint.

25 [0022] In one embodiment of the invention, the desired amount of hydrogen is kept in
solution at lower pressures by employing a large recycle of hydrocarbon. Other processes
have 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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Hydrogen has a greater solubility in the hydrocarbon product than it does
in the feedstock. By utilizing a | arge hydrocarbon recycle the solubility
of hydr ogeEa 20r/a7he6l i qui d phase in the reacti on zone i sPGTaSRI0Y/055232 eased
and hi gher pressures are not needed to increase the anmount of hydrogen in
solution and avoid catal yst deactivation at |ow pressures. In one

enbodi ment 5of the invention, the volune ratio of hydrocarbon recycle to
feedstoc |H§/‘d§0 geh ‘BHQ 2 gr%aﬁepscﬁul;ihtyl iR (RN IS ar IR RO Han tif ek &t ih@ féRisiolk IH\E
range of 1to 6:1 and in yet another enbodinent the ratio is in the range
of 4:1 totibzing aTzlnge hedhgesbaf resyl¢ tiolselubdity n‘éhydadzgeosn dfe Iimyndiet plose rother ecycl e
to feedstock are described in US 2009/ 0082606 Al . bl.e ranges for

hydr ogen "€6HbFTICH SRaT L TSHEH 4 RICSEUIES %f%e%*resd? forigergase AbG ymento: 1.
From r ecxsfshﬁalzz\% ﬁ%gluﬁ@ltl bﬁ’&a\%fld gata-l thfeQ&Pv‘éHB‘n & 1é,wta?@ss§fe§% gb Qb0 ﬁ

2009/ 0082606 showed that the grogen solubility remai ne gh. Thus

t he specbf ihe inwmges, thé valomevaio mfaltydus:adfonrre@ylel te fecdstocle s fian 2t lhtloss l.In
enbodi nent |s determ ned based on achieyin suitable h drogen solubility
in the dé%%b“g‘eﬁ‘i‘%iﬁdéiﬂeq‘é%ﬁc‘taP%Fﬁ lfcsﬂferang@el}z/%]l TnOd gt e et nBtar RERediTRSTEad of

recycli ngatg)é (L PHRERRR of eret8%r1 %@?aﬁ?g})f]ﬁiﬁgfe voﬁﬁx&é Beds 89 &M oh Ig&}%(ﬁyssed

above may used t & provide the so rogen tenperature
cont r ol . tdepénaikrge d¢poribédia w&lz@m/@(m@osm Sﬁltdbﬂmlahgekrfmaydmgenmmbﬁlhg
co-feed conponent, one enbodi nent nore econom ¢ than the other. It
i s i mpor P&FR Shoynpbegip Bhe rackele ﬁ%@&e rf?él%qf Zb-Fresdesyslegpifeesvationefd:t he

procgss gogs O%P@‘l G fafof 8?%@'2%9 foo?%(%e&f’ ho%ﬁ%ﬁtt? g;gz%%egl%ﬁfbhﬂﬂea”d

hydrogenat| be achr eve recycl & or co- nts
still anfﬁrﬂit&ﬁecﬁ’([@lﬁld]l"hmerthe spBEiEAgR S vﬁwolbalcs@ﬁdwybledo %eﬁffomhml nuous
cat al yst regeneratlon in order to counteract the catalyst deactivation

ef fects BMbpdEenpiRdieteanygnbasedronfghicsinern suiale hydrssn wluhily 1pitkfher
operatlngaﬁﬁgghﬁmﬁq ULQ? As mentioned above, although the hydrocarbons
may be use as a I ese uel, or a diesel fuel blending conmponent,

because {(92g] conmphns@sr @ssriheml nyead bf RepainghlyiRsarbbReheWr or@ dhageopoor
cold flow properties. To |n%rove the cold flow properties of the liquid
hydriécar B?@ﬁ cpmperanéndisqueed)dbqu mapagecddp provade @aé@kubﬂltmm@gqngméont act ed

with an | tﬁl%%%étg o ?‘gea}lld}/r}%/ud)on(%& Ie, a%Q/m%ostsZ 811 tlthg?lgif 13RS log gr? th |C86%?6d

|soner|za on an rocrac Zone eas

i soner i zeorhféheAQoRBbmpadiatehi Mgy b@nﬁ&meﬂu&aa@fﬁeldﬁ&r It Q@iﬁﬁioﬁ@ﬁt&bh%ies and
conditions for isonerization are well known in the art. See for 30exanple
US 2004/ @28@]@8@%6 auepderd is optiensl pedt Hieauiodsss dask apiliegeirs rechels oeen-facdt y.  The

Gooree of SUBToTye o BT LSRYeR 085S, R DRE ot OBhe L, U

cr acki ngc@ﬁpor@ﬁfél BVl dnetheEehbbdifepr, @deiretd3t ARG bs la@@dufcte@iamo&ﬁmﬁoashe
desired products. |sonerization can be carried out in a separate bed of the

sane r eaedlalyy regsmeratipn é ordainte covaierast the gatalyst dsaetiwition effeets phieilewerer i zat i on
can be car nas rate tor. The uct of the deoxygenati on
TBiEC o Elashitah SR THEuh TG Phrer gl GRERR

reacti on zone
[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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5catalyst in the presence of hydrogen at isonerization conditions to

i sonerize the normal paraffins to branched paraffins. In sonme enbodi nents,
only m niwal20twEnehi ng i s required, enough to overcone @ocrarsteomwizevbl ens
of the normal paraffins. In other enbodi ments, a greater anount of
isonerization is desired. The predom nate isonerization product is
general |y a nono-branched hydrocarbon. Along with the isonerization, sone

sel ecti vasdieHA66Redd RkcBle LAENRg A¥dRRM DN ReHd pr@@éeéimn&n%emeal&ﬁv)er e
the conditions of the |soner|zat|on zone, the greater the anbunt of

hydr ocr adhé degired ptddecthyldwm@azalu@n san lethyﬂmaan acskpemge be¢ of thie ngme reactien
i soneri zation zone results

di.stribution o carbons than
Ul t ed PO REABI o dRs PeRaIRET HiRds Pt bR ER i A Gerdeki ng
produces l&ﬁﬁh&ﬁﬁhﬁiﬁ oPthe @X@(}%@I@éﬁl@g RSiclidh 2dME i8MInddcte@Ryifrigl lsé}ﬁériz'aﬁgn range.
15[ 0026] The i soneri zati on of e paraffinic hydrocarbons can

accoﬁpl|$WB@ﬁ1nﬂanyewaan@ﬂuﬁngmmMHanmhaaamtumﬁuhmsUBmmgmamyhsmnnable
cat al yst kn e art tabl e catal ysts conpris tal of. Goup
UL {1 AT (o Prapre et San BRrereabits ke 2 BUPS) DFARCBIE & 0GRS bl e

Gr oup V1 ol BloSerbifit 8- RhAS O 3P the At Butiin A G ertlipfbnmy be used

al one or I n tonbination. upport material may be anorphous

crystal | igneter Smotiathilf ésosepipaticn i@ OesrterThalpsedondhatel somenzepion peodatiisigererally
anor phous S|I|ca mna, ferrierite, ALPO 31, SAPO- 11, SAPQ- 31, SAPQ-37,
SAPO- 41, adnpng;br g&%bﬁf@@caﬂm g longuyiifpthe gomeyzatiegypopge selegiiyeizydr of

VeAPLD: 3@%%5@%@%%?@%@%? P MR e EREA o RO 1

ELAPSO- 3 Lreakdr Af2SMhobi; ofl lydroerdcking of derhgdiooirbens. The hedrbdreckikyetcogig if diem of
25still bite, magnesium or calciumfaormof nordenjte, and nagnesi um or
cal ci um fOPRIGHIGRAoPR ESHIE in@aiHetstiption afkydsearbansdhap issited froppthe

conbi nat i 31,

Sapo 37 SRyeQER I PaTRRELPP AR Py e SRR o i s
4,943, 42%y¢U8x&n&8ﬂﬂ&@%anﬁﬁﬁﬂb&&n§ﬁ&geand US 5, 208, 005. MJAPSO is a
NbAPSO which is an acronymfor a netal alum nunsilicophosphate nol ecul ar

si evd, wh@26] 30t Ree iperperizaien pkthapgiatigmdraggybonsean keiceomplrbabimanycat al yst s

aascri bed e have i HEHTgR G SERE AT e il Bl sIBERS 77

pr ef er r edoMgARSCnetaheT@odg VITE aliP AC BYAPSICh& B dilc TibleGddd ipbyid enadelial. MANY
natural zeolites, such as ferrierite, that have an initially reduced pore
size can SHEaRPEH meal drcidesiatingl admeHabvat ¢ash ekwhish arayibsawed dlorg i on

gi CL:%ZIOQ%IGL%E%?&'H%B eﬂqe%hhgcl oy g%ﬁgllm beaelrrlf%rlglgou% of & y%tall%ﬁt%ntagl% S ni umion

cination uce anti rogen orn1 as
taught i mndSiatk idQbdb@orphelisdRiming 2dnddghbus FiliE4- hl@fmﬁaatfahy@tb SABPJ-3¢ 084POL ons

for skeletal isonerization are disclosed in US 5,510,306, US 5,082, 956, and
US 5, 741 1769AP0O-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, 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. ALLPO-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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[ 0027] The isonerization catalyst may al so conprise a nodifier selected from
the group consisting of |anthanum cerium praseodym um neodym um

samar i umwg@adoli7m7am terbi um and m xtures thereof, asPa#dsSeéd9scs28n US
5,716,897 and US 5, 851,949. O her suitable support 10materials 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 sieve process for |ube

dewaxi ng Amsu%oa@efeﬁ@a PSOWWHetEN R¥ang-a MeAMOIh&Ying kitudis E@e@nous

Mat eri al s (1994) 9-449. The teachings of US 4, 310, 44%; US 4,440, 871; US
4, 793, 98 ManlyBaural 38011ds9 suciBs &rerBe 4Rat hauiSarbinBily BAlncedi®ré&siz&&nass; US

5, 208, 005; US 246, 566; U§ 5,716, 8197' .and .US 5, 851, 949 are .15Cli]e b

1 cor por BRRYETEY (oGRS wiaRS Torsteltn Y5elekl HReHEBIoR by TRo N AE0GAR0 plsalt el

sui t abl eopél_f(émféte'aﬂl@ﬁ{etaﬁf %' Mﬁhiu‘?@ioﬁ%x&lﬁné@%daﬁ&ﬁaﬁgn Ry prdBuRE mgt_%lﬁ'tially

silica-alumna gel and one or nore netal S belonging to Goup and I's
ef f ect i veydrngdnhferthydnaighoimdrs 4,395,628 afd UDAG24027.Funbemmatalyseraatl ombtions

cont ai ni ng re than 15 carbon at o S 1,419 and US 5, 968, 344 teach a
Ul t abl ¢ Kot PO 8k SErTre G h S Sl ST OpBTSt SRS ae ot al 1 ne
(R By WBEor ot iherbhlch LA AR s SpAGHSE ALIEPBRRATER He g5, 1 503
rati o i schisghieg of hamhadOf, ckiiufippragodyiunybesadyietal {asarinel, gaplingn, cerbduayp
\MA, selected fromplatinum and pal ' in an _anmount conprised within

| ad
Lhe | angaNbRPRBHITGIIE a5 BoSUbILMS S 055 41007 595 1049 AN HeT SEHabls SUPDRRD.
Cat . A o - . i . t.
Co0ol; rhmafElivindadt xH0R) 7scfs LEEIIEESY SnidPAD ALMALCA AR ACRRL HE! -

such as Usagziahssend hetheanitlcdrtieed Aoy enoldcnla@ sieed pbcesh S NEdel dedakidp by
conditions include a tenperature of 150C to 360C and a 8r essure of 1724 kPa

absol ut e Wepsomsszaion ovaterddd. Mbks) ipddicopomup Masgrials h(1qAbt438r448nblsdi nent

br essur o BBk USRI P TS  PALEAT & ARy S B B8 ey
Qt her opseay Bag WPHAGS,6651F HL0Y,005; USOIB44, 266; USIH, ZIee®7a5e] UsI8skwanarel n t he

art, and the specific WD 2010/077476PCT/ US2009/ 065232 operating conditions
usedSar ehgelsdiscappisfpdbyapfdrease dependant upon the desired product

speci fi Cﬁfdé@j’]s a[%i S,réﬁllﬁgi i [)fé %lé%g,lgjl tetarc]he a qui%gi’lecl}ifsuhctional catalyst which is

constituted by an amorphous silica-alumina gel and one or more metals belonging to Group
VIIIA, and is effective in the hydroisomerization of long-chain normal paraffins containing
more than 15 carbon 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
S109:Al»O3 ratio 1s 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 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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[ 0030] The catal ysts suitable for the isonerization of the paraffinic

hydr ocarbons and the conditions of the isonerization zone also operate to
cause sorwolyuvwoz47acki ng of the 5hydrocarbons. Ther ef or @CTAISRINOOG23A Mai n
product of the hydrogenati on, deoxygenation, and isonerization steps is a
paraffinic hydrocarbon fraction suitable for use as diesel fuel or as a
bl endi ng conponent for diesel fuel, a second paraffinic hydrocarbon

sui t abl e oheatibs ordificHI uddd &b 'p%efeﬁﬁ ned @ﬁd ﬁﬁ: RpERIARONMhS Qsirdd bajduen f uel
may optionally be generated as well. Fratlve of this concept, a

concentrapmmﬁp%¢m®aﬁhﬁHMMsykbhmédwﬂno@uﬁEnemable feedstocks 10typically has
15 to 18 on onB but .addi ti onal araffl d to provide a
o oader AL of The it wiBhE bt 88 Soalaraons et piiathmia MY Hosrana e

paraf fi n%oﬁélﬁoﬁssd?rfﬁé fséﬁguﬁéﬁoﬁrz@:ﬂ&g!%j njge?ﬁt@ft(f) tAlRe S(IS}HE h%}@cﬁa& ng fiynber range
of paraffins does not alter with 1so I zation al one. However, sone

hydr gcr atldnoegarirens. a‘hemfom;cmtthumg‘remmbm paodifet bhicihydrogenaziatj deoxy ganesgandg
par af fi ns haV|Q%%b0|I|n ts f om 150C to 300§%mh|ch i's 15I§§§r t han
that of LYPESHERE H§PSJ 21 f frHc BidorAbYY fragtion spisehle By Ustas deseh 8k ghdrat i on

reactionpgd Hﬁl c-g onel gognggs%gﬁjgl g%%&dnﬁg)gpe?rlgltﬁqh?ﬂfggoi EE?&E} !?fa}[u?evé-saa{ni on

fuel speC| i ons an e separ at i hg poi nt
ranges afatnanom ﬁel ios @se bompdbﬂemnfczamauom fiel dewy omox}mllydmcgenaltea\as ateiloas f uel .
This will _lower the overall yield of djiesel fuel but allows faor the

opt | onal ifsgata ¢idhis spneerb af%é?@ﬂ&@ﬁ%@ﬁ Raratfing forgeq frogprengwebla feegoiacksat i on

fuel, ﬁgﬁ%ﬁ%ﬁé 1o/ AY &ﬁw . ef)lgl@q%ult ﬁ&’cﬂg aﬁ?)%fa?frhszrﬂ d i%rrﬁé‘c? JAGLAE ol N

controII otenti or avi the anopunt of

| i ght pr bfhadéﬁrahgfedf fedre 8noL4 uaidbul htofmtsr Adicesel of thie ho@ﬂial @Hﬂa&’iﬂs@lﬂe fsoglerizand
the isonerjzed/ normal ratio of both aviation and_diesel range fuel. The
hydrocraEkWﬁ@dﬁﬁlﬁﬁﬁ@?%PP@%e€ﬁPB®thbﬁﬂﬁﬁg%ﬁﬁ@ﬁﬁﬁ%%déﬁéo?%ﬁéﬂmén condi ti ons

in an at e i | deal |y,
each parg§g3%2&9 ecu ekg%ﬁkgfdﬂgx éﬁ?@%@%mgﬁﬁg°§3§F§§?§&ﬁ§%§@@?%%kung event
and i dealsoynetibatons ger@hain@ydr A aledinptb@NeNpoinayldin 183d th 300°@kwhidast one
paraffin in the C9 to Cl5 carbon nunber range. Careful choice of catal yst

and 'Sont foverghanthe o thcmaiorisndidi 13 orfs!§ H’ﬁf@fﬁ‘és PEGHEG] iR dhg droxysratipnt h

o ocuct | SACap ton TR R ES ablc BSYREpLLF funk gk 3RRS SR, o coet

fuel or @pﬁc&tdaﬁansfa:ﬁlm@mﬂ depaaiedifom S[R3 bbHURl poshesides afdrithds are
typically not based upon carbon nunber ran | nst ead, the specifications

for diffBPEKEZAAIONIN Pidal © prpdIcefp @wa@sz@?@é Skhds WHF lovigh thecwesilapeld of anges
of V\D zngegélngl%ms ﬁﬁ%‘%%?ﬁqogdp%?%ﬁ)z%cﬁﬁﬁgﬁ% G % S llgr%}ﬁctg %l dl%s%ﬂHll ; rEF’nt s of

t he er osene

i nclzadl ngvdxl?orBfuearIele@ﬁ%s@‘see@htls)yn Mehsdﬁﬂ;rz&ﬁ&@@oneﬁg’oﬂ@ fa@td@hreaﬂn@ﬂh@acﬁel i ne,
kerosene and |ight distillates, is specified @% M L- DTL- 5624 and JP-5 a

ker osenep@typféalfméql ofiproRuGt dO¥ aﬂ@atmfmlt theappuni oflight asdueis it ajesiogpsadul for
specif1 eglegéi fuel or 9\11%’[156%161 and tthe 1S(E]r?1er1zed/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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Switten specification of each being periodically revised. Oten a
distillation range from 10 percent recovered to a final boiling point is
used as awReyipar4met er defining different types of fuelP€T/UBR@9/065232
distillations ranges are typically neasured by ASTM Test Method D 86 or
D2887. Therefore, blending of different conponents in order to neet the
specification is quite common. Wiile the optional aviation fuel product of

the preseRtmidayait pHeSici¥ bduifRRintd@thd ARY IRt koMl eNisRe ¢hrbineatdions, it is
expected that sonme bl ending of the product with other bl ending conponents

may be r é(qmspwypt)ﬂwé@plu[dhg JPeSiarespesidicd by MUeDTEp8dB3.i lat.iadriend afn ot her

W th ot nérbRpbReDs bl Y 9%'53?sﬁ%ﬁd&g@fﬁb?&?ﬁzg”@%ﬁr?%gg&e‘ﬂﬁed
speci fi cafions \Lf?ﬂi lcﬁy{fﬁhﬂﬂ@c? ah@8lchSUERH pasit RIS s I&lﬁec@@?!\/ﬁﬁ%ﬂ%@?& Qe el
product is a highly paraffinic c% stil Pate fuel corrponent having 15a

par aff i n vodtenespecibatmin otf eacétbe?r@/pdngodmllu rmuse{lﬂoﬁai a hmtlﬁatcml psgesirah IDhe

subj ect process can ted usjn ndustry stand ni ques. is
ray be. mRRTPACRHGEF | ATl PORRE BPRLCPrd it Ko P iU pisg: Gpes of

di anet er Qs fﬁ@@l&ﬂﬁﬁ&& 1"§n%s% Lé/é{c%% hx@astu‘i’edllée)ﬁAST‘M TE-:%IP éf@é@b%@tor ¢pRghe

made i n any other desired Torm such as a sphere or t The extrudate
may be i Mheofors, Wemdng bhdiffe@ncydmpentssuotleas méxe tl’lia)sp&cuﬁlfcataonﬁ(@\qeité known
tril obe or other shage whi ch has advantages_in terns or reduced dj f f usi onal

di st ance ‘6Pt eI PRipna] HoA e RodEAR] BEPEsARIdn e Wil meebset i ons
have,peen,Labh kgl s ;gé&fma&&% u@@;!pege‘eﬁ'tw%m?breﬁaﬂg omqe[}%gl 9 @%3&9 through

one or nore separation steps to obtain at [east Gne p rocar bon
product $ldndam @ngoaces rrmyjzse kejustd eameetfthe dgpived ketexd finl dpmfadalaons it odthec t

stream 25i s useful as a diesel fuel or diesel fuel blendi ng conponent and
an opt i of&Ids 8BDRIPEA! it Y b Ar8IPOsitier ARishsms bt wicdadthuiPer i on f uel

or an avi Q&Hftyt%'fo{% &g g ARERABR b, éfthg }m%&.l;q fol alia G5 fife1 §ichg@m of

conponents ot usefu |ese or aviation SO separate

[ 0034] W Uh-& Tae dés‘lﬂedamauslﬁ fied proaiictibe highdyrpar aﬁmﬁa @mlmﬂf@ebcﬁﬁp@neﬁt having

hydr ocracki ng_zone conprising both a |liquid conponent and a gaseous
conpﬁhenﬁpavgﬁﬁéﬂ§mﬁdfﬁiBﬁ§7gg‘WhY@Hﬁ@Onay be recycled, multiple separation

oLebe. Tl TP SRR e AP PRE EPpBP IR T °
techmques. It is may be manufactured in the form of a cylindrical extrudate having a diameter of
from 0.8 to 3.2 mm (1/32 in to 1/8 in). The catalyst can be made in any other desired form such
as a sphere or pellet. The extrudate may be in forms other than a cylinder such as the form of a

20 well-known trilobe or other shape which has advantages in terms or reduced diffusional distance
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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WD 2010/ 077476PCT/ US2009/ 065232 renoved in an overhead stream Suitable
operating conditions of the isonerization effluent separator include, for
exanpl e, wonremwger&amwur e of 230C and a pressure of 4100 kPeTAlSI@O6%3% 600
psia). If there is a |ow concentration of carbon oxides, or the carbon

oxi des are renoved, the hydrogen nmay be recycled back to the hot high
pressure hydrogen stripper for use both as 5 a rectification gas and to
conbi ne WeiBvddig JheBihBEESreaat. Suliit Qla@atﬁ%]&ﬁmtio?ib@f 8RR hidSefRagged to
the isonerization reaction zone and thus the hydrogen beconmes a conponent
of the i sopaaioraicludn, foeexanmple aziompefteeloii08arsd aprassdeof #80(pkRatdbdelutehe
necessary dr.og artial pressures for the reactqr. The hydrogen is al so
e F eact ab0d FiERE Sk B Er 6 FUEE b oo pr Bie SO QAHET BERE T 14
consune dhd hRIEMN AP Sy @ld Bl hOBR Mot HidE phSMBhydRbtPRriEhdr fHENE both as
10separator allows flexibility for the process to opéerate even when | arger
amouni s ofre¢rfthaoge pasame te ooisbime dviihrthe hendindes tas p datodme sireaondhe Femgihéarnor e,
at |east a grtion of the renmminder or ﬁ@tto stre%g1of the isonerization
ef f 1 uent Pé‘é% G ASHRAFIZBEOR EAGRINAPNE g¢ HEs | FOF RO AMRIRER S NG o

i ncrease Qe 806 LR Ao SATREddZAEARADIN :AA3BIINGAd BERE Rfdrb tial
isonerizétioﬁ ef@?ugnﬁ)aﬁ%er t he rengbél o?hﬁggrogen g%%?y ééQ%%W¥é%id and

gaseous qoespmee fiirshardctds Tho alyédgerbig alsechnaqare sn gigaleoagzeaitionceadtdm ganalr

wat er cool ing and passed to a col d separator where the |iquid conpgnent is
separ at ed'if$15m fFWéPCtjg% @&h%or%%éiﬁgﬁ?m agUp 8YBi98F NG ds ERHEREILIE IS t he

col d,sep . o
R S e e N T S S S
separ at eduwe Ainshieedin the fiost téatiomfortehBulthegniiock, aolemd agottionadfttes reaadddengr 20and

separating fromthe gaseous conponent, may be recycled back to the |

i soner i zAOHOWS sEeren Phihe AromesizatigndTiyeny serarygper maphe Fscyaed inthe pomstizatpn
entering i - of the isonerization and

sel ect | vé£%§8§g%‘%a@ﬁﬁﬁé£§%’ede§ |J52§r§?‘5‘°‘?€g§£%ﬁé conmbined with the hot high
pr essur e [0§38] ogeThsiehiapRRr oDte idvaadizsddredMenndet the réreswill bf Rgiregmiinads
stream may be introduced into the cold separator. 25[0036] The Iiquid
conpb&hentiq8Ehangi S3scoup e0mpeiedEaAg dhsokxk by ffechBiqypesieh af ais CORHE Bptd@nal | y

avi ati on t [ I el : nd._avi gt f uel
range hyééggﬁ%%%ﬁ%@ﬁgégégéﬁVﬁé#§¥l3@9@§P$M§@8§§%@?§§“gﬁ%ﬁ%¥§a§%ﬁﬁgﬁhtha and
LPG  The gagpas adrgporeh Sutlatslo opaagiiy cdnditfonk bhee cpliy deb@tbr iimtl@lepfo@dughple,
separation zone ich separates at |least a | ower boiling conponents and

di ssol ved [ABEELTNe2(ip d0&agrd aprespce ahiPWaptiabsolyter(@ahPHnd Aav@edi esel
range st %S/@x%‘tdﬁé A alg(g)%etplaﬁ?eélggt Ese*eélﬁeagéoﬁﬁ&l of @€ %ﬁﬁiéltcg)%lag}lérﬁt £f‘|1%2%§{?‘§1g1g§[‘3 her

recycl ed e ’Isoneri zatiron Vé CracC

boi | 2ng dheslarGREPANE HeSabddat cthfone VWO n2 1Y OdyeAtOREH {3 k52 (M LB b2 z0ne
sel ectively recycled back to the 1sonerization and sel ective cracking zone.

For examy? Bicraapeths degrae oOBgmarisntionghieer thehiering theyapldecpatiénisthe semeinge of
separated _and recvcl ed, the. nornpal .7/ and hi-gher_ bhai ling.hydrocarhons
courd-bo WaRaPRTANOL AR FRTP B IRyt he 2Rt PO R e b B Rl

hydr ocar beispre@ulethydgs g @@fg?éle@lvemdd kees | 0d thedrebilEng SQNBINEE atda@Nmande
5sel ective cracking zone. fectively, the end point of the diesel product

i s reducéyrodBesdintq thelcgldsepairiati ng and recycling a higher boiling fraction
R i L M e O
ﬁ QSUSL?%bti&mgitaeiaﬂolmel,%@ml Eesel hR1 fh8&Hy 8t MboRfant RGiaHbeRRY rdgeduct is
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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[ 0037] Those hydrocarbons recycled to the isonerization and sel ective
cracking zone are 10further reacted to formsmaller carbon nunber

hydr ocar Wwo08Md7476acr eased branched hydr ocarbons. Bot h @CTiuse@e/ose3ults aid
in inproving cold flow properties of the diesel product. Al so, these
reactions may result in an increase in the anount of hydrocarbons in the
avi ation range. The current process provides flexibility the portion of the

di esel rapge;RYPeFALPORE b BRlis@h&iZ86Y ShEd1&a0e _Qx%cl%ﬁ!; %Gﬁee.@oﬁ&ahﬂﬁ‘é, the
specific result’s are obtained in the 15product diesel stream Simlarly,

t he quantmbtigald?13 4nd highes bbiling hgdrobyrtomomubbissepatedand recgcled) the nomml be

sel ect ed t hat .specifi esujts are obtainedq in th roduct di

Stream  EaTieERESor frdRcs onsyguidh k@;ﬁ@?ﬁfﬁf&ﬁ 589 Frrlr B B rmﬁﬁéﬁ%ﬂ
recycl ed pean; B&1iEShEGHEFLSR cbnﬁtbe%ggiﬁ'htfeﬂ Gnd Fe%!&%& (e i QRS ddy both the

product di‘esel stfeam and an option avi at1 on range product stream
20[ 0:38] Ftlectse ceatkiingezone pfifatively, thé ehdpoint ghbe dizstllprodpcdisesdlced Sefpetively
conponents for recycle may be acconplished in a varietg of ways. The

y

separ at | 6FPHBHE REYCIEHERT AiBFPBHNGBIEI0B1f A HPTCLiAPEDPYHP I BISIPCRINA of
separat| gxglpfb% fu% col@flof L es Jrlie %ﬁ%g{i}ﬁ%h’g&ioﬁ%@%ﬁﬁ%ﬁ ﬁh%gw%gﬁfgb&(s ifor €

fractionatton col ums, separators, runs, an I nations
of diff etlendiestpadatt. Bor gk@wipte sherayndomigtngdltioydidsel paydueiamalueed.a hot fl ash
drum may be used to 25renove the bulk of the jet fuel and |ighter
conponent@Xd om Thrse hydigrarparscieyclassto thieigemerzsion apd pele@ive GREKINEIZORs e
flash, dr \ I ol i i i s hot

{1 2ok dr tneor e SRR e bplt By PRI L S B lrea e Y

fracti onaydoBarbohiBoth oSBeketresuloBidrialimpheidd dodd flow @asietitispgehd die@l | ons nmay
be smaller and | ess costly. [0039]1n one enbodi nent, the product separation
zone sep&faulties Adsp LIPS eaelions phayHasBOB\Aa k@ ase 48 eamoanbogreatdions dhige

oL cam U3 0 S SRS ! DSRS0 SN SRR e

2010/ 077 4y&BEabbISA0UO G gded eansbielettdlso tdat sp&yfed Rsilfsaté bkt antheone
whi ch separates a selected portion of diesel range hydrocarbons for recycle

to the i PEIREE] diasel sicaan dimBibs thequaghycithgydigteh eanRe bilracaborpibet a¢ esel
stream |n_another e dj t, th roduct acti.onati. ne i s _operated
ot comti (R BRSEhe TR Bl sptdfie RisQiEE ohlAfk T AR Aol ARSsl shietRer

recycl e Wiallg, de pbaRa W 1) dieRMDSORBbERR (RAIQeIEE kP&l beskle@Bs0 fhasecond
optional side cut streammay contain the aviation fuel product stream The

over head sgici s eisrrappisinehen beSmrodegsHicvel stream and an optional aviation range

product stream.

20 [0038] The selective 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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[0040] I n general, suitable operating conditions of the product
fractionation zone include a tenperature of from20 to 200C at the overhead
and a preseounw/d7rom 0 to 1379 kPa absolute (0 to 200 psiPEY/USTING/06:282Ii t 1 oNns
of the distillation zone nay be adjusted to control the relative anmounts of
hydr ocarbon contained in the aviation range product stream and the diesel
range product stream For exanple, the diesel product nay be cut to

anywher e oh@ibtei’ G reoyckIBLetRnSRA Fne dhicH RKSAAS sdleSedBofidh oRAkksdlignge
remai ni n%wZ?OC to 290+C hydrocarbons taken as the bottons stream an

r ecycl ed hydrachdops toreedyelattd 8¢ isarderizatien and/selastisie kianking aore frahe mrodugpoi nt

can be adj.usted as,needed t ffect, the . claud.poi.nt of the djesel .oduct .
For 15exdlPELR; Rompie afEl dee maes PR oot lar B
hydr ocar Rgngit tebbtResSeRAh bR d Mk BydiBearbOsIBMRcHlIE GAM: aRMcbRGYEARd, 1f the
cut is adjusted to approximtely 29%C, the Cl17 and C18 can be separated

i nt o % he cootairotie pstduetdreseheirgagt e beednd Pidhd) Sitkecit RGeam chayaphtatinaths avietion may
be furthe%r 1se(gl(ﬁ‘rat ed iga degut ni zer or.degrﬁg ni zer iﬂ order to separate
the LPG T & adebuErb S et as ~teammoninbe FBGvAdaphRa 2000t t oms St ream
Sui t abl e (gpgyjat i pg e‘fq@ﬁﬁ'smtméogéraﬁr@ SnHitohs bf‘@lkgﬁ%%u@t fr%ﬁﬁ@&ﬁoﬁe%d%& om 20

to 200C at the overhead and a pressure fromO t 58 kPa absol ute ( eto
400 psi a)a tefperallRSoaym 20 ts BDOPCas thrad wealizlae apd o grssture fromal) tdE3 71946 absoloteher
processes_su eed to a h n production facility. Simlarly, the

as a dr Qe 1 y
napht ha rf8y° %@0 H%@dTL%CCB’LdH&“S of é@é&%ﬁ%ﬂ,ﬂog BRI By P%@F%@WC&H&OW@ Fger
product i i deint, Y, : : i i fr i
o u nahehelarHfroc b LAl AVAE B6ky GIIACS BRhet ol Al rediae] Hilke
sui t abl e prefucusteeann Far eiaagdd, thicidiksel prooverdniy onet e aiyeteonirom 2708C el um,
hydr ocar bons suitable for use in an avjation fuel renmoved froma first

si de- cut 2Ry dFBRHERY t3kan aha side SHt 3 thersgrnag A{0 TCeitcd?8d ¢ AYHosB B

site-cut i i Ng: i, from
The- col uiied i B RIQRRAGeARnd HERLICERE e Al AGTPHR el A GO RIR,
di esel f Uk caopdidt dae beadpiyet @d ntalet e affet yiel @odd pudhi dniad diese] padact. A6

2010/ 077476PCT/ US2009/ 065232 where a sel ected portion of the diesel range
hydr bcar 56#8PIRd{Ihg cEls adiyaied tR aprammaidy 36 ths & et nrdrerbonst F8hbeand

dr 8: _ ¢ _ ; o
Fracti onafen ko ok REome G o el B0 3T S CERIREER, ol Bhe o5

avi at i on tfia)€l s andC 08 eardid depamtedtifi®ans barthgyuepandd rédygkt. Sends, and napht ha
into an overhead stream A second fractionation colum nay be used to

separ at e [#M] hy dFerbPGand naphthasicant vy beBuihar separatesden ardgbytanigeicora bot t ons
A T T R B E ey L L
may fie emplioyedudon Sepablabpetatife Byt o ensusitidcatlea té@perature 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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use in a diesel fuel into a product diesel streamand a recycle diesel
stream and a fourth 10fractionati on colum may be enpl oyed to separate the
napht ha reiogeivyad’ocar bons from the propane and |ight em®d3/USA080¢52d2 vi di ng
wal I colums nmay be enpl oyed. [0044] The operating conditions of the one or
nore fractionation colums may be used to control the anopunt of the

hydr ocarbons that are withdrawn in each of the streans as well as the
conmposi t ivdierdd sdidt@ed i SF 8f e Qickd ihnbetyitdchtboaiMy ol 1d RaePargtell @adYeciypd &R
operating 15variables well known in the distillation art include col um

t enper at mheelsomallmmnpn@s@@mﬁe@mbmampm above at rmspherl c), reflux ratio,
and the | T resul t of c ol umm vari abl es, however, is only to
2 ust ¢ IO por okhat e G heth S B RBiRS el R i,

Ther ef or @yflieadbsd dskhatd @Rsel ahd MhEsh RER iR atb%ttt%%s"éhéi}nrﬁﬁ&ﬁ%an@h@a
partlcular feedstock in order to achieve a tenperature cut point to give a
product fehd, anxbea}mtldaelstorzerbvprmpé stréaes A 2OPOO 4B OuRiiomed iyntrhey iprioeéss nmay

enpl oy a steamr zone order to de hydro jen to the
hydr ogendfR3H? 8@3&?@ %?P‘%"Blﬁgo%s& P §c9llﬁ§f~‘{ fg‘ﬁft e 9 Sﬁﬁéms‘%fé%f‘rﬁommn
reform ”Qmﬁ’%&@éﬁb&% sﬂxtéﬂﬁé km Kl@QMIFMJHo%%el%%Ca%%%Ih%d Edi%%&f {8 By HHogen,

and is the t common net hod of produci ng hydrogen or rogen and carbon
oxi de m xthile@aghird\flagtitmaten banmamihySieeammployexit tuseparse d&t}gzldydcaﬂmht yuitabbecfoed at
hi gh tenperature 5381 f orm hydr og 25and the carbon oxi des: car bon nonoxi de

and car b Wik eéi%%épt%iéctrﬁ%% PG %réia%lt%%e figsed sireptey pd@d@pbiher i c,
heat ormstfra@&orﬁﬁepk lﬁgmtlﬁa}I lylﬁ?er%@@%%datgtse eenatpggh%h?@()@ﬁr&%wﬂomﬁ tubes

in afurnace or orne ict I's’ aut ot her mal
ref orm ng;opahsmcblagﬂtedmaﬂgd y&iwdmg)a/ratllcalunmsnﬂ@tbmnplajmds process differs
fromcatalytic steamreformng in that the heat is supplied by the partlal
internal [ ustTlefrpR?fatmﬁéOfl@ga%%Qfdke NG or BREPJEATtiRation colum vt bRwsd bl i ed

from an %éﬁtﬁ]% arRQUH; 5P the!Hy yg%%@%ﬁ‘é that epmma %ﬂfeaél‘féfﬁqg‘fs{?&n?(sf{l W PLL

depends o e tenperature eavi n e ca

t enper at We&%mp@sﬂtﬂf}ﬁ of &ﬁg@dﬁcaﬁﬁﬁﬁlkmréﬁﬂﬁdﬁm in Wh stream. Typical operating
2010/077476PCT/U82009/065232,tH pi cal for conventional hydrocarbon

r ef ofSmi nyariabiesskelt browrip thedigallaiipniast inglude kpymagemperaere. SPEM Presssiem ng

catal yst g%at%[l&‘m"%@' t%ox)é'lx?éﬁ’?g%ﬁ@i)TPe?l‘ﬁ?} qxoﬁﬁli ttfeurlge'r ¥id : Resil 8{%&5‘ %@2 Sid@ use in

the pres I'nvention y t predom nate
f eedst ockatidbl®, Bbwever iebalynd aguliphocgs tedﬂmuﬁ:rat tHeltop betherd@sBnAtioh nvent i on,

hydr ocar bons t hat are too |i ght for the desired
column. Therefore the distillation variables are adjusted with respect to a particular feedstock
in order to achieve a temperature cut point to give a product that meets desired properties.

20 [0045] Optionally the process may employ a steam reforming zone in order to provide
hydrogen to the hydrogenation/deoxygenation 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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products may be generated at any of the reaction zones. For exanple, in the
deoxygenati on zone, propane is a comon by product. Oher C to C3

par af f i nswoagidg74g96esent as well. These |ighter conponeRC3/Usa80v6s282par at ed
fromthe desired portion of the deoxygenation effluent and routed to the
steamreform ng zone for the generation of hydrogen. Simlarly, paraffins
havi ng 10ei ght or |ess carbon atons fromthe effluent of the isonerization
zone nmay tsical dorcisat@diohd hiy@cirbb®fafdrigng Pr8surdd@iefapgeup to®oD ikghtesolute.
materials fromthe deoxygenation, isonerization and hydrocracki ng zones are
di r ect ed,SteAnpFrgorminhcasalyséaare Wed kaowe fied sanygntapakcatalypts ye syitaplsriag wg i Bige,

the Iight el Q%g(/%%%rrlbons and steamare catalytically reacted to form

hydr ogen PRG carbon ‘oxi des. The st eam ref ormi ng product nmay be recycled to
any of tHheo4@act ToRcARNLEuPgRIOME GesBhredihiRas tfedADER@LNstéLn tdhGntigact i on
zone. Optionally, the hydrogen may be separated fromthe carbon oxides
generat edroqess. Elé“@t’@ramt epigrani yentie hydspcarkond thaheredephghitedhtdesitoden may
be recycled,to any of the reacti.on zones. Since hydrogen, i s an expensive
r esour eo, P OSEIR brcRensrad AEIPt i ERORR 5 HEOT AP e thy B om ¢ he
undesi r egoRé, Qkifahs isH cohfiford BASHARR GRAAS] LA™ HREFBRARY bRkt hs REILITIR e
process. This feature becones nore val uabl e en an external source of
20hydr ogédighies coroponeaaandyybeavpdritadrem the@sittd poréinn af the dnatyigemationbiticntem,

catal ytic reform ng may. be enpl oyed i nstead teamreformng.. Iln a

Cypi cal | CatiEd e Fun e ottt (rersaeri S huToRal suBlapnyursgeRatnen,
| somgy | ZR4dHeBr RA I RGh ek e offilé: S NARSRAInORnE GRAGHE RIuEXRIERE! ¥
wi |l be the dehydroisonerization of al kylcycl opentanes tdo aronatics, the

dehydr ogeefatiming zofie. phreafipientbe figh25mhiefialn front the detedygelratge nsinmaizagdn and

cycl ohexanes to aronatics .and the dehydrocyclization of yclic paraffins
and acycﬁiygr"STaé]Fli“%%‘”ieé a&r%ﬁwe&n&*ﬁ@y ES e %@?@mﬁng@g&fﬁd ref RS

| somer | 23kd Qehihy B3 dndSichh drs CRALRLA Rctch Reroidh AL SONEL] &ldnon. Of
olefins to isoparaffins, and the i1sonerization of substituted aromatics.
The hydr ecides.i iengamgatotmogprodiet nde bt teeydigditoaay at thienepcobn parafd pmside The

aronati zation of the n-paraffins to aronptjcs is generall nsi dered to be
30hi ghl y erskiordseses e 4 E"‘bi‘OYFh@P%‘P‘&hYgE‘% %wiogeat H ec?FP%f%tég ?@%’l} ¢ FHgen

aronatic - t.hi . . ih
reacti ons?R Fds%g g‘lgéseg)at%ﬁd11 idgghist?/ﬁggsﬁluﬁg %rg %tg)tt‘} (,:?n,cﬂ%% Eéﬁgt%%dg@a\ﬁl%% %y W réc%ied
2010/ 07743 6BGH thiSRAAIM6EE3 Since bydrbgmh it an atpehsestestites, gewxstpgnateasn zone.

The hydrogen generated is recycled to any of the reaction zones, the
hydr ogen@gﬂm@&m@%@w&wg&% am tperendesibieaodbits ArheSARIonZApes AN defgease

sel ecti ve,ydy ‘%5‘2@.8%&9' ﬁﬁ@ﬁatu[‘@@e%ﬁﬂngyﬁﬁ%ﬁ}%%&a leRben aglbex{eli]r?al QRfEASOT

determ nes the sp Icatirons of the pro I esel
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
1somerization 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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5be produced. A renewable feedstock stream 2, which may pass through an
optional feed surge drum is conbined with recycle gas stream 68 and

recycl e swoeamwvae4mwo form conbi ned feed stream 20, whi clirCrash@aneeizhanged
with reactor effluent and then introduced into deoxygenation reactor 4. The
heat exchange may occur before or after the recycle is conbined with the
feed. Deoxygenation reactor 4 may contain nmultiple beds shown as 4a, 4b and

4c. 10Deq¥ygrOad hidbast @8 CENygfnRALahd) Thehydre@mtgcfltes & Rtysdd 6@ tBe Of
catal yzi ng decarboxyl ati on and/ or hydrodeoxygenati on of the feedstock to

renove oXgagEAn zeesxe byhiogcoatiorédaorpgenatidn aantthe ispearizasion apnca pnf eighe he
products Solf Evhgggecargil%x%l Izlieti on and/ or hydr odeoxygenation reactions is
removed from ﬂpﬁgﬁ P6R"t eact or 4 and heat exchanged with stream 20

cont ai ni ngo4s3ed TEmiao FEOXY YR Hel4d deRARIRE the%hé&@éﬁti@nscﬁw hro@set Bickd1gsli d
conponent containing largely normal 15paraffin hydrocarbons in the diesel

boi | i hg rempgedvaed Aarcgasadeifceduonbotrean 2cwhichinmiyrpgsd throgeh yn bgtibmelfeed swggpor ous
wat er, caybon nonpxi de, . carbon dioxi de and propane. .[ 0049] Deoxy at.i on
Fenct or aRYTysIMBRFe S 6o E eI Gt e B RRBFThiLBEP proCar BoR Y ogen
stripper (geadyBlsSyihibn Bﬁféé@&@l’i‘arﬂg@d thith Seatr b1 Vdnd §icknl iﬂtrr&}utct‘!Wi_anr tions,

stream 10a and 10b. Make up hydrogen in stream 10a is al so introduced to
hot hi gh depegsuatenhsattorgebhashaat ppbang20dy denutieforhioghftap tlesseyck ihyanbigen
stripper 8 h eous caqonponent of deoxygenation reactor effluent 6 is
el eot vatip bF Feel eyt ORGPty COMOBALDE PodBRyan 4t Bt Aot or
ef 1 yent 1§ougiangd Rkt i R9% ﬁbag-t%e%ﬁ@g@&%gmlsoﬁ&%%&?gﬁde%ﬁmifﬁ&m

di ssol ved gaseous conponent conprising hydrogen, vaporous water,” carbon

nonoxi de,and/ar bghodbopydedeticand tixt febdsagk targparveioapgenf Dedveygpiranipanector sffluent

selectively separated jnto hot high pressure hydraogen stripper overhead
st r eam 25§84M PirANABHE th‘? Rgdpsty Bﬂég EERROT OB R iR RAtYBEHALPR Sapidpns 1s

ef f| uent S | | JSviftav °
O GRS H&Q;é/gédgg&ﬁ] %%ab,‘tﬁf‘g Ex’iﬁaﬁeapé’{c%ﬁ%%ag 319135‘(1'6:&9 2@.c8§tﬁﬁﬂ%oft@% 1o

from8 to 24 is renov pressure ogen stri pper

[ 0050] A plor ddoeyegenhtidnatadiorg Btrgeme 6 someridey dliggercoatpon@p eonthiatnizdagelly anmsal
recycle stream 16 cand | s conmbined with renewabl e feedstock stream 2
to cheat @2EAbRYERFFRo8Y ImBe diksd PREINE SR8 2R B BAGPUT EHsRonentsoptainglatgely

opti onal hzalg)g@rmv%ﬁﬁous exbéarﬁ&%‘éﬂoﬂéé @%!)13/ gitDQicgglg&%g)?% ion reactor 4 and

i ntroduce I'nt'er stage locations suéh as between s 4a and 4b and or
bet ween [0049] Deoxygenation reactor effluent stream 6 is then directed to hot high pressure

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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WO 2010/ 077476PCT/ US2009/ 065232 beds 4b and 4c in order, or exanple, to aid
in tenperature control. The remai nder of hot high pressure hydrogen

stri pper Wot20wms7470 stream 12 i s conbi ned wi th hydrogenP€TAS20m9/063232 0 f orm
conmbi ned stream 18 which is routed to isonerization and sel ective

hydr ocracki ng reactor 22. Stream 18 may be heat exchanged with

i sonerization reactor effluent 24. 5[0051] The product of the isonerization
and sel edeily$b 406 0K T ckAASIEQb aRidAt@hpYrfGred o SRS EOMSeARAIHEOST Hof higidr ogen
and propane and a branched-paraffin-enriched |liquid portion is renmoved in

| i ne 24, pagsduigthydiogepitiippealbotiasas insiesangeés eimthnesh widnidiggenisgednn i Qo fewn

i hyd 26.. Th head 08 f hydr.
26 cont ai OO SRR R hplima STy R MeRg B RIS it R SRR A
pressur e dixdihoganayshd ieaPSichihee Balith QB &N Q36 Ji@m by dr ogen separator 26

is air cooled using air cooler 32 and introduced into product separator 34.
| n produdf05ldpar dhoprodyctioh thegesmoiastiqroandiselectofe hylwcestckea aeactw epithigingg:

hyd , bon . ide, h | fid bon di oxi d
Cmoved (EHVRDT BB LA Yien KA PIPAh ok bt BURT BTt RbH 161 RICRt Poam | &
renoved iBng{ddGalng84, MdWabp BYATeMAGErAbE GAMALNRY i&l8Bahedhgpoved from

product separator 34.  Stream 38 i s introdticed to product 15stripper 42

wher e corydmget ssphmtari2g. Hiegherhen@btetaim/28 fromhaitydiogen eparatoe 26 epaniat pampmiyo
stream 44, optionpall onponents within the boi]i oint r e of aviation
Fuel 15 TaRERE i RS el baonehEeh BRI MDA fOTAE ¥EHTe. of
the desi rptdth ffbediiEharibPas STRYEH A LMY Bir QBYEL 35kl iRRucAPintd bl e!
product stream45,“with the remainder, the diesel range conponents having a
hi gher baoepdraigr pbilmprodecigepatdiarB4t thaasdes poetorf drthd dueanhi cesprisipg dgdrogerst r eam

bei ng wi t hdrawn 20from product stripper 42 in diesel recycle stream 46.
Di esel r SAPOREWOKIISHYAREFR Sléé%&@tbeg d’coél%‘c?ﬁgipﬁé’avﬁ LR IRGVE AR Prea

i ntroducedhifeQnd fGiid BOIBEHBRA ] %’b@ﬂhéﬁ Lefrtil Yo XA 5 PSRRI A RS, yhfodudl
cour se, iﬁjelse? @éyc e streaﬂno14 may ﬁee 1|Q1nltrod({}’cecfpt oealﬁlsofreri zat iygn gnd
sel ect i vetrearadRinny aksorbe revhdteddtone probudtisegpravot 3. Streaea 68 22intr&luced  ptdducs

i ntroduced, intg fractionator 48 which ogltta,r ates to separate LPGinto

over head SBIPPFty YV AYC SORBYIFNIA KBS Dvg! 5t vo Kplapitfies rreschABGH 1P P& %6 from
pr oduct i tihe: L t: i i ey

B 1 tiont SRR e SR A e T A s O Bl Rk SRR Wb

sul fide, compbemtdiwiixihde: taldhgpodpanteaif thel desithd desefiiel @ sensyrst! Eonofrodudt ne
absorbers to separate carbon di oxi de and hydrogen sulfide fromthe vapor
stream BEPRESY Brdigsakrredict styRmA bigeihe rerpainder 8 fieggl range sompedrafsdiay g
hydr ogen ,t 4% it o It i LLeul ate
30t he carat%lg%&gpegé?%g&%# 1%2%5 @%gglg{sdeg%le(gg)ﬁ{I}Jerdl%:%lné}g?%?g%éa%rg%@ﬁéﬁ%hg%a%n or der
t 0 sapar dioen plolfictrstrippait 40 inidiggelaedypenin 48nDiesd rdgtle direath dé isf doadadidieo

hydr ogen, vapor stream 36 is passed WD 2010/Q77476PCT/ US2009/ 065232

t hrough &oBpEeatiipiream J2ad intiogycedrip the igpagizgtpsandsgelestiveydrsrackingispes s,
starting -y | ] v & ] .. 1o be
enpl oyed 2?@??@2% Eailﬁlg e?ltéec ‘éﬂ?u ??g?a;@@g?ée élg%gg%e [%%Sgglgﬁéegé{aﬁ\?gﬁlg&?%ﬁ%vi ng at

| east botchucking zemwahan csmbiingntier @shm 22ashedn dit xhdedrad intd&asiohfitur 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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conponents such as hydrogen sulfide. Suitable am nes are avail able from DOW
and from 5BASF, and in one enbodi nent the am nes are a pronoted or

act i vat edwoedtwd7ai7et hanol am ne (MDEA). See US 6, 337, 059 PCaISedyy/065232
incorporated by reference inits entirety. Suitable am nes for the first

am ne absorber zone from DOWi ncl ude the UCARSCLTM AP series sol vents such
as AP802, AP804, AP806, AP810 and AP814. The carbon di oxi de and hydrogen

sul fi de ah®uabseyseadoby 1dabewaninige aibiberst 1o bWdd egabhbepa sGRmtwIttoMgirdti 1 St

am ne scrubber zone and into 10line 68 to be recycled to the first reaction
zone. Thendpg phsorbsr zangShetln wning Alpseme heapnimdeyedilo firsd amingdeivperr d§encapablei de

are rele nd, renoved in |Lin 2. Wthin the first am ne, absarber. zone,
egener atba sl VB | By bPB 4R eomigbe Sgbitfrdsh el op s s R0 e

di oxi de aRehpbyEHiOgRN asdrd @ siffidk] iabId affifes RAsSANaBINFEMIPOResRITELAN ne
scrubber zone 58 which contains an am ne selective to hydrogen sul fide, but

not skl ediA¥a ang ircenctrarbodinait the. anpigesiare a ploirtosesl @ agivatesismethydiettBnalamiteabl e

f DOW i nbodi t he .ani . t ed
et vt el i) S PO a8 nea SRR e B Brere i A BT TR bow
i ncl ude tBehbEARANEMbESRb&S0hE Bomab@ANTSIuds R BSARSOLDYL A PHSdORivehR sh&3, HS

104, HS 115. Therefore the carbon di oxi de passes through second am ne
scr ubber a2 MBO0BSARIHY., ARBCD, IARSG0 66d APREL. die nabomfiobile nad byrdro ginesdlfideiacch

rel eases the, hydrogen.sulfjde into |ine 60. ener at ed ine is then

201 oused HEE HETRGBIGdUHIcalt ke Buius) SrRaTies CHUCHEGRS GUhAET on
reactq on 1emre to bORMIAIELBI Bst fehGiohiZbRd. THE bMARSS rfRGabMGIHHE SarBon dioxide
tenperature in the range of 30 to 60C. The first absorber is operat eé at
essent i alahg hydreggesmideraesslmasedand ré¢reoved ac linof. Morian tyfirsessentbsaltey Zone i s
meant that the qperatin ressu of the first absorber is within 1034 kPa
absol ut e "¢EFBHA: iaa)‘neo‘?laf'i‘fg"e%i Or g aﬁ?lésillﬁréfeﬁ?edtcﬁ’é’oi;‘Q&%ﬂqe&’i‘df%ﬁr@geq:or
exanpl e, shile Bf BSS4Y elﬁg g%@éd ttht&ﬁxgﬁ's&r%rng %t hers@ﬁﬁ)b&_sonQ SWh?chtcEﬁﬁin%Q?l% &

absol ute (150 psia) s than that o reaction zone. The second am ne

absor ber szlecteveits hpgregant setfidenbut npt esstiveetorcarbge dofxide: dgnih3@itkia aalsslatt e (20
psia) to 24 Pa absaqlute (35 ia). Also, at least the first the absorber
i s oifer ol f_gom Raf groan BRSF i inong wadydimentifigiainct HaA PFHBRICGP! t he
separ at O KEEPUMEA. @gitﬁﬁé RE For WY TBSndtAAARe El{;égrb%?ﬁﬁ%eﬁo% DPRP ru?cglgcﬁz th®
roc the |ight

mai ntain any |i1ght hy arbons I n the vapor phase and prevents
hydr ocar BEPARSOBA EiSrsdeesssohgnisstich d4siHS 1@ sHS B2, I$9108¢HS 104, WS 115. Therefore

2010/ 077476P /Uq§,2089/ 065232 [0053]Turning to FIG _2, the process is as
i?g E!? i

descri bedS oPastes dbrRy EpsesRidyning s BRRE dena 3 Pridefadine 8p+ THssarinan. | n
this enbodj - ' . .85 : AReN Sinbav

hi gher rgl?dgﬁﬁ \%ge\rllgllra%tq i |9tlfltgrseh%?g{esh pé@glﬁé@%llgi{ngglé%@é% géﬁé opt | oﬁngl d}}&g
conpznentaisud, tand thethydrogen hilfide pay bd recprigitoofie dokggenatior leadtionzofi€noved i n
stream 43a, a,ndﬁ?corrponent s wthin the boilin oi nt range_of diesel fuel

( . p¢ 5
are r erm&g’adlrﬂroe %P sdiieiscaiPbsizens inghidesa gpsfure ghige range ah3f wo0°6i Bl
range st 1 - dl Lact ti ne 49 which
oporat os o Tpafeurds SO A B A e e A0 el e
conpri si rigssemilgnéris memnttthatnhd deerintig preguipaif nie fidangsotfer isheittded0844P4i esel
fuel, froma diesel recycle bottons stream 46a, conprising the diesel range
Corrponenlagsqli‘é@ i(}]}j) %g.lq%ioéﬁ@rogggﬂtqng RECSHHF qf the reaction zone. For example, the pressure

25 of the first absorber is no more than 1034 kPa absolute (150 psia) less than that of the reaction
zone. The second amine absorber zone is operated in a pressure range of from 138 kPa absolute
(20 psia) to 241 kPa absolute (35 psia). Also, at least the first the absorber is operated at a
temperature that is at least 1°C higher than that of the separator. Keeping the absorbers warmer
than the separator operates to maintain any light hydrocarbons in the vapor phase and prevents

30 the light hydrocarbons from condensing into the absorber solvent.
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10range than that desired for the diesel product stream Diesel recycle
bottons stream 46a is conducted to conbine with stream 22 and introduced to
t he i somewpDzatvom7and sel ective hydrocracki ng zone 22. @CTAS0098¢52d2 esel
recycl e bottons stream 46a nmay be introduced to isonerization and sel ective
cracking zone without conbining with stream 22. [0054] As di scussed above,
stream 44 is introduced into fractionator 48 which operates to 1l5separate
LPG i nt o [00%3]heaTubihd 0 PG iR pragHdt Ras dedctibebatbie uplcsrewa@dbests eam 36
from product separator 34, is further processed as di scussed above. WO
2010/ 0774rrt6qmtu,w£fszw@fbycosszm 42 Inthysembadimant pradeef SUppEr 4 e tBitesel

boi l'i ng RQi! ons a [ eneva l.e f eds ck..co r|S|ng
hydrogenatl én%n égégéena |H8V LéP?%H%%%%?% & E%(H%%% aktlng t he

f eedst oCkohipBneéhtdwy ki@ JR il okt dartl@ O Y giafic f fu@ns z&mewlﬁ hreanhamr ggenation
and deoxygenation catal yst at hydrogenation and deoxygenation conditions to

provide aowan@@ewahm@hrﬁ megmeﬂf d@ﬁelimiéreetmpmﬁor@@rmmwm@eaﬁ| east
n- paraffi.n |soner e ectlve Ki.n ortion
ot "the. niaiest PG SeFind e ST BoBT B Lo BERT AR BinuB Rtude i, by
cont act i ngnyd Yhaf opS@REkd #phiaRAhadidsel g& eedanyVRrdvefead K5 Nbngtsalgy st at

i sonerization and sel ective cracki ng conai trons I1n an |1 soneri zati on and

sel ect i veompdnanty wrﬂlaanm@e bodliveg podntgargechtie desirddsbienel fuglatiicoma divdelsedyelet i ve
hydrocragriqg zone o ent . co rising at |east ranch?%g ﬁ ;flns
sel ectiv ePEFaL | COIPIFPSéPgs Q‘reéﬁllr © ZBHRONCRES haghg *%6 PHBRPYFL t he
| songy i ZahiRnhANHasRbRE bV Be me@la%@e&tﬁgngi@el%a‘yué%&oﬁ@ sidAyiglgs 15a
di esel product stream conprising a first portion of the paraffins having
boi | i ng ponditctedita combindivetbelredn 2L iand)inpointedtathgesomerization 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.
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a recycle stream conprising a second portion of the paraffins having
boiling points in the diesel boiling point range wherein the conposition of
t he di esavoppdue4’6st ream and t he 20recycl e stream are ROT/USR@996328 and at
| east one overhead stream conprising at |east LPG and napht ha; and
recycling the recycle streamto the isonerization and sel ective

hydr ocracki ng zone. 2. The process of Claim1l wherein the separation zone
conpri selaABISgl e fracti onati on 25col um or two or nore fractionation
colums. 3. The process of Claim1l wherein the selectively separating
further provides an aviation product stream conprising paraffins having

boi | i ng poi n¥sPIPEess Fu PaQdUsHIesHEsbPPHIAg PHIBT F#nge Byflecarbons fronyp gensigbless of
Caiml r el l.enewabl e feedstock is in a mxture or co-feed with a
petroleu£?%§ Fggéﬁﬁ%%g'eedstock, and the petrol eum hydrocarbon feedstock is
co- pr ocessedhg@vbdatihd end RyedHating BRdsicd@ble feMiock by contacting the feedstock
2010/ 077476PCT/ US2009/ 065232 5. The process of Claim 1l wherein the

r eneviabl én f dpdrogenskion enpatoxagenation sars wisha hydeperean asé levyaenatipn ratakyst

0 0P SOl St % by ST RRinaf AR SR B IRGRRGSL - FrLoeer

oil, colz _ : ower "ol ( rve oil, linseed
oi |, cocepbtygehdtionGaat effluehd conifRiistat Makt n-pabfMn@i | , mustard oil, cottonseed
oil, tallow, yellow and brown greases, 5lard, train oil, fats in mlk, fish

oi |, al gal oisomesigingged stlediyely lodpivearkoig at lesaieeparrian of the npperaféiphan e |
curcas oil , babassu oi.l al moil d rnel., oil. .6. The process of Claim
ot holEsRATIER gt PestyBrialgR zone e S Spndlng wiB g A BRaiRche
deoxygenatieaiveafafcticklng@atalfsPatifemél Al on anpidQn ve BB X8 AGis iRAnZone
wherein the hydrocarbon vol une ratio recycle to feedstock is in the range

of 2:1 t aesBouetizai@vanTrseleptivclgkoahckimione 10 ghrsrase an isemehyaimgadaticoiveand
deoxygen%tyar%rclra% irﬁg zgrfw]c elfﬁggrgt comprising at least branched-paraffins;
selectively separating, in a separation zone, at least a portion of the isomerization and
selective hydrocracking zone effluent to provide:
15 a diesel product stream comprising a first portion 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 1 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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conprises a vapor phase and a liquid phase, and the process further

conpri ses separating and renovi ng the vapor phase fromthe hydrogenation
and deoxyyenatwwom7sone ef fl uent before isomerizing and PETASLINYBHI232
hydrocracking. 8. The process of Claim1l further conprising mxing one or
nore additives to the diesel 15product stream 9. A diesel fuel or diesel
fuel bl endi ng conponent as produced by the process of Claiml. 10. A
diesel fuel qoeprdcsisng Clhien dindsRin P ogitvtabrifceRmMcRicopabanal laftbre conponent

produced from processing a petrol eum feedst ock, wherein the cloud point of

t he di eséPmpgetntseletedFpmole geupZowistixe of 471y pil) e pil &9y @8s arpispeLoiby ASTM

D2500. 2Osoybean 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,

5 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.

10 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
1somerizing and selectively hydrocracking.

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

15 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.

20
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