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CONTROLLI NG PRODUCTI ON OF TRANSPORTATI ON FUELS FROM
RENEWABLE FEEDSTOCKS STATEMENT REGARDI NG FEDERALLY
WEGRONSORED RESEARCH OR DEVELOPMENT [ 0001] Thi SPCT/US2009/037072

i nventi on was made under the support of the United

States Governnment, United States Arny Research Ofice,
with financial support from DARPA, Agreenent Nunber
VWO11NF-07-C-0049. The United States Government has
certain rC@QNTROLLINGEPRODEITION OBABKORERDRTER IONE

| NVENTI ON [ 00B@ELSIFROMRENEWONBLE IFEEBS TIGTRS Pr 0cess
for controlling the production of hydrocarbons usef ul

as transportation fuels including diesel fuel and

avi ati on ¥ URTEMEH REAMABING el SEEQREPhe
gl ycerides and frRESEARGH QR REVELOFMENT nat eri al s

such as plant oils, fish oils, animal fats, and

[ [jeas ﬁls 1 tlBﬁ %?ﬁﬁdé M@ér\fﬁess 8’1rt 3¢ ‘ﬁl{i&ﬁ’States Government,
, an or

ecar at1on, decarbonylati
Uniteylcﬂtﬂdeﬁrmg RB&tarahr‘Oﬁmd \Op)lti finmadidl yuppostr foors OVER P& aA p2Bment

crackin or selective crackin in one or nore steps.
Nurghe ¥ QN Bl CO04Eh b Kindad St iokemyna bes esvin sights n the
invddgbgr m ned and reaction and fracti onat| on conditions

are set to achieve the specifications and yields.

[ 0003] As the demand for transportation fuel increases

wor | dwi de t her e BACKGROSERED 0 THEAN&HENTIONsour ces

ot her than petroleumcrude oil for producing diesel

025 i g B TR ot
usefﬁﬁgsqaneﬁ&&ubﬁcfhagﬁmﬁ?a g %@&ﬁ@;}hem@ réwabl%s

corn, rapeseed, canol a ean and a ani nal
feedftmrks awbl 2o theglwuﬂemldtfedel famw adidssfound irsmatetlaly an¢hoasplant oils, fish

wast tre M6 sSucC el I ow and brown gr eases and
oils. 40 %r@ig%ea% he GRAFGH IOl el by dpecniit deknay s,
t f. gl
decdboryh %Ep%ﬁ’y‘”“” R ap R T ARk 0 b, o
seleftore drivdses, pr«mmsmefs&p!; )Dauedalpmldk@tl spedfieationg bNAElds are

such as fatt I’[Eth (FAME). These types_of
deteppinge apgieagt raglip IR ERREPBLATe S Ashigs B apecifications and

yieldt@avi ng from 8 t 0 24 car bon atonms. The aliphatic carbon
chains in the glycerides, FFAs, or FAAEs can be
[00034t u rA!; tet demand fiar- transiportanbn el yrcweasest worddveide tHédpsts indreasing
t he cerides in the renewabl e feed stocks w |l
interest in 0 rces other than petroleum crude oil for producing diesel and aviation fuel. One
such source is what has been termed renewable feedstocks. These renewable feedstocks
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). Another class of compounds appropriate
for these processes fatty acid alkyl esters (FAAE), such as fatty acid methyl ester (FAME).
These types of compounds contain aliphatic carbon chains generally having from 8 to 24
carbon atoms. The aliphatic carbon chains in the glycerides, FFAs, or FAAEs can be saturated

or mono-, di- or poly-unsaturated. Most of the glycerides in the renewable feed stocks will be

triglycerides, but some of the glycerides in the renewable feedstock may be monoglycerides
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triglycerides, but sone of the glycerides in the
renewabl e feedstock may be nonogl yceri desor
waelr@bgswe: des. The nonogl yceri des and di gl ycerPUEESIa%037072
be processed along with the triglycerides. [0004]
There are reports in the art disclosing the production
of hydrocarbons fromplant oils. For exanple, US
4, 300, 009 discloses the use of crystalline
or diglyeerides iThe aadmegeatidds aad Ul perives dan e Pidceeld S1dGHitAGe
. corn oil to hydrocarbons such as gasoline and
triglyRefifedal s such as para-xyl ene. US 4,992, 605 dizclost
e ' - r oducts. i n.th i ese
100Q4]", PBSIEke B e b RCRO BT cp b ey from plan
oilsaBoream@bke, US 45300 00discie¥eb thefisBaf biystaline A0RHNOZRERS8 R olites to
Al discloses a process for treating a hydrocarbon
conyShpIgnetils syeh py ¢arp Qllé%\hY@”PF?ngSWCmW%GWWGﬁam@h such as
j ' Lon.  [0005] ~Th rpcess .hereij
pars QLA o] SOTRLCIBRS WRrpbITRE bt PUFeBiBGEERgHES B e diese
boilimprrang episydi6prbyedsing eo@tle GRONXYH a3 Ia SALAGS ORI, IFRfilly, US

and optional ly selectively hydrocrack the renewabl e '
200?@8&({)8&&1, disglogps petragess Butiisalingid bydspearben camepaperierbiological

. i ation.. Ly .c onent .. The specifications and
OTEe a?’fb\?‘ga/eﬁ ?géeglgmgﬁj%tuﬁg%gi%gésé)ln?eg&%%ent and the
[0005]i at TRAPLOERBBRIN cathfisdehe bpficiatpRidathleat Q8% Al bAGor more steps

conditions of the isomerization and selective
to hydragenatea draxygenash dydroisomsriae pnchentionallpsadentiveky hydmicrack ¢he

idications and. viel ds. of. the products., The .
rencB R iRk e B s Bt RaPagoet i e Vintion ek
compOn& @ PRfeapecifibRiche ahd Rltive §Igd S tBé diehd cORPbAEN and the aviation
yi el ds. The di esel conponent and the aviation

compepasb AtErietarmjnegand the etsrasingsonditipss ofbe omesricasimpomd stlsctive
BRSO B T 5 0% B S b e

prodlicls. TRMENHOONidORRC lcoddifiof 26 88E@rhREE i ordSr B sBPRHE R desired
for controlling the production of a diesel conponent

produsinst thsidegirasielde ditisshieseheompageioindithgayigtiont componedtenay be
R T T e e T T

incofpégited BEGR BeiiMised k¢ ARNADI e feedstock. The process
begi ns by identifying specifications required for the
di esel conponent and for the aviati on conmponent;

det ermi ni ng yi el d3MMARY &F THE RNVENTERE| conponent

and for the aviation conponent and that neet required

ecif | , rm nj i tization and :
O0BEEC LT S LTRGBS of i
comp@RIeconZ@isiyhyainctag®ine Ghvig bbﬂ’iﬂF P6InaCini tRAdie QN eudl Rdfge and an

. result in the predetermned yields required for the
avialRIECENP RS RO INg hydrocarbons having boiling points in the aviation fuel range

from a renewable feedstock. The process begins by identifying specifications required for the
diesel component and for the aviation component; determining yields required for the diesel
component and for the aviation component and that meet required specifications; determining
isomerization and selective cracking conditions required in an isomerization and selective
hydrocracking zone that result in the predetermined yields required for the diesel component
and for the aviation component wherein the diesel component and the aviation component

further meet the identified specifications; and determining operating conditions for a
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and for the aviation conponent wherein the diese
conponent and the avi ation conponent further neet the
w0 d@ntisfeped specifications; and determ ni ng opRCHUS29¢9/037072
conditions for afractionation zone that results in the
separation of the diesel conponent and the aviation
conponent at the required yields. The process further
i nvol ves hydrogenati ng and deoxygenating the renewabl e
fractiesalBncoke that conltsaintthaigephiaeion e€ detdiakl ¢oinonent and the aviation

hydr ogenati on and deoxygenati on zone with a ‘
COI‘H{?’E}?IHQ'%H&IFWQQ%EI% dRE gearsssi fgrheranyglyeshydrogenating and

' Lon- SN 0 vide.
dcol s SERTAL L0025 (SRLORD TR RREILIG0S, 2 RN on s
deoxypepatici nge wiphed BfdrogenatiorsamiRico y degaiditcasal e at hjeebgenation and
hydrocracking at |east a portion of the nparaffins in
deox ¥eenpiiy RS Bhprarde adudingermiongnd depe/zendtiongane pffluent
' ti MLt ' . . jve .
con B RSt ALY R PR ERL 0 BB AEH B porion of e .
pardffioaiarthe Aydrogenanow ad ok ygohation FGEREM LR bl 0bntadithg with an
. selective hydrocracking zone to generate . o
isorpgTizatiofe sk fl.VﬁBYdrﬁcra%ﬂn&myi;tzaathemﬁemms@demmwanon
A r.acking. | L oan . Lonatin Ln the
conBEERIA AL ARNEAR] LU Ol AT e it
pardffiay iacihdcdthdrizadomenddeldctenhydrberagkigg s RIflfe®: and fractionating, in
operating conditions of the fractionation zone to

the facsipnatdorzanier e 1ypimsaigaionsandesslect uhiprdredragkingwongdic&bisnt the

st ream conpri si th
prec PR RS oers S <SRRG o b B BRI BriSh et sream
comptifig kheHdiGel dormporng ané i atcohl produeha@mBmUoniPRing the aviation
enbodi nent of the invention. [0008] FIG 2 is a
compapEila| schematic of one enbodi ment of the invention
to denonstrate possible control actions to inplenent

in the proces i i [ t he

desired produ%?geﬁE&#&?ﬁ@%ﬁ%gg%ifg$F@@ﬁ%ﬁb@%k

| NVENTI ON [ 0009] As stated, the present invention
[0007¢] at EIS.tlds a gpmevaldhsy §ahemp ob db€ embodimkhr sftthdindemey bon

oduct streamuseful as diesel fuel or diesel fue
[00d§) endflﬁg X! ArgehfEMschamnts of ene AbAYimest afr the iVEREéRMEtdemonstrate
pos L EMISERH: St eh B ol San AR e i
produbiese originating fromplants or animals. The present
i nvention involves controlling such a production

process in er oduce the desired fuels as
provi ded ingﬁﬂ&ﬂéﬁfvgﬁ%§$gﬂﬁﬁ%H?FT&FEH¥YEN3F¥N _
standards. Different types of diesel fuels or aviation

[000bY el _S%ﬁ?f)(tg@,‘%hé’ bRUUE S enaRPrd & SAPbRst B pPIREESS: first
provi des
hydrocarbon product stream useful as diesel fuel or diesel fuel blending component and a

second hydrocarbon product stream useful as aviation fuel or an aviation fuel blending
component from a renewable feedstock such as those originating from plants or animals. The
present invention involves controlling such a production process in order to produce the
desired fuels as provided in industry, government, or military standards. Different types of
diesel fuels or aviation fuels may be produced, and the controlled process provides a
technique to enable an operator to produce different fuel types at different times or different

relative yields at different times. For example, should the demand for aviation fuel increase
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techni que to enabl e an operator to produce different

fuel types at different tines or different relative
wQe@bdsiear different tines. For exanpl e, shoul PCT/082009/037072

demand for aviation fuel increaserelative to diese

fuel, the control process allows an operator to adjust

the relative yields of aviation fuel and di esel fue

to nmeet changi ng denmands. [0010] The term renewabl e
relafieee@stiesckfuel timeamtrot processlalides heepahoe ksadjiidn e Iléhiﬁne yields of

. those obt gj ne irectly from petrol eum crude oi
ay“ﬂﬁB?W%@“é8Fﬁ@3“%ﬁ°ﬂE@t%ﬁ@&mﬁ§éﬂwﬁ%*describe at |east a

rti ' f. ' '

100 g P REm S ARk P ERARE FR A B RLEREERY By those
obtdimedt dircfly @sangetiotbnantiude oil nEhathie tamy thaf hdsheee uddite describe at

conprise glycerides, fatty acid alkyl esters (FAAE),
leasp gortipp OF it elgsspdiferdsioeksis biggngymbisiepdstogkssEhe renewable
feecfs&)%g&thgf:&% Herh%!:&' glethe ?*’Etsetﬁrir?velﬁﬁgn l cmdlte%glg %9 %10%@&31(:% comprise

oll, corn oll, soy ofls, rapeseed oil, soybean 0l
glycedl@afaniylacidt Akyl estets, (FAWH)| stefireetfalty all@IFERGUIERirhples of these

olive oil, linseed oil, coconut oil, castor oil, )
feedsiogktinclyrde., bub arerrobiimitehie canela gil) core ilt wsdledrapgseed oil, soybean
: WV, I eS| , rai.n _oil . .
oil. S Bt calt B, LAABAE: S BeMpRIRE Byive B sl ionut il castor ot

pearaii phlepalmi dil, nesned bilottehdeed paf taDHRAyedoly, andWir&RE gliabes, lard, train
.. babassu oil, palmkernel oil, cranbe oil, fatty acid
oil, taks wymille dish o, algaliail, seeershislgr qupheampib cgmplieg, ot elgtropha oil,

E f YRI eget abl.e or .ani ma at .
e IS B 0oL L B0 o B e ke

The $tycartidiest BAMBSCIndIFe oF thotyplalCaigb@blear @ﬁﬁnawifzttféoﬂﬁwag}haﬁc
the oils containing high concentrations of fatty acids '
hydsgreqamhon ghaimgintleip srusse thighshav &touP & sarben alefserdth weny of the oils

e] i.wed .
con R0 Bt SRIRLACHE A0LDELIAL BV Lo g or o
feedt e eintwalkle Caxdpooianing patibim @yive@ hEechrb@BRLS) A4d Ve @=d as the
co-feed conponent in conbination with the above

feed?‘ioglf-ézrhﬁrefﬁ%@méomea@ttwk@ maycheunsed sppasiallyss ercodeed
i ndustcial ubr . ysed ffi ,
comft BEURT Bl RLHEIBEF. 1ASELRRRRL LB Gt gy mor

oils mad indadtrigidabii@intspued payafin daWes ligeidmiédidatas bhffic3oRRf coal,
. such as Fischer-Tropsch technol ogy; |iquids derived
biomastAr gafyerl wae fallesier by a domasiredm beuefarsion step, suelt aswgisehsr-Tropsch

i . I . i gh .d it .
B S RN TR
suchsag poh@idpsylddie] 15igh deri@ ipolle8S/1da¥ Pnadbw dendifyqidlyethylene; %nd other

etrochem cal and chem cal processes. Mxtures of the
Syntgﬂé@\ﬁélegé@@ét?é exBypragucsl Keompstrodheeiesd apdcliepeidal processes. Mixtures

n One advant a of uMsing a co-feed conponent .
of 0 R s PR AR BURET o B BBy DR TR S sing o
co-faasompPhafl iCirardsfMafloR 6f WRAHATbEAS@MsAERE &5 Be h MaSte Product from
val uabl e co-feed conponent to the current process.

a petrplewin dasadiupesss ino ¢ galgelde sadeedopamanenidgo tepamnseisprbgess. Another
opti(;nol\é\%g hepcgeatsg Sperrgt%}/gcflsx%errlsaets Ib? lc?vsr/ec%llfl%qhé rhe%ycle ratio around the
deoxygenation reactor.

[0011] Two hydrocarbon products are generated by the current process; a diesel component
and an aviation component. The diesel component comprises hydrocarbons having a boiling

point in the diesel range and may be used directly as a fuel, may be blended with other
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deoxygenation reactor. [0011] Two hydrocarbon products
are generated by the current process; a diese
w@owposest and an avi ati on conmponent. The di esECT/US2009/037072
conmponent conpri ses hydrocarbons having a boiling
point in the diesel range and may be used directly as
a fuel, may be bl ended wi th ot herconponents before
bei ng used as diesel fuel, or may receive additives
comb@fie@ts&neﬁﬁé heing aed a3 sliedeldud s@l miyueteivelddditanes Béfbmrbemg used as a
nponent conpri ses hydrocarbons having .a boilin
dles‘f)‘(f\l"ﬂt Theavigtion £oMmapRcHh Comaprgss hythpearbany éma%% bj?lé‘flg P%lﬁb’él the

av1aﬁ§g (_?Hgési/ V\gler:%ﬁr;iﬁlgfl% d Eterﬁlfl_%) a:girS]lPQ}%/ \Bé”“se&) Hu%cﬁlz/las QU iaflBHY Fulfor may be

usedsqsaojlefﬂdﬁfgtdoﬁ@ném Ito meamsﬁetﬁcﬁtme f@fa spudifit typa of andhtion fuel, or
may receive additives before being used as an
mayawea\tqaéﬁltWESelPeme@s@ﬁepﬁWgas@ﬁ@ﬁlaﬂ%fl&b epgncingponhg arpligation,

van(ﬁg%td{lllltNgs mg?f po?nlﬁﬁéﬁj\!v{ﬂl? Hle%faﬂ?ﬁ %ﬁnﬁo\ﬂeﬂtt ddé?l'i]et HLP Qc[}r%gnent

conponent generate

generr@élder(ﬁderS@ aebf legatddapscifieution ol eiferint spelficifues.f glakicular, the
articular, the aviation fuel conposition generated
awan@"r cheasanppition gengratad hergingomplerdividy it hsbdia omppnenidfor, or may

n ne, .0
ve g T PPl BB R 4 ST £ P88 Sylicaon
for AWitinTRurbine IFeelDEfenseSoh aN-- VL T@binE Wbl A&idhde Kerosene Type, Jet A-1
Avi ati on Kerosene Type, Jet A-1 NATO code F-35, F-34,

NATFO gqdey &th-3h FrdibAviation Fes) Quakityi Resprisements for JgisilyOpgrated Systems

oufREEALRE XSGR S e%@ﬁagan‘f Bt S B OIRA ORI 357 et Fuel

Specﬁzﬂ@@bﬁs @aisbi9NGarafias € A/CCHBRB R vididh @%@F@ Wide Cut Type
Avi ation Turbine Fuel, Wde Cut Type Canadi a
Cangipy OENH-GSB3. %Aman@thrbmﬁwél K@msenq@m@é\éﬁeDTWéB& JP-8,

MILI\%*‘L %#3 %E]ZPCJQP 5 oMa:' 1& ecﬁ’gac‘ao §Ero‘gglescie%0Yéc|§o No. 3 Jet

specif Ala aPosehd Vi acao

FuelJ(e:hmEsee; lcdotdihg) RSEB 6 FECDCSEAT 344 (ﬁaﬁéa CablutbtcliBAdhr
(France) Carbureacteur Pour Turbomachi nes D Aviation,

pr@éhIK@r]aé@ﬂ?éloAvaell@rﬁOSW¢ &V%omméwb@ecﬁuebtqﬁ efher countries, meeting
the g%g«%"rg cgee eq _q%!’ien X tO}; %‘? Ag?:}%rgl J 69? % TS %Iu Rl cfg et? in the

S as descri

IATARUdAEAMAirhans & WaloarTuabind Biicl & écﬂﬁcta@ﬂnér The lanﬁu&Uﬁiel is
Speci fications. The aviation fuel is generally terned

generjlpy tesmrsl “jetuelg ihareathend the tarey et felt isf mednt to encepwats avéation fuel
npass..avi ati.on fuel tin the S le ati
mee e FRRARIGAYPTL s L ReTR e eRbdRs SREPL TG R bignaine
comPbiRRdoNg SOAMATAEL m&Hin %rﬂheasﬁeamcmmfs tasbvememit%s hﬁg be added to
speci fications above. Additives nmay be added to t

the jpiduek ipeirder o prediarartienlsrspecifieations l@rwrpastwéarftymfu@rfgel is JP-8,

rticuyl ar. .t efl ne

cerigip PPy SaRFrARR B ey Bl S S| 488 O of nighty
refindH 'klsﬂo@édé tasariet poopelldit spicairld %frtﬁ‘ef URREH $@fe9TRNEmARSEd he fuel

jet propellant specified by the United States
prod omtitcerideseorflifed as described herein is very similar to isoparaffinic kerosene
or iPK, also known as a synthetic paraffinic kerosene (SPK) or synthetic jet fuel.
[0012] The control of the process allows for an operator to select the specific type of
aviation fuel or blending component or diesel fuel or blending component to be produced and

thus the specifications of the fuels/components and the relative yields of each so long as the

yields selected allow the fuel specifications to be met. Then the operating conditions of the
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produced from gl ycerides or FAA as described herein is
very simlar to isoparaffinic kerosene or iPK, also
whewensms2 a synthetic paraffinic kerosene (SPKRCDDS2009/037072
synthetic jet fuel. [0012] The control of the process
allows for an operator to select the specific type of
avi ation fuel or blending conponent or diesel fuel or
bl endi ng conponent to be produced and thus the
isorgréaitibn asd sadersivehydioeratkial 3680 dpeAibad belaRdart @etermined so that the
relative yields of each so long as the yields selected
efflygnt glhtherrane cnprsse dicrhydeacemess neceparyiormect ardesived fuel
' C 4 - t heiso .zatiaon and, selective
speBEN Rk bk 80 Rl I EREBALEA 4L BRNG RS are
detdrinaiedtsbeh2 filid iugidcatfont PR IMOARINGRERbIMSASatioR@nd selective cracking
hydrocar bgns necessary to neet the desired fuel
zong BiEceparatgdl i A $wo prrdugiydieamp iyl isbprodugt sieam fomprising the

i N N T ———

conipdaem/ irdahé toad groviatetichm@ofipaiink itk KRIRGafIdBs in the aviation
.separated into two product streans, a first product
boiling rangs AWrpeatiae e tpseilisginnoskacisdrier the aviadonite@spdnent. A small

] ’ ting the specificatjons sel] ected
o QU A8 9B A AL O 0 SRERLL RS BB gBh e o
usefsl hRpRORGONPEasdRg stelia rbpehpear 8QRedi n the aviation
boi l i ng range and neeting the specification selected

[00%Y, t Rbe eqnted PEoses@IPOAesmperators wdth a gryrdsdudiflesibikianDifferent
' b .S, al so nerated. This stream

eradl o B or RES RS B iR R PBRERCYRS aod ot S50

charige{ afdwhagelatvedgais 6ckhe HROAIZbmPBRer ARd iR avRiiBA @8 Sponent may be

provides operators with a great deal of flexibility. '
changedl pdthemarkgy demeandp ps welbritaddeckofvatlatelity andpricmgpnaycalsedsult in a

T SN SR e
the Gperabi @RirEOMRRNE M afRYNTRGI 6 @RASH e Wedifes &Y difbreAEBNG R cifications

as well. Feedstock availability and pricing my al so
oryieldsult in a need to control the process. The steps of

the contro ocess may, .be executed periodically as.
ooigfe oRYPhITERERRES TR 8 s Belimobat Srathaghrigy of
imp@@sds! Bsr dxampl, t1efiERt byYRddRPECIhE MRl ipRitesig HlifdtASand tall oil
[ 0014] Renewabl e feedstocks used in the present
contping esiels @nd repyn ewdt iaiaddisionde FEAy. Rdsin apds are cpgic chdoxylic acids.
a e tall oil is a by product of the wod _
he FEERBRE rilosktiey e Rl G Tnantych s SBEY sty e sodium
and p&adsturdHdSpHotoRdd ividlIOR sbRds, HAR: aRPadBreafk d8n @%t?onal first step is
cyclic carboxylic acids. The renewabl e f eedst ocks may
to regloye ag owich phthessneaatdnmiaamits aspeshibies Cak lpabsibleptealestmeat gtep involves
di and t assi.u osphorous as well as solids,
con G FiewBT PSR R 33 i bnds et e pipupamegt Zone a
pretreSFRYECEHRitBHS MTIRS ioh RESBINEORL AT BRNL RicASn PR:SASY RsinG0&h as

possibl e pretreatnment step involves
Amberlyst "-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
feedstock with a bleaching earth, such as bentonite clay, in a pretreatment zone.

[0015] Another possible means for removing contaminants is a mild acid wash. This is
carried out by contacting the renewable feedstock with an acid such as sulfuric, nitric,

phosphoric, or hydrochloric in a reactor. The acid and renewable feedstock can be contacted
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contacting the renewabl e feedstock wth an
i on-exchange resin in a pretreatnent zone at
w@e@bnembrent condi ti ons. The i on-exchange r esPCI/US20891037072
aci dic ion exchange resin such as Anberlyst(tm-15 and
can be used as a bed in a reactor through which the
feedstock is flowed through, either upflow or
downf | ow. Anot her techni que includes contacting the
eitheeneviaiotheorfeeadmions lprovietsh Cantattiaciidoge @ahtahlilugdhd &8ution usually
bepntonite clay, in a pretreatnent zone. [0015] Anot her
at aggwenf [Py sflmé amsaﬁw pigssEnifahe pemecingds doneiing continuous
mmfh%{r G I\é\@?&hﬂiy 8 n{ 2 &ﬁl‘ié'r cﬁgerﬁ%arg% I?Octflér fssJ)]l% means of
r enewab stoc wi th an aci suc

remmflngInmtalmbﬁ&pimtmlts:f,romﬁh&i;edéwwé ﬁirekiﬁtod:lﬂls ahrbag\}@ ﬂféruse dhguard beds
cid and renewabl e feedstock can be contactedeither in
whigh grgeveall ltovedthgirs Udieps Suiesd udayhmins guag! hasls gishes wirlt or without
I
denf ] SuBEL AL B I B GRAT T TR B i

are mhelocﬂiolld’&sl edischnamyies employéds Higtrddesd@nuchis eha€ @ekdtiBEd in USAN
current manner. Yet another possible neans of renoving

L/T78826 ixepabaripireaimant saehpiqee poibvian ke depldsedock i s
[OOf(ﬁ r oug\htht Lﬁlﬁ elge%ﬁlc% oG tﬁie ro%rslctwﬂem gatgi;ramsg C}ge gei?ettwgryri]elds of the

can i nclud Ui Ras

prondtSfbeﬁfg detdrinontld, derptatih@borlit SRtk omelafiod and sQ&Rive
or cobalt. Flltratlon and sol vent extraction

hydiogpking gese aidelrention rzoemmlegéetmlem Eﬁ%ﬁebéhfefﬁpd&wéds flowed to a
s SRR LIRS e e ey

feedo@cle igaheane ¢ inkRdd GdedVOES thiitEhaSQ 861 Belef athtod fo RindvB@ontaminants as
products being determned, the relative yields of the

Wellms derse feedsorkpputicdrini mreatm@lt apreer ertdilpyoerspidi facdits. lofthe
reactlgﬁ zérrcéom%rfla&ﬁ{qgg R &N ?%l W ?l% ydrﬁéeg rgggl;rl g{c M%&e@ggg S%Qg/st in the

1'On zone bei ng er'm ne

presemscefdf Gy@dgéDatchydRaehdtdn oadi€iosOPIBIHydEIgeBate i QEfidIP bEunsaturated
catalyst beds in one or nore reactors. The term
portiogg aéefls aliphasicygracatbenichainy dﬁydr@agtumélyﬂmwam@taimts are any

nt.am n S
of tPSERCN KRR ih iR RSB B SO0 37 hRR!EPSesifin ifesiod Bh nigh
surfgeoeasappat. fGabéd hyﬁ):bé&hattdﬂx&:afa%@‘st ih@0dZ Oftor th&@ noble metal catalytic
f eedstock is contacted with %,rogenatlon or
e

elenwwrdé&ne@sé PR g high wirfpse aep smp@rtp gdmeiting txdmplenefarwble metals
nc 5 R0 RS R0 LB R PORRRE R Bhb e o

tempzahamres)f 100eC @9 806810 Qi Pprebiney Ot 1 AL kFHhbs LA (2@@ §s1§)" @ 4826 kPa
any of those well known in the art such as nickel or

absohjte K0/ nyis) y%emmmng;yen@édnmr dlelhygmgsuatfmw@na aeewell known in

u r her . enation cat al Jsts inc
the o RAR g S OEF AR PPN R e R ie dhRghetdemberature
hydrbirgfting ubﬁcﬁﬁ@nsammw&a@@é hydrialiodT ting exanpl es of

nobl e netals include Pt and/or Pd dispersed on

[001gh nrelhgIhydiageratioplpdd bydnoteating cetihdist dnonerdtertahoste age 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
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
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tenperature of 2000C to 3000C and a pressure of 1379

kPa absolute (200 psia) to 4826 kPa absol ute (700
w@sioajis16@t her operating conditions for the PCT/US2009/037072

hydr ogenati on zone are well known in the art. Note

that a |l ower tenperature zone is not necessary because

t he higher tenperature hydrotreating conditions wll

al so cause hydrogenation. [0017] The hydrogenati on and
4820 kitno(F00atsiang: eaipatayst sf 200TEaIEMCabity embédimehs @n the range of

I f al yzi d b | ation . . ‘
2882‘2@256%ﬁ$ pad ?ﬁ,ﬁu ety rsgwc a&ﬁ%ﬁbﬁ? Ié)e?r’?’afpi bhr oith grabodiments in the
.t] . N 4 . .
nSISFL 0ty TR G DS ARBAIYLN B o T

throogh theahialst ed @t esmpaatiice insrealee xiydératborlatied tet8BSnylation, and

Deoxygenation conditions include a relatively low
hydwﬁ@%éi%?’éatw viglnecwpAlthaugh the bydrogenagien sgaction BExgderriPasome

[ ' i 0. th ange of
B o8 S 0 STBO P 19,
embiod iU S26y kidaae eX@thaphéa)npud THesPe sahuisineld ar@ROLHIR the scope

4600C with enpodinents in the range of 288C to 345C,
of thys, vaniiqryihptplhibg reagtiepreasur amylianepugy imomsreagioyortin one bed.
A Dy IRRANIRA oo B EA0G ol a0 ur
one bed aist dekirbok plador, hiecatdnylhidns atdbrtsidrddedx igeRation occurs in a second

nperature i ncreases. and decar boxyl ati on, _
or aéfSE%‘P"é gﬁ‘ij‘ﬁhﬁ My oBhBredy dpesk danapgerenerased sa thpt hydeagenation occurs
A [ ion,is.exqgthermc,

R S R
hydgdeerygtieitienouglrs haaily imthe niiadle Yind b6@si8bo R, bed OFMally, desired

enbodi ments may require external heat input. Thus, it
hydrogenation spy hearbipdiontdn gne Fragtor. ehilecdsgarbetylatinns decarbonylation,

i i . : I ur. . si t aneousl|
aPHRROR, o SR TSRS P o

reactiomdis hooaniticabio theswoedsiodkeatosdseh that hydrogenati on
primarily occurs in one bed and decarboxylation, '
[001§4 ¢ o r Bisrigpetiongrodush frowy the hudregrnesige anhddospiganeion eaitiors will

conGERh QA 08k PR by O By RS

hydmpearba frhotioatcotipeising@Rparaffing Bl B8Gng Mikdeconcentration of paraffins in
decar boxyl ati on, decarbonyl ati on and

the kyigrl§dediep gumdber Bnge ddtfrenhisediigeks it hevadiffgreat disttibutions of
para ity it BE R aRo e  Fea R PRRR P BB portion.

may e ea¢doanlit AydrocarbanieRile Bdsdriveiedoy 8 efgidugh (i Ryd¥8carbon fraction
carried out in a separate reactor. However, the order

is usgful phdieasd dugl or diesel fugltblending eomponentt additsanet isks, sfchtak@viation

: . The reacti on. produ fromthe . !
fucl 0 B8 St DA ling Gl BB B bR 8 cipkRpration of paratfins
in the edige s @ B0l Ncaabdd HUnd, MY bé HadacRd VADARRVAAI POEESRB: Also,

The Iiquid portion conprises a hydrocarbon fraction
becagg;ntbe hgqlrﬁ@ar plRcfonicaspaise disantialdy all hawagpéfins, it will have poor cold
ﬂow%%b%?t?ets.r ﬁltalh}cf) Hie(s)él B3 raeifafilngl ?ue.ﬁsnand 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.

[0019] The gaseous portion of the reaction product from the hydrogenation and

deoxygenation zone comprises hydrogen, carbon dioxide, carbon monoxide, water vapor,
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the 15 to 18 carbon nunber range. D fferent feedstocks
wi Il have different distributions of paraffins. A
w@erbitswnf this hydrocarbon fraction, after SPEOHDS1009087072
fromthe gaseous portion, nmay be used as the _
hydr ocar bon recycl e descri bed above. Al though this
hydr ocarbon fraction is useful as a diesel fuel or
di esel fuel blending conponent, additional fuels, such
propaeaniregenen nftrogles compawvidatand perhagd sulbfue minp@e??mpan &yhslrogen
ich typically have a concentration of paraffins in )
sulfih PR s SO RGOREH SugheiPharee. Tha 9T iR e deoxygenation
o S R BRE IRy Re of the hot high
pressupdrydfdgensiripptr witd beléraivelypopirate at Radtlapuriisropfhé g&sous portion of
nd. aviation fuels and bl endi ng conponents

di esel a .
the %%@%ﬂ#&% threhiquad pesdiog of ths\gTlveabehs xsossids awexnrasive resource, to
con§&ACLdRN Y QEMHGed z}?dﬂcog&{ ﬂ%cy!'cféa% ad fﬂgtdr%ﬁﬁtion zone containing the
I soneri zati o con tirons to iIsoneri ze at east a
deopygenatiom ©hctohlsv, fiihad fo ot e tHervenah edbpanmahbiias, and carbon

; ; e

T iPIHES O BGERA RO RS el TR At s somerization zone.

WafeP s §Fordd¥ 088 Hon &iﬁﬁﬁg,nan%ia%&ﬁ% o¥ %;(Eggen%ﬂ?ﬁéégee Selked:tively
wat er vapor, propane nitrogen or nitrogen onpo . d

stripped fiage louhighpressump dydgen stipperasinptdaagen Fié ny?ﬁ%eﬁ’ ised for the

. phosphoroys conponent such as phosphine. The effluent
SR B° B0 BFLHAEh SrPorGrees sotmperabir sy etsontralicgtin o

.. : i . f _the hot.
im RS L OBENSI R Ghe 0B BURSSE oy G flne
apps@pastelyehatanieg@sisuse Bahé ivanreadtidn@nea®an M Re bbiltiRv&tment and
the effluent fromthe liquid portion of the effluent.
OpeIgting, Cois ;@ﬁ hpthigh presyenRydrecensS thpecaay boopastisd pieonditions
> t r Rah S LECY t.he fi .
rangi ko o PR AT A OB T Bb Y £ 0 R iByld (2860 poia
and Altsoperfitaid afr €0°Caor B00U elntanetheBéBbodiGantaae hamﬁg%bl_@@m hydrogen
.and carbon dioxide fromthe effluent may result in
strippgfgnay. bt apeyaed plesonditionneanging frame apeespise iof 379 Pz abselute (200
. ' i QXi ny. ' r
i e LRI, 2P TR P e
(65Chpsixh), prdesisiperahyrel b FOFC &t BEENE Thel Bbt P YREQGERydrdf& stripper may
hydr ogen used for the stripping may be dry, and freg"
be ogfrated P gverialydle samifePresHiseas Al ieactipmzope. B frssentindyl’, iitris meant
| 4.4 | | red separ.ati.on
LA 100 SN L ATy, 05 e

absohaerel J0r B of eheaspetaifg prsure dEL the @EacEON 26nd. PortintPl& &n one
$th I nvest ment and operating costs. The hot high

b
embpdigest the haykigh gessswe hygipsen sEppas sepapatioatzede itno more than 1034

L1 . [ f 689 kPa absol ute
kPa FRBRNC (130 5iE FRSPRBERBR BIEREPR% 2000 psi 2y, and &
[0020 P eTiataffleend tnéR0ke hét BEOHEssutdstAPRrRAY 2BRRHIpERMn of the

the hot high pressure hydrogen stripper may be '
SaseRBGORINOACRIE, ddpATIEd Bih thedryiregenfstrinping grsesd semraséd By

overﬁgﬂ sﬂjgf?xgl 'Pﬁeeregl%gl%er of the deoxygenation zone effluent stream is removed as hot
high pressure hydrogen stripper bottoms and contains the liquid hydrocarbon fraction having
components such as normal hydrocarbons having from 8 to 24 carbon atoms. A portion of
this liquid hydrocarbon fraction in hot high pressure hydrogen stripper bottoms may be used

as the hydrocarbon recycle described below.
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psia) to 4826 kPa absolute (700 psia), or 2413 kPa

absol ute (350 psia) to 4882 kPa absol ute (650 psia),
wa@naasteenper at ure of 500C to 3500C. The hot hpP@iUsS2009/037072

pressure hydrogen stripper may be operated at

essentially the sane pressure as the reaction zone. By

"essentially", it is neant that the operating pressure

of the hot high pressure hydrogen stripper is within
[0021034 KRaroghs Bl axegetfnk 30 tHeskakiond aBdve, Mides Bk kffectPiees siffibient

of the reaction zone. For exanple, in one enbodi nent

quapty oh Bydraggghmpstds du pelutigiiogpess elfeetivshetaks ppshinghe eaialytic reaction.

h 034 kPa.absol ute (150 psia) |ess
pasRR R 1% R st e B RPN PR s
hyd@gte Ssolitenh@t rbddgly aRhi€H3dfor ré&lib REydesdnaé ndt@aallabe at the

portion of the gaseous conponents, are carried wth

reactipe sitg/ oy thg earakystys thspriokg fayans oanlke exdlnyt ané dedctivaeqihe catalyst. To
er he styream The remai.nder .of the deoxygenation
sonYRE BEPff bt PRl FEM PR CRaRed EWERRNOER R affabie o
avoidy Ak PGeBactibhi HPBYe RQLYsO Hovaer, 6RRERHBSsukd\epekdtibb Gre more costly to
_hydrocarbon fraction having conponents such as nor nal
buildpag trcenerings ermpare fortberr Bvwes pressura cporieraatnd he fresent invention

o5 BByl R B RCERE R0 AR ADob BBy 402
kPa by ¢roucsid) ovhicleRY6 W& HASGAI RAHd BEMANY pe0iddd operations. In

Hydrogen is a reactant in the reactions above, and to
another enhasdimpdhe epesating presnte iguaiheirangeof 24t dkBgebsotute (350 psia) to

443 PRPL T PR Toselod, M apP et SE B SrBfling et it is in the
rangliof 788 &P8 Ub&stute 40U L&) tb 24 13¢ PE YBsoRute B0 R eh) ARIREMAE, the rate
hydrogen in solution and readily avail able for

of rqag@ert is dmeredsed rapultiogam aigeeaen emauel df divopghut phmategakthiangh the
gite of the.q@tﬁ%ﬁst, t he co#e fornms on LBe cq%ﬁL ST .

reacli i nivet o Ceng Tonel Fp€Riiup®lfodontC o Mfiidil aovancage

in ilch@siRE BRSAHCAbLRYINf PRk RInS ARl 1R dRSIHNE hYMOUELX yB¥eHBH S hction.
is avail able to avoid coking reactions on the

The gesuhiliya redugiianeindhe ampehiof hpdregenmequitgsiepaemoysoxyigen fromethe

costly to build and tao.operate, a ared to their
feedf Rk orpp eBting wriite rp L B ST KAERED SfbSat e componentof
the feéd SWBrefi@itioh e QPSR defl Je RARARHISSs béhehiBial ol LMIRIC

of 1379 kPa absol ute (200 psia) to 4826 kPa absol ute

standpROW- psi a) which is lower than that found in many
o R oL AR SO, e e
soluB&S & 19%6r fr3RUrR Hyngi Qi larsHRcRBSH Midfochfod. BfeRbrocesses

and in yet anothér enbodi nent operating pressure IS in
havet dveplo prddeydofcatbpB8edyPle inlosdelr t eontrddhepenpdratuce 187 reki&ion zones
. absol ut.e (600 i a).. Furthe re, the rate of reaction )
since {he reacfignsarg e;&&tg i ﬁﬁlcp?]nsa Wessrethe 2aRgs of regele to feedstock ratios
usedHAF QY BNRUGasPd o BfcBldedlo LMY AR 1ERE of ﬁﬁﬁ&%ﬁ ih ﬂleﬁggjid’ El[fhse and
period of time. Lower operating pressures provi a
theredotiredusn dhe dealvavitiageate. The amount of recycle is determined not on
temperature control requirements, but instead, based upon hydrogen solubility requirements.
Hydrogen has a greater solubility in the hydrocarbon product than it does in the feedstock. By
utilizing a large hydrocarbon recycle the solubility of hydrogen in the liquid phase in the
reaction zone is greatly increased and higher pressures are not needed to increase the amount

of hydrogen in solution and avoid catalyst deactivation at low pressures. In one embodiment
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In increasing the decarboxylation reaction while

reduci ng the hydrodeoxygenation reaction. The result
WO g00a/15ouct i on i n the anmobunt of hydrogen requPCEUS1009/037072

renove oxygen fromthe feedstock conponent and produce

a finished product. Hydrogen can be a costly conponent

of the feed and reduction of the hydrogen requirenents

is beneficial froman econom c standpoint. [0022] In
of timmventivadiheantuned ratihef hpdtecdrbansecydie toesdstedt i@ff@gﬂQ: 106 8:1.In

drogepn is kept. in solution at |ower pressures by .

aﬂo&%ﬁf”&sﬁ’fﬁﬁleat thg, ?@@ 1 élbﬁi‘&r@lgéfof hij & £ Oak Hishin et #nother embodiment the
rati®{s9f %?esﬁﬁg';é"@fv £:180P4.9V Rtk Ja}{gés%? PRk 5&?%8 | §ids s Rgl(ﬁjr%(r:ar on

to controf the tenperature’in the reaction zones’sinc

recychetorfemistocbng: deseritedon pedihgappdi@atioroils ANHDRAMEIET49. Shiable ranges
recycle to feedstock ratios used herein is

for é)ggg&%agehlb&ﬁy PeEe Hosd 1o Segignit rrgreycietolfesdeiatiopf Bylifsgmnecycle to
feed.dxgtiBQGf bi 1%%0%;2{6215&?@%15@&{ c?rf @#&er%%%embhsﬁ%vg%de trhﬁjlc tﬁlg gnydrogen

activation he anoun recycle s de
solubdity eemdisedileipat Thue, the spdoific faggdsi of @B RS SatiddWf rediele@8dsed for this

based upon hydrogen solubility requirements. Hydrogen
emwggn%{lt gsr%é%vn@oba%i Py aghigving hauitaplerhydeagsn solgbditiuist the

[ [ he feedstock. By utilizing a |arge
(ko% ?%ggf%%%%P§@§%le the solubility of hydrogen in the

[0023]qui th plodee embodifent, @atdad O r9ieng 18/d86@EHINY ohd GBS the co-
and hi gher pressures are not needed to increase the

feed-Gopnoncss disgasedyalipve maydientsedip ripbida i lwbdlitylof bydrogen and

' ' . e S,. 1n.o odi nent of .t he
emfE8GH AP P RS MR e L0BEBRLBR) R 5 rcd
comperds,taelenibdd iy betnfor8 edonohiic &aatiestheMRadimBiHant to note

the ratio is in the range of 3:1 to 6:1 and in yet
that fhegepysie @rasoigedrismptiond and thegprpeesp dogstwt regniye resfycle-of co-deed.

. i | | rati f
N ST
compemdgit §h e phriotiad ieaibolinfiNt, 104 pi93dest 4Py bBWohdli& wARE&Sinuous

for hydrogen solubility were shown to begin at a
catalyglciggénerationyin grfer ky qayntsracp the caplyshilgastiyation effscts @b the lower

[ . : 21 the sinulatign of USAN
smob s o8By eteih shIUBHAD et Skl Sl
[0024¢ i Akkbughghc hydioirbdnk enaRGiséfuf 2 20883 f@dl, ol didel fuel blending
ratios of recycle to feed for this enbodinment is

compeRcat.pepRige BiEy campriseehicatinthyalhn-paiaffins, thetiydH dgenpoor cold flow
progle ) oL GG FIAREY HREREA 8w ThBla R ioilne

reactiyitlprodadtea be 66@ad@éd WRA @n Kontchi@asaf @edyt AR RIMSization
di scussed above may be used to provide the solubility

condifionsyin ap gfemesinetiansingdeelsctivechydorracing 0ep enatileayt pprgally isomerize
ﬂwrﬁ%ﬁmﬁ%g th@ngggés of the hydrocarbon and the co-feed
component,” "one enbodi ment may be nore economc than
[0025he atdi@ysts hitd dchditfBRO Féraf¥mdraliOh Bre well known in the art. See for
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
isomerization and selective cracking are achieved to meet the predetermined specifications of
the desired products. Isomerization can be carried out in a separate bed of the same reaction

zone, 1.e. same reactor, described above or the isomerization can be carried out in a separate

reactor. The product of the deoxygenation reaction zone is contacted with an isomerization
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that the recycle or co-feed is optional and the
process does not require recycle or co-feed. Conplete
waelemzgsont i on and hydrogenati on may be achi evedI/us2009/037072
wi t hout recycle or co-feed conmponents hi still another
enbodi nent, the process may be conducted with
conti nuous catal yst regeneration in order to
counteract the catal yst deactivation effects of the
catalyswie theegredentsofdfydiugei agesmérizagod condaiondto kh@ettiedhefiormal
erating conditions. [0024] Although the hydrocarbons
Pam%%iﬁ tp Bragehsd narafins, Inysamcegmipagdamentsy only minggd [brgnghing is required,
' |.ses. essenti al |
eno B B PRERN, o R T e B SR, By R R,
greaper apeuiti of $sombpizatigarioussired erhePrelioblinae BoepRs Ao prédhuct i generally
|'i qui d hydrocarbon fraction, the reaction product can
a m%@iarériﬂha% hedogirean. Adongswiiethe sepesration: sanyeshydigsareking of the
' i zat | 1L ' AP j zation and
byarSfGs GR'de O, SR bl 208 bR PP SR T IS BORED PG e e ercater
the drs@ieof yerddigkgpa il Hydrgatbond. T8P ay@béafisng dQURRI in the
. Catalysts and conditions for isonerization are well
1someRgHiPD; 29n¢ Frsulsyin a vader digribuioant hedrogubgpshanspded fram the
Leh 1S | r. feren in khts entirety.
ceotfdLfioh 2ol M ERRALELE RO of IFLERER I ot b BRbS Ror

hydpeebetsen Henethtioe fidBbilinpeange.oper degree of
i sonerization and sel ective cracking are achieved to

[0026het Thecdsqnerivation af the pargfindd Hydeeparhons casfbetdeeordplishedin any

| sgnerization can, pbe carried out, in .
manBEAASEH 3 e GATF o 80t A SR Ep ROl b o Syt catatys
compB&Ci Bétal SFESGup Vel (RIPONES-Q0) biftBe PERIMRE TAA bl %Poxb fhaterial.

carried out in a sifarate reactor. The product of the

Suitghdeeyeyenaill raefals dncdude phatingmeanid pabiashiera.ceagl ofwivhish amy be used alone
. 2r i.zat40 st .in_the presence of hydraqgen at
o PSR QSR Bl BLFRFTS B ke S o

matepRlsdhdliidesal ir@inas, aRDAgHbUP AluAitds EnorpRo QTR 2 ANRAFATRM & te, ALPO-
m ni mal branchlng is required, enough to overcone

onl
31, DG HIPOrIbB AR T SARD-Ho b, Mar&SOr bls FUL% N7 H8r NU-23,

[ t t,Qfy 4 Lzati [
RSO S0 e RE SR S8 ATRUS! 00 4O 30U 8R! . Menpo.,
MeAgeEnel NEXPSONMNPERPSOCHE MdrN®a areAPsAlenaL wrbb: it BeAPO-31,

i soneri zation, sone hydrocracki ng of the hydrocarbons

ELARO41. SEARSO-ThELARSO-3 bJdrAPIBré | domtipntitaresnasinite nfretite, hydrogen

[ r.jzation.zone, .the.greater the anpunt of :
forn T QB Bk 7 ol 4EE B e e Siemgplgiym orm of
parthR@€,Wath GOwihibh hia§ be SR dnedk iPENIRRIChEAHPOS3 118 d&Mb&AEH US

di stribution of hydrocarbons than resulted fromthe

4.31Qd ¢k pgdithd 1. SAE@Ré, SMRO13 candaB RO Héwed desaibed in US 4,440,871, SM-3

AR 8 S 1 XSS b ARG B eso s«
Meﬂgmﬁcﬁgﬁgﬁﬁrﬁﬁyﬁ §ﬁ aRddtafaliniihem VS RGHPHARNRoI6@ MR ve, where
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.
MgAPSO-31 is a preferred MgAPSO, where 31 means a MgAPSO having structure type 31.
Many natural zeolites, such as ferrierite, that have an initially reduced pore size can be

converted to forms suitable for olefin skeletal isomerization by removing associated alkali metal

or alkaline earth metal by ammonium ion exchange and calcination to produce the substantially
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manner known in the art or by using any suitable

catal yst known in the art. Suitable catal ysts conprise
wa@2metsdeynf G oup VIIIT (1 UPAC 8-10) of the Perp@rius2009/037072

Tabl e and a support material. Suitable Goup VIII

metal s include plati numand pal |l adium each of which

may be used al one or in conbination. The support

mat eri al nay be anorphous or crystalline. Suitable
hydsgapfort, aeteght &l BSidos16d8 aad USidnepst,02anBurfieociRalysts and conditions

al um nas, anprphous silica-alumnas, ferrierite

ALPO-
for skeletakppperipation gracslisejosed NpldS 30 1088p3)S $,08206@, and US 5,741,759.

00205833y o Gt oL K A v

condVi P Of fehthaeAP&Dubd, praVesiyfiiihm IneoaATIS s ddariude ARG, terbium,
ELAPO-1 |, ELAPO- 31, ELAPO-4 1, ELAPSO 11, ELAPSO-3 1,
and minprsethereoct, 3slgpsived ireUS dall €8P padUS %33 &P @ther suitable support
, f Lk bi nesi r.caleciumform . .
oA B AT A SO R 0 L

US 46,568 &R, in @aCdiclé emhiied "NeBYmblEculke 8 ikva bRRess Fbr lube dewaxing by
conbi nation. ALPO-3 1 is described in US 4,310, 440.
waxggquusrizptionsapgiten by SApMilier, indYigrapamgys Matgiiads 3 6k94) H¥8449. The

eachflgs g 4 iy P ARSI o boad R Rsdfpt us

5,08V8AP0S SyHIBEBS; S 8/208,009,YS15 286,566, S §1716,897; and US 5,851,949 are
al um nunsi | i cophosphat e nol ecul ar sieve, where the
herehg ingprpgEatgdsbypig Pum (My). Suitable MeAPSO 31

t al S, 4l ud . AP. e described in. .
100358 § U855 2 AR s ST B RSRENAF dilen s
conﬂittﬂ&ﬁb%m&(g}?&ﬁ@ﬂﬁ:&—ahﬁmﬂa pélehe bheer e RR@ls Bh18hEnStolGroup

means a_MJAPSO havi ng structure type 31. Many nat ural

VIlIAegnd is efectiyg dmthgdydisrsemerization of hage-chaimeogmalipaiaffing| doptaining

' co o.forms suitabl e
o BFHSS B85 S 2P SR BT SRT B9 o AT B ARRa cuta
whi@S@apirisése th)alpeadus cRBtailine Mhaték abstARneaith bEet-2doliBYselected from
anmoni um i on exchange and cal cination to produce the

borossiliepte(RGRB) i berogdminersiicag<AL-BORB) inmwlieh the 7a8arei0,: ALOs

B e e e
platibiman@ B2 R 6, iABAl atdSu.céthpriddaSvittiR 8% thngbh from 0.05 to 5% by

i sonerization catal yst may al so conprise a nodifier

weight|Asticle V. (Galsmmaet abr dop CavlsAsGemgl WF(20ANt Hdrteashes yet another

. ceri praseodym um neodym um sanarium gadol i ni um
Sultat%%rct?%m%t' and m xtures thereof, as described in US

[0029] 7 167185 ¢oa8ezaton 5&@%& B4Pbe HyNFthSeidlURwaURBRY drt such as those
materials include ZSM 22, ZSM 23, and ZSM 35, which

descgibed gtubdieidpbove. dn genseali isordenasion gonditieis ifgladcy G6permtde of
N the article entitl " | e ar . siev cess
5o Sl b o RS s o LB BBt 00
psia) In MJthe® emboBinMr (HRAKS R F2alYBH 86 dichs %n&&@ﬁoen@j%%nﬂé 8f 300°C to
The teachi ngs of US 4,310, 440; US 4, 440,871; US
360°F, and 3 r98surelyd A1 025Fa4bNlutegHd H) @49, td 23792 [¥Ba absolute (550 psia). Other
operating conditions for the isomerization zone are well known in the art, and the specific
operating conditions used are predetermined and are dependant upon the desired product
specifications and relative yields of the products.

[0030] The catalysts suitable for the isomerization of the paraffinic hydrocarbons and the

conditions of the isomerization zone also operate to cause some hydrocracking of the
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5,087, 347; US 5, 158, 665; US 5, 208, 005; US 5, 246, 566;

US 5, 716, 897; and US 5, 851,949 are hereby incorporated
whyooeaswsence. [0028] US 5,444,032 and US 5, 608CP682009/037072

teach a suitable bifunctional catalyst which is

constituted by an anorphous silica-alum na gel and one

or nore netals belonging to Goup VTilA and is

effective in the hydroi sonerization of |ong-chain
hydragarbehs. Jdesf 6iendthoogh ainmimproructef tikdrydidgeaatidno dectygermition, and

US. 5,981,419 and 8,134 te ch.a suita

‘SOIB‘?W&HB‘E PERSTS acpéff’af?%?wm%fhm& ﬁﬁtﬁnssé’étable g‘}f uge gotsed fuel oras a

blerﬁfu)/gs&ﬁ‘xllﬂdn@ﬁ fHPHr%Eél Fliel] $QREK B%l-%B Wgﬁ%aﬁ%h%uﬁﬁﬁé kdrSise as an

selected from boro-silicate
av1d©lon éueil erms peogiponadtfer (viltioBOR1 B al’scm gmmw mallmlfaarve of this
B ratio is_higher than 300:1; (b) one or
conRat &) CBs NN §T PGS G155 TOrR nesaple dteamor Pofspieally has 15 to
[
18 U T e QAP P e O o BR0THAS £ BB B 10 24
carb@alagoms Aeportibn pf e morrd tpataffink areeqmmeni&ﬂto(lﬂ@nﬁﬁ»:d pZ@ffins, but the

cartoB GtaFs HhEDR B! %3548%2@@@8%%2%%@8%%?? r—
hydfd&ratclaﬁF Hifl oot toRSurtARS Svi gﬁg fsoﬁl%ﬂzﬁlﬁqlu génega({jm% %(R}Ia?ﬂns having

gener al , I soneri zati on condi tions
boiltngrpéntafrome 166°CLHOBM CoviH6N Bloanslthan faesBME engdrity 52¢'15 to C18

a absol yte (250 psia) to 4726 kPa absolute (700 )
Pafagfgl?saef 34%3%81%%%3%%&1%%&@@@% ddgeli0z&ttp c1P0°C boiling point

range QR4 rh%ﬂsa\h%lﬁ;nl{qg @ﬁ%ﬁgﬁgﬁﬁgw & E%r%%g? g e;f)agag«%gtgorag}ge other

a pressure o ol ute
b01laigqmlinn1rmg(e5 5ﬁ)erph¢ Bpmefikhion zopetradrdago pediliict b® BGiafié fuel. This
onerl known in the art, and

zone_ are wel |l
Wﬂl@ sgergpeerafy lﬁje‘?f:ﬁ“?sﬁ ugbbidiatlpwh the psedpctipe of two fuel products: a
r
dlesglrfggl?télt@ glslggdﬁ ﬁ‘?%tl Iaf:)}% ﬁg&g{]%ﬁh \gg&yﬂg&e}ﬁ d[%?l}pfl ?ﬁne controls the
poteptigldudd of pfod03Gpr iaicnefuell, yetamaiat dflighe pfodiicts figat are not useful for

rization of the paraffinic hydrocarbons and the
dleS%‘cnge Otf |38H‘§0% uef ppad tacotieneBzedimerma biko af befh apiatian and giesel range

fuel C or = h?g‘iﬁ Q&{t ﬂ&i [ﬂgolgéh %agaggs\fgﬁg ?@%.l?(?l%gétlon conditions in an

Ther oug a nal
attelhptctb m@amuhmegr&aﬂmygmabkmg ocanting J0N] Zeh ipafffet fRfcule
kﬁ paraffinic h drocarbon fraction suitable for use

wOou

eX@F’é%@F onfyed sipgle ég IQCIRFEAG PYRI aehissalbnthat onglehedrefracking
eventt Wolild s P ‘Pea?la({lﬂ%fpfa{a@fn? upt%g Q58 qu%rE ﬁa%'ntn%glbee {a?lrg% "Cofeful
uel,” or a

as an avi ation a conp onen or avil

choitwel catadysa hsd @@ bithe proclss ddnﬂiﬂﬁ)hg ai th¥ @offerizitich zone both
concept, a concentration of paraffins forned from
max piEes A SN paedrsisdR ke avasiondnelyanaesvhils migimigingsthp production of the

11g,ht3;aoVI R4t ar@qgf ﬁseﬁﬁ?{! eﬂﬂﬁlggegﬁ,leggér/ Vlzﬁlon(%r %app Acatlons

a range o

[003pDr t IRmral gfeciﬂéetldlﬂrai’@ﬂypﬁaﬂﬁﬁ(ﬁtl bagedaipbnlcsm muABEr fafges. Instead,

branched Parafflns but the
the specifications ror different types of fuels are often expressed through acceptable ranges of
chemical and physical requirements of the fuel. For example, aviation turbine fuels, a
kerosene type fuel including JP-8, are specified by MIL-DTL-83133, JP-4, a blend of
gasoline, kerosene and light distillates, is specified by MIL-DTL-5624 and JP-5 a kerosene
type fuel with low volatility and high flash point is also specified by MIL-DTL-5624, with the

written specification of each being periodically revised. Often a distillation range from 10
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carbon nunber range of paraffins does not alter with
i sonerization al one. However, some hydrocracking wll
woeemanswencurrently with the isonerization, gePEr/E$100037072
paraf fins having boiling points from 1500C to 3000C
which is lower than that of the mgjority of Cl5 to C18
paraffins produced in the deoxygenation reaction zone.
The 1500C to 3000C boiling point range neets nany
percaui mtovered el fimpbailihg paint snsednda kanpdriveetef dafmidyedifferent types of
separated fromthe other boilin oint _ranges after
ruely 13 GyfiBrpaararen sonacat Bicaered B pooNLEeN Hietd Bitbon D258
Thefd#6ie. bididige W Jiikfe{eﬁy\@(gmé&ﬁnﬁ\{ﬁ btlek ];cy fn]%l-:tQhé) %pegifﬁﬁt%n s l{]ﬁite
but all ows™the production of two fuel products: a
comghiaes ®Whifeub¢ awndorafue hpriodtdt ofi tHeyetsenileeionaessmea \aetaiby fuel
i.n the i.sonmerizatjon zo controls the potential yield
Spe%ﬁcaﬁ%% dics ef%ﬁﬂ@ﬁ%&ﬂ%ﬁﬁﬂ@m}g ¢iHee arpdF Vgt otheigending
bR Sy bE &t t Hationy.
compRa TRy pRRaREE g ke hctred 96 of K3 ShocliilioRl 1 oy ords, one
prodavi aft thsrineantiodiies edmpaitgm Whieh ma¥ibve ubydiwik baek tdrgparknts to form
controll ed through catal.yst choice and reaction

a fuglgpgeritipg ghisastong AT Hierserptications Egayjagion ik sybigsd B-ffThe desired
w508 DAL RO o S BB gy comen

of aeleen 5%y vadeatbl y t hat singl e hydrocracki ng event
woul d result in at |east one paraffin in the C9 to Cl15

[00323 pohheatabists ofdhgyuibiechprasssh cenks loamulpted asiag jnsustangandard

techﬁ%lﬂésr. Elm bettﬁaﬁlu@{cﬂﬁ&?ﬁl tﬁ?fbglintcjf %Qghﬁc[hcw&tﬂuﬁ]é)cﬁM £5 idl%ﬂleter of

zone both maximzes paraffin products in the aviation

fronf Oed tor AR gen W3R i 1B mh)ZTigedidigst paroist@hdedn af§ othBedesired form
light paraffins that are not useful for either diesel

suchay@) spre qupeltef- die eyErdaigipry baimifomas othgrohar a gligler such as the form

of a SRAGnbivE iR hét sh i &@hﬂe P{%s%gg?lﬁi?%gﬁ} t‘éHR{‘?rgr?&&%‘ diffusional

nunber ranges. Instead, ons
distaicé depresstiretdrgpes of fuel s are often expressed through
accept abl e ranges of chem cal and physi cal

[0033¢ qui Hherdtisem Maineskatiesel reaegpnsehabren caameheytothe final effluent
stregerlxlrﬂgi? g%g gg#ggesgd 6@0@{&%%}}%@% g%gr#%l_n f{té’ﬁgltg gfét% a‘é?éagf two purified

hydigeabbn p@dudtetrosas)@nanskfll ght diekes filel badiese] fies bﬁ:ﬁ@i@a’ﬁ cb@@onent
by ML-DTL-5624 and JP-5 a kerosene t%tge fuel with low
and g ggegndl pafyl agdyiation hudl opamayation fuekblgnding spraporienk dhthgast a third
. - - | t | tten Lfication of eac
ey S0t ol DS LR EPEROEG] 681 PR PR

[0034] oM WRReKEMMucht8GOMB 0f theliSorferizatiah akPididonige RYArBEratiéing zone
used as a key paraneter defining different types of '
comprpeng botiriadiqyidedmpaneniomd arganepmis camporgndi \asibhy perdasefarhich

STM, Test. Met hod..D 86 or 887.. Therefore, blendin

mayg)?. r%yglfeg,rnéﬁlﬁlpceps%%rﬁté%r{ gteﬁ)snmaa eFm?lgy?é &%r ?)}ﬁéﬁplc.:, hyHrogetg may be
first SEREED @Al kOriedifatioh etficROIBFRAtor WitH e b&RarAdd Rfdr@Rnlbésle

product of the present invention nay neet aviation
remgvgdiin apevarhadatreansiuilable epesting corditiomeaf thoivembtisnivnreffluent
sepapaftortixqc“alu(?er, ?grue%tam\ﬁﬁet, Q te%phe%tm%l o‘%l}q)b‘r@and a pressure of 4100 kPa absolute
(600 psia). If there is a low concentration of carbon oxides, or the carbon oxides are removed,
the hydrogen may be recycled back to the hot high pressure hydrogen stripper for use both as
a rectification gas and to combine with the remainder as a bottoms stream. The remainder is

passed to the isomerization reaction zone and thus the hydrogen becomes a component of the
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conmponents may be required to neet the desired set of
fuel specifications. In other words, one product of
W@ hiog/15wyEnti on i s a conposition which my be PCEUS209/087072
ot her conponents to forma fuel neeting at | east one
of the specifications for aviation fuel such as JP-8.
The desired aviation fuel product is a highly
paraffinic distillate fuel conponent having a paraffin
isorneitatinh rakction zdreaded StMm)n vRlet Eprol A0 3% nelBRary hydrogen partial
catal ysts of the subject process can be fornul ateéd
presgyfen §O1 the iraetoy. LhediydEagan issdlsm? traetent inthqdgpxgenation reactors, and

ot RLASHSRSS A0 BEENR Y R PSHoncre
sepdra®r allgws Hbebitiag fulr Yisd proedds beopiRale el dh whdh l@fg@?ﬁmgﬁﬁé b€kl drogen
a

form such as_a sphere orﬁpellet. The extrudate may be
are copsppieddn hedist reaphion Zors Furbermose @hleass atfoatidroefithe fengainder or

| - N h whi ch h d . o
o IRV 85y 061 300 B A BB o

readtion pond 0dSkasthie dédreadh igdhaiAagn.af ter all reactions
have been carried out, the final effluent stream is
[003-w plBe esrder bf egspramizaden effiuentsdiontatremnva bé ppdrbgen still has

. i I t urifi.ed. hydrocar bon, product .
N e A R e e
coobh el NgsiQRABRIYep@athr WhSRCAR fqHid@bHIpoAcht & ée%t!u‘a d from the

fuel or an aviation fuel blendizg conponent . ast
gasepus FPIRBONeng uiablg operatimgeonsidiane wé tescotibteparstr iclade, for example,

' [ atd fuel i | d,_.[.0034], Wth
a ey, 2810 Bl ek FoBRRRPERPURE oot ot ek prtee
bypfodetcaeaaki ilgo Zard MR 1dasd 18orB6M Bf te ligAidl SniRARRNGR; )(/:ooling

and a gaseous conponent, various portions of which ma
and pepapasipg dTasg therggheoup cempensat. andydre re¢yspesl bualy tdehe isomerization zone

o RS e EO RRIPLp 0SRR R%H P R cc o

the iSexpariatkiod ahy silegra h?@ﬂoeﬁickiﬁg%ﬁedemﬁerﬁ@néfw&%ﬁ%ed with the hot
. .Stream_ Suitable operating conditions of the
high; pygysiase; bydragen seipppieisrhesd pacam.ond ithciesiling é@mbiexdstras may be

. nerature qf 2300C and a pressure of 4100 kPa
unng%ééﬂﬁﬁg%%ggﬁssgggo; If there is a |l ow concentration

[0036] cCaTtOifgeX totBoneAf cddnC@RE lﬁg&o@%b&%‘%s@fu? a$ &Y Bl and aviation
t he hydrogen may be recycl ed back to the hot hig

fuel g igsehing vgenhydre¢ashas ahdrviaten bel tangs hadrocarbons,

respb Tk B B lRfer FGp S of R ind 1548 I seBaig Hid
compGRAETs FEAkdrPirifieR Gt 4 HRIZQTRCABGhHAYSnd Qﬁicﬂ%%a?&@ﬂo&vﬁé boiling

econes a conponent of theisonerization reaction z
compenggitsgmd aényel vied ganes ato tw LBGonid dephithe streae an aviation range product;

hydr ogen partial, pressures for the reactor, The .
and 5t 33RO E o R AR {Snaiss aEbepgrehat siplacion zone
inclid@aGéaperatudnk febhih f BT BNSoJ € QH BeQFKihel hid &Pt'%%ﬁ?@from 0to 1379
di fferent anmounts of hydrogen. The 1sonerization
kPa gfsplugee(@tto 200 psia). The conditions of the distillation zone may be adjusted to
control the relative amounts of hydrocarbon contained in the aviation range product stream
and the diesel range product stream.
[0037] The LPG and naphtha stream may be further separated in a debutanizer or

depropanizer in order to separate the LPG into an overhead stream, leaving the naphtha in a

bottoms stream. Suitable operating conditions of this unit include a temperature of from 20
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separator allows flexibility for the process to

operate even when | arger anounts of hydrogen are
waeonsusee in the first reaction zone. Further nBEBEUSHDI/037072

| east a portion of the remai nder or bottons stream of

the isonerization effluent separator may be recycl ed

to the isonerization reaction zone to increase the

degree of isomerization. [0035] The renmi nder of the

to J0DeMref thé avérBaceddd dmeisuaf fr@h ¢ fe 27 59MNAdbs6futddb 206 Bsia). The
still has |iquid and gaseous conmponents and i s cool ed,

LP(pinay be nelid ga aglughle profiicormals used impthpppreeessesoiurngs afedd to a

to.a cold separatar where the |iquid conponent
s PSR B D SRR LB RS b & SRR, s o
the RPE A4 hiGogstoduceins fafilidyhe col d separator include,
for exanple, a tenperature of 20 to 600C and a

[003$] es sliranogfer g@bodikPat, alsinglasfractios €0lupwi myy beopwasted to provide four

b t ream i | so.separated. At .| east ortion
suef oAy RS PEHT et e o e PR e fpiom of
the &d1@th ! FRr&ARRAY SuiEBIPRPER in alBYiab6n FRE YGhARLdBRK a Fidst side-cut,

the isomerization zone to increase the degree of

hydiosanens ingh¢ naphtiRyiange hengremved in 4 fpeondsitt-a pad theqropane and
. he, remai nder of the isoperizatiqn a sel ective ) !
light ST GEP BERTE DDA CSPTETL R 6 CHUmBo e Ep N ERbeignent, a firs

frachi®itatibh @BIUBIEHEHEP RV AGM0ArbbIRNARERDP HEHBRAIn S AFSAN fuels into a
and the resulting conbined stream may be | ntroduced

bottpms etreans a0d pbpsepdight ends, Ind0@EhthT wo lah guérticainpome Atsecond
cont.ai ns, the hydrocarbons useful ,as di esel fuel and .
fracGRLB SRt PPl SHtauy (e Jan R e Fuabls o Boda o diesel

fuel 3te adbttdink QRed 8f theRBAGHMMANBRASRMIASs sliBBRESE 136h ¥in a®Sition fuel
well as smaller anpbunts of naphtha and LPG The

intoge paerheabsticamuidhe grponewbilé s thindrftdvapngionicbluech may he employed
roduct fractionati pn zone whi ch separ at ower
to s s ol HORE b B SIS Bt Bt ERRE AP FHIL prsoy dividing

wallr@nﬁﬁﬂgqnggee@ﬁmo%_avi ation range product; and a
di esel range product. Suitable operating conditions of

[003%e pFlodepsratigsonditians afithe omeor motedthetiandtienpeluatng meaydfe used to

from20 t 0QC.at the overhead and a pressure fromO
contq) U 7gobaf s eartpts (ot B0 HaraR intheh o sagmas well a
the @mpoBiofllof tHe Hydtdcatbod AR BN itRE: 2B il §£c%cgt&91np?%&? lrcl)gerating

the rel ative anmounts of hydrocarbon contai ned
varigblé¢savélbknavenmigehpdivtllatonsttrieelmiaoadumheerdpastate, calogm pressure

roduct strea .0037] The LPG. a napht ha stream nmay

(VaCB‘émf“& P‘?%V&rat@ai%%\? etFLiux rafigy éaﬁf f@ﬂﬁ(fefﬁeom@é@é daging gplumn
varidblesOhé\&vet Qs 8RRAG Qgﬁstttﬂgv%%ﬁé ePatd a@&i%rtgls Bldt}%tdfs‘?iﬁmion

| eavi ng the naphtha 1n a bottoms stream I'table
coluompe rlatrehgre clondistiliatios vefialilés me adjusted mithuekpeet to a particular feedstock
.t er%er ture of from 20taq 2000C at the overhead and a
in OIgPLIOAGRIEVE § HRSTAC SYERPIRIEY Shssbbrafect (ent gelscigsipt pipperties.
Tabl1&hows the effect on product properties from two hydrocarbon feeds by adjusting the
final boiling temperature. The feeds A and B were processed from the same vegetable
feedstock under identical hydrogenation and deoxygenation conditions but somewhat
different isomerization and selective hydrocracking conditions. As a result feeds A and B
differed in the iso/normal ratio and cloud point. Initial boiling point of the aviation fuel cut
remained constant (150°C). The examples in Table 1 clearly show that achieving the desired

kerosene (jet fuel) product is a function not only of specific boiling range but also
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LPG may be sol d as val uabl e product or nmay be used in

ot her processes such as a feed to a hydrogen
w@e@dastepon facility. Simlarly, the naphtha nmegr/bs2009/037072

used in other processes, such as the feed to a

hydr ogen production facility. [0038] In another

enbodi nent, a single fraction columm nay be operated

to provide four streans, with the hydrocarbons
isorseriizedbloemblqraraffie rativ. Thdrepakd freele potimakeskel fam dpbeific aviation

tom of the col um, hydrocarbons suitable for use in )
fuela?# O £ RIS P ¢761 PO HSCAIOB AT § b fuicd fcred B Therefore the desired
I Ng. Vi

opeHEREAERAGS i d PR AR5 DL A IR NSl g e coveop
witht esgpace b the spatifivgobeadefirem t he col um. I n yet anot her

enbodi nent, a first fractionation colum may separate

t he hydrocarbons usef ul |n di esel and avi ation fuels

into a bottoms stream and %Bbﬁdne li ght ends, and

napht h] [0 A oV R Rt T A Ry Y

fracti ongt.i|ofeeggl uMm nay 0 ‘separ at eF{eﬁZee
hydr ocar bons sui|t ahildeB PoCCyse |(msoandihﬁsel f paihe i°0y 9 a
bot t onsl-strleamgf the columland hydrocarbons suitable
for use iln |ardavi ati o#8¥ uel into ahaover hg¢ad si% eam of
t he col ummwirte a tihyydfractionation—ec¢turpayibe
enpl oyed 't q sepdrate ?%e napht ha r%ﬁge hydr ocarbons
fromt he 3prjopgang and 24sght ends. Afgo, di yi di ngg walll
col umsl. may he dnpl oyed. [00B89] The operating
condi tijords |[ofBt he one2™r nore fract.bonati on codumms
may be ‘wsed—to—controt—the—afpunt—ef—thehydrocarbons
that are withdrawn in each of the streans as well as

[00407€ COTROSRE hicQht Qﬁve‘hh@n h Ha@C 86 RR N9, )fa‘i/ 18n Yiel P{jﬁvq}ﬂ%n fuel
in each stream Typical operating varla es we

blendmg donpdnentickh he iwnvered. Theoludeodibssifuel empey fdmr ) to 80 wt.-%.

Thefeg?re dg:fg: %}11@?/'115 Ej@ ‘[Tgé %@S\?ﬂ%%/ 8{) 1eg ok her I C) %Yegf;tlon range fuel
Ly, 0
is achidvied! bh%%al:ﬂl@%f/ @1@ préducPRlt %ﬁa‘bglﬁgjta;dﬁtthé lll?%]n ‘2‘2%- uH ligher amounts of

tenperature at the top of t I at

aVIaH‘he rage feel ishgodicet bl liatreasmguhe sevbtinsofaheisantptisdiod redctdt. As the

ect to a particular feedstock in order to achieve
ProcESy NIy dtissE anore B fimeracing ogeiia s mer%taqn Heekiton zone,

I T
G heoROSHEIA SEurR R BRI B8l B T emaining
dlesalcffasrsbn mgll hlve hiwvenahighei deigreg of évvperiattivne. The f eeds A
t he sane vegetabl e feedstock

d rocessed fr
(004 ger ﬁf‘eﬁélf th sy higet Arinarms essR9R5e Aerditimn severity of the
|
o TS SR AL 11 T SRy o
In tha fm;td;aﬁ IﬂH}flfIElhEdileﬂiCﬂ] is ;Isredm@d/and) el dioairbonsaii thecdvatthn fuel range

oi n |t€ boi | ing point of the aviation fuel cut
remain in the dlesel uel fraction. The 1somerization severity remains the same in the second

case but now the aviation fuel is separated in a fractionation zone. Diesel fuel amount is
decreased while 10 wt.-% to 20 wt.-% aviation fuel is removed. In case three the severity of
the isomerization zone is increased and higher hydrocracking levels result in more aviation
fuel and less diesel. Also, since the hydrocracking reaction is not totally selective the amount
of light products also increase. The severity of the isomerization reactor can be increased
through many approaches, including higher temperatures, lower space velocity, different

pressure, different hydrogen concentrations, or any combination of these. The last case
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remai ned constant (1500C). The exanples in Table 1

clearly show that achieving the desired kerosene (jet
wo e@b)ispenduct is a function not only of speciPCTUS2009/037072

boi l i ng range but al soi sonerized/ normal paraffin

ratio. The required freeze point changes for a

specific aviation fuel. For exanple, Freeze point

specification for JP-8 jet fuel is - 470C. Therefore
resitltyen desimed agjpeivafuaigt thahighestgrrscekosevehig. I/ARGUET ¢GERA@B little
. reactor and the distjllation colum nust develop wth
dleSFgg’ﬁLEefn%s ‘t"h‘ge g é’E‘?dl’-‘F%Ofb?fo‘éﬁi’éﬁt inggeaser wlstantByE 1

[0040] Wth the present invention, at least 10 wt.-%

of aviation fuel or aviation fuel blending conponent

can be recovered. The wt.-PABLE® esel fuel ranges from

10+0-80-wWw-—-% Therefore wide flexibility in the

relative amounts of dijesel rangel fuel and avAwditioon Light

range fuel is achieved. THsessal anclieedf Fedie |prBekict | i snaterials
Caggo : | i ghSe¥¥ilys  |Hi gHw%)anmnint(Wioet (Wt%)
#1 Maxigun dieseldusle f uel & prdidced by 1h8¥easiing Ohe |  20-30%

#2 Minjirayry p .d'éﬁ“m?hféigi“sorre i zation refctor. As tlhe process
wit on {ygl lioNrpr e h\JMlIFinr‘r arki@QJ7Q%‘(‘llr s1Q-#0% h 20-30%

#_3H?§b¢fﬁvi§§<mfpﬁmeldéa'é’ni oh zone, shiffting a porntion of|the

| diegg! grodyctiona|  + o avi ation Elgdtedan t h#0-5Q%ht er20-25% 25-40%
#4 [tighest pedtion fuphdeldsemiien| ng di esel [fraction will also
minyaigiag lghks gher degree pf j Sigher i zat | 31110% 004130-35b| e 25-40%

#5 Mﬁximﬁmtahiaﬁ'qydmir al _effect Sefere ncrleasii@fepr 0¢edB45% 45-50%

condition severity of the isonerization reactor on the
unt of .diesel fuel, avjatio uel, and |ight )
(00T et Be arodic 4‘??81%“8%5“%8%5%& eRvAivel s yplzpgenating
and BEIYEREAnERE @ 2dB¥ ITIRCRERA Sreah hiAFbEMkal q[glgl tfléjﬁioduct

range remain in the diesel fuel fraction.
hydiosariren btzeam aftersk/kydrogenatérgaindsleotygesaing réactor3paseepadtion of

2528 e but now t(gre a id%%I n fug,lé( IS separated in a.
BAPHALVPBNEL PotP 25 cirasE & thedurirogemiiing apddegeyecadugreactor(s). Or
the BYdI@stAddmWhay BR faRe Bodf the Off@éhtta(?]f' élosjiggirgt%n lﬁrﬁit‘, EIPY%E ot high

In case three the severlty 0 omeril zatl on zone
prespwre senaratars babamd detwagh elie depdygannaakieagidneaonk and gubdmdrixation

re avi,ation fuel and | ess diesel. Also, since the
reacl{(3h Pogiey AIEFTG Pleblidroiiran et BiR Py exauinks pilpbhigh@ressure

sepaPdTBUia @fd higl PresPiRdMSE S0 B 1d3H 2858 dbG ilsl?e%{:%s%.{%aﬁld used as

of the. i sonmeri zati on reactor “can be | ncreased
coolrmuaychdppidbavesy therbetiuoli the devxylerative rgetiod boreSo fl®hie Control the

space.velocity, different pressure, different hydrogen
heat S ERAE o 3 RspEide Ghenchy ishig REETESRCiB. Thsacle piigam ayy be

introd BRI B S fnfet bﬁtﬁ@éb%ﬁ}: .n%iicgﬂnszﬁé eufb?/?li P)gan&: sggs%?lgent beds or

process severity. At”"“such conditions ese
reactogte One damdfiiof vitw Hydrddashopreduletis ancaptrol ihghdBpdrivaread@across the

O T A £ N i RN T
deteMViHEPBRBALPEWBthe desired hydrogen solubility in the reaction zone. Increasing the
hydrogen solubility in the reaction mixture allows for successful operation at lower pressures,
and thus reduced cost. Operating with high recycle and maintaining high levels of hydrogen
in the liquid phase helps dissipate hot spots at the catalyst surface and reduces the formation
of undesirable heavy components which lead to coking and catalyst deactivation.

[0043] Optionally the process may employ a steam reforming zone in order to provide

hydrogen to the hydrogenation/deoxygenation zone and isomerization zone. The steam
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and deoxygenating reaction zone. The recycle stream
may be taken fromthe product hydrocarbon stream after
w0 b@ohydsngenat i ng and deoxygenati ng react or ( SPCHIOBS2009/037072
separation of gaseous conponents, and recycled back to
t he hydrogenati ng and deoxygenating reactor(s). O the
recycle streamnmay be taken fromthe effluent of a
separation unit, such as a hot high pressure
refosepgrpacaess, is hocdtkadwhehweenl froessifopygaciag hodrop@ratd ©the most
zone and tgﬁfisonerization reaction zone. A portion of
COHWHVB?@%!%P Rdusnedyidrases oy hydspecaseadspiaon gxide mixigh A
: - [ : tor
By A LR RN E S5y Rl PRER R R AR Rifparocen.
and ¢hesradionlox ek chattehwaeioxideand estbodiok de. SIaeig esficriifgreaction is
reaction zone to further control the heat of reaction
Strongy © TR BEAS TR be yapliedrte theapgtays mukiase, suches by bgating the tubes
; j ipl-et. h .
e R S Ray e  SRE R RE o el i Soli sefoupipe o
call@bditalyic paeat boidstionONhis pestess differk flofecdmlgticotanb@forming in that the
recycle is to control the tenperature rise across the
heatji, gl By the daial Tiswea) gpmbugsion of thg decdgoglowith oxygea or air, and not
C [ LN
supRg e, L XREGRD IR LR TE BT Bt FATRE depends on e
tempezatatei of thezgan deaving aliccasdlyyg dkheehydit0ge m §6kadt b t7poido 950°C
the reaction mxture allows for successful operation
are ypicpl frsony vl hydrocarvan reterning Riesswres Bay rangp ap & HAY kPa
i j c i.ntalni hi gh | evel s  of .
b g oA S e Ry b Ry O e S B wp igote or
use mtthd presemainabytidn. surf ace and reduces the formati on of

undesi rabl e heavy cggﬁonents which | ead to coking and
10043} ¢ o) hyncallyananyrglgas grfhe mosiazpdomyingte fegrstock tha spraprisfeming

y y: ' ' rder rovide.
R 2y AT LB Bl G O e
produsts ey ibz gthadited Ady of the rédceamy eO.For BgarRFIOGR B debx Penation

wel | known chem cal process for{Producing hydr ogen,
ZOnNC, REPPARS I AEORPIN bo/dwglﬁt- fashen&d toC3mamdlies may be/piesrgens well. These

light@ly &Hnﬁé%%@r)l(t? 8{}@ b& 5&)%55?%@&?’?3 ct:lgi (f%s/i%dg;gd icérb&gtgé ﬁ%o%&é’e%@ti&? gﬂ]uent and

stea I's™C
routddetoiies dant £fdrifirone Myrth® g@RratidN df hjiRogal Hianlathy] HhesfHins having
. . carbon nonoxi de and car bon di oxi de. Since the
eight @rless g pemstiosn the stidienbefghs isemanization @prs, minebe camdudted to the

i e ctan 1 xture, such as b o
refording URR. TRGref R ATk I B epaion and
hydrogtpekigf zonteasudiredied, Along with saeif! B BRtmmeZ8AdNN e réb&Ring zone,

called catalytic partial oxidation. This Erocess
the lighter Bydsogarhsms and siFam pxe cotabienlbyeanted tegoinmhydregentand carbon

. ' i. the partial .inter conbustion of .
o R o L SRl TR e o
leasthiydridp@ntoadd RadRn z6A¢!Cifiondlly, BRMGHRen A b@ggf)ldﬁtedcfﬁohné the carbon

_.reform ng achi eved depends on the tenperature of
oxideggeneratgd ith e sisamagefoanipg reactisu, tand dresepatted bpdrpgentrhay be recycled

to angl RS rgafctiZIQ an%s.t§mc%§1%8%gen is an expensive resource, generating at least a
portion of the required hydrogen from the undesired products of the reaction zones can decrease
the cost of the process. This feature becomes more valuable when an external source of

hydrogen is not readily available.
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are typical for conventional hydrocarbon reform ng.
Pressures may range up to 4000 kPa absol ute. Steam
wo edoonsienyy cat al ysts are well known and convene¢Dns1009/037072
catal ysts are suitable for use in the present
i nvention. [0044] Typically, natural gas is the nost
predom nate feedstock to a steamreform ng process.
However, in the present invention, hydrocarbons that
[00431] € t Bl alighiatiVeOFmbJdemeld SdatediceRe BlgSndVEE diloyed instead of steam
generated at any of the reaction zones. For exanple,
refoyrping Ha adydisa) g@tﬁéﬂp sHoFH AR ZoNgr Bip sevetions incledsrdebyrrpgenation,
r cl . Other .10 ffins b resent a .
aen Rk W ifer b BRI RE T TR oG B GRER P B opicany

will bB ehedREVdre@omReriLadtion opilkibRlsiRaMMEGA0 AlkyRFcIBhddah@&Ntheand
routed to the steamreformng zone for the generation

dehygirogepetiangd paraffing tp alefips, tradehipdrogenatien phgyclohgianesto | ess

roon atons, fromthe effl.uent of.the i.sonerizati
ko LB R AR b HE R, acB Ry h R ! Rl o
arontdties. afhe idmeriR&id @ididhs Mefubéd RbSeriZ0i6h bh& paraffins to isoparaffins, the

deoxygenation, isonerization and hydrocracking zones
hydrgpsemgiizasion @f olefinbiogsepiaratiins puhihe isooerzatiohof sihyytutedeomatics.

n.the reformng.zone, the |ighter hydrocarbons and.
The bPubefefifi Baiany s BRI Pt gt PR BrogemaLAton of the o
paraffads RO Bro@tiekes gerddigllysdoRgidere® ibeMifitly BEREbE bhefRYe H8he high octane
_recycled to any of the reaction zones to provide at
rating o dre rpgpdfingpeematis prhiduat.dadiis epplizging, thohydioped geperateddy the

wydr.ogen be separ at fromth ar hon, oxi.des .
reacl PRSP R F doe Ak RaTEhTER: B e gnation zone.
The B§Ragc Reletiied iPBETIFERY aRfof BE Vakesh iReaMe of the

reaction zones. Since hydrogen is an expensive
hydrpgenstipw/deoxyganation rong. &e 1Moswsiratipnong, iapth oothe s¢lective hydrocracking
requi red hydrogen fromthe undesired products of the

zone .
reacti on zones can decrease the cost of the process.

[0046D1 s T RAMEIEFITS A0TRDpBRIR dMBIMAY Be YRLTicatbrR 6k Bl ation
source of hydrogen is not readily avail able.[0045] In

compeneal andrthadiesed cemparginnterbe prasticed. yihe operatbothen dgemeiyestbe yield of

T N
parafh@lR¥HoNORN AL Sitratielty G By Hel FRtatiRR coldRIE bf dRlidodrization and

and hydrocracki ng. The dehydrogenation reactions
seleatiyp hpdrpgenatipn rorieand Hee apetaiig odrslgines of theifimnti@fation zone to control

e Y RAEL AT G SRR B pcasions an it

met. ABBY 4 F QRBRABE FQAstBEK EahON SHANERay sk Ioh i loBRGHaR el Bree
and the dehydrocyclization of acyclic paraffins and

druna éyesimbgnegl veith resydlogasrsonan 68 end itayclé stomaer I6ztatforoncombined feed
reagctions jncluded isonerizatign of p-paraffing.to

streapru 36 whicheln hedl exhapgad i AGR < desnd rbhbp iepisdingo

deoxly8QRA6RfhéD84. ﬁﬁ%eﬁt@cﬂﬁgé@fay 8&kuk BEoRS orSitbSthé }éé?ﬂg is combined
aromati cs. The hydrocracking reactions include e

with thyedieat Drokygegato rpartaf4 masconkivemattipieliddz sidvanascla, 4thand 4c.

npar af fi ns . . .
DCOX}%CH&UOH reactor 4 contains at least one catalyst capable of catalyzing decarboxylation

and/or hydrodeoxygenation of the feedstock to remove oxygen. Deoxygenation reactor effluent
stream 6 containing the products of the decarboxylation and/or hydrodeoxygenation reactions is
removed from deoxygenation reactor 4 and heat exchanged with stream 20 containing feed to

the deoxygenation reactor. Stream 6 comprises a liquid component containing largely normal
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to aromatics is generally considered to be highly
desirabl e because of the high octane rating of the
w0 e®ahsiepyy aromati c product. In this applicatiper/usives/ 037072
hydr ogen generated by the reactions is also a highly
desired product, for it is recycled to at least the
deoxygenati on zone. The hydrogen generated is recycl ed
to any of the reaction zones, the
Pardﬁk}m}‘ly\;g@@abdn@ il the diepgjdodingomeeané g’ashaeusi sonEnegabnaming largely
hvdZ and or the eI ectlvg ngro rac zone. [0046]
y FP@F‘MVH’&OYP‘&S e o 0’% HengPer 4GP G ri‘fl 8P
ecl 1
oo esePb‘%%{%%%%ﬁ?%&s"‘ B2 O RACEN e A0t gt pressure
hyddngtlestnpm§ Make yp bydtogdn indioh 1€ onjiddedhintd @vot;mﬂmmdsﬂm 10a and

e sti nmeetin esjre specC flcatlons
10b, Maken ‘va’é‘Pé‘? %tr‘ﬁgmﬁgéf 318? wgogwéfﬁ Pt bl @Pfrﬂlwéydm@n stripper
s 1RO FLROT Sl SRR AN o Bygonaton et

effheon@istseipngvety sttipgedffra thedigald comppoee of decﬁ@gérraﬁbn tehetor effluent 6
produced and separated so

.sla f d b b
o B B B G AL A P 22
DB IS R4 SO VA B0, WA,

of tiggsomne dasal@fivelydepaeaytine st highmrdsSue hyfiopen aopj Beﬁhead stream

'glped stream 2 whi ch i s heat exchanged with reactor
14. The epiamingiiid $rImPanRRi e dERwEcHaN0B rensiox kARG eamprising primarily

f
no 5 S LAGh SHRRERIE TRL2PCEH' BRICLBRERIARE 100
remoedas bot Mgmpmsmmﬁyalmgenudrtppm ettbadl?. shown as 4a, 4b
| east one

enatl on reactor 4 contains at
W"@it al »5@9“ Ptehl PIESYUE ByArQesn QBPRERIKPME{P1aH raqyglesiream 16
and mc%ﬁm%w&%eéwm Lot ERES 106Kk B MR Reel5H ORther
oxygenatl on reactor eftluent ream contal nin e
pOI‘t]KDnCOJ(ﬂ uede steainh 86, dptaiab sxephalGapmagbelfoied d1rectly to deoxygenation
hydr odeoxygenation reactions is renoved fr

reacys 5,8 EiRtliesd of wigrstage lacatios sches E%Wﬁ‘h@@d nd s pickerhetveen
bedsztﬁv :&9%2‘5 Bidef of %&%ﬁl@ b Eiglugﬁegg)‘é&‘aﬂé“c{> bl Lﬁ{%%r%mder of hot high

npri ses
presi;u?te gﬁirygdncsmmlepbdta)frﬂsl m sdnemh DZ:arcbﬁibi?neti withltgdebges ﬁlream 10b to form
Bm l'ing range and aseous  .conmponent cont ai ni n&@
compiged, étr‘vnh LavBigh i rov &t Sorgerigatign andselasgve hyshestadking reactor 22.

Streif118 919:1 ;ﬂﬁt‘%ﬁc&ﬂg%ﬁ gﬁlemgz%%ﬂua B‘f‘%ﬁ?ﬁgg {ion

reacto uent diTr ec 0 hot high

[0049] es SThegprbdidt ofyaa issinetipnion afd sdWdtiee UpdrbyEEieg BfActoNcdtdifing a
10 is divided into two portions, stream 10a and 10b.

gasCRIROTRN Pfyrydragemandprapans and abé?npfsedavasftfﬁnﬁﬂn@md diguidtpertion is
rem&%& umu%]%ﬁ Engf at %pp%/rgi chag ?x%%ﬂéeﬁpﬁ{ st%a pSol}:l oclr%lg?& 1116(%

pressure ogen aseous co
hydrdgoxygenat 26 IThE eacrhedd sﬁfe&h 28 IfionﬁhYdio |sesdrat¥€dd/contains primarily

hydrggggllc\y}gghd@;; ng gefqltjcelgi ll)a%lli Itc(>:i hcg:t%gilo[?reesgflreohydrdo?ggﬁ( gt?lggearttgl ggttom stream
30 from hydrogen separator 26 is air cooled using air cooler 32 and introduced into product
separator 34. In product separator 34 the gaseous portion of the stream comprising hydrogen,
carbon monoxide, hydrogen sulfide, carbon dioxide and propane are removed in stream 36

while the liquid hydrocarbon portion of the stream is removed in stream 38. A water byproduct

stream 40 may also be removed from product separator 34. Stream 38 is introduced to product
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usi ng make-up hydrogen 10a and recycl e hydrogen 28.
The di ssol ved gaseous conponent conpri sing hydrogen,
WO 2ponses2 wat er, carbon nonoxi de, carbon di oxi PET/HSH0H037072
| east a portion of the propane, is selectively
separated into hot high pressure hydrogen stripper
overhead stream 14. The remaining |iquid conponent of
~deoxygenation reactor effluent 6 conprising primrily
stripper 4dvhegra campomentsiayingdrigher midvion volatitides afe @pu@tetl ont@4tream 44,
with a cetane nunber of 60 to 100 is renmoved as_hot
co P‘@"ﬁ“sp%%‘gﬁlﬂegb% faﬁ%%ofmaflﬁﬁéiﬁ?&d?me?ﬁdﬁ streagyAB Wit the
RaBdr @8 dRbelh@ecRoBBoRiBS SHLE WiKERAM | i i
remf or r?s recy%l e gs?t re ?n 16 aﬁggi sl, cgnbﬁﬁbél?jbﬁdtgﬁ%pgﬁgwaﬁﬁgme 46.
Strefmeldss mtedsded atmfi@ctianacr é8& twhichoopetanasdo f@acht@DPG Anobhahead 50
ortion.of rec e stream 16, optional stream 16a, nay
leav %I@BB%%BF?I@% %-y‘“tycPf &Bawg Hipest 120 At 108 A6 {1 b uggefo recycle at least
L FAMCRSmatzakiDh Sort tyf
apObeds 4a and i@land or epﬁ@%%tggﬁéﬁiﬁﬁgﬁ 4%§%ﬁ§§$rg$?he
amoont @ apaphféins that @k thonerizahpéraichedpadifins.ol . The
mai hder of hot hi gh pressure hydrogen stripper ,
1003951 o R Tapob o0 A o BB Rt PR Romidiy bg enseers Rastion of the
isomkRatdh Jrfidh: GAMR BRGSS" b R t
0 [ so?rer [ zat({H(tJn g@g ofﬂ E@Pgécsta?\f;egg tth? r l(?:r? E%I{P?Irl] %‘% ?{é}g}g‘%’gl&dxfﬁ.en sulfide,
carb8t dwaide bad pepatearhica tirectah@nggsemwiof Amirkaiesrberatd @Parate carbon

. I t ffl 24. [0049] The product of the
dlo’ﬁgfeg%%é%érgg%ﬁ? Qg |tf£§c‘tap9llestwglar E%“raﬁg%gﬁh@r eoskefdiydrogen, it is
e EHR20 80 % ERSEH, ARSLL 0 1o 96T IS, RLOBAOT, e

the qaehomvddekidenor anre@céd4 of suifiir adiitgining RbmPo@Intd) BAdrd&to Bepagtte sulfur
with stream 18, is introduced into hydrogen separator

COnBINg FREPGYEI K Faghon dinideaTerp ik ensspenDeeyaraens pesed
thrmt?%mh %’tst@ﬁn &rak B Y aHIY(%; %?%g%ﬁ#géﬁ]ﬁagg%?&%b%ﬁg%/%ﬁ? WRRGKe first

I gh pressure
amirstabeaher30né H6.rTHe\adringensappaeaiploydd iri Brsedrming 6QLBEr 56 is capable
sing air cooler 32 and introduced into product

of seleey!yfarovang atlepspheshy theconwppagnt frinigrest abemadiewids and the sulfur
comEL Pl 8,2 LA SEENE 5408, IR GRTRN g
BASH;, end iarone echbbdinght thaamafes wheid oinbedlor getivdtel yibtiogdietablamine
ortjon of the streamis renoved in stream 38. A water
(MDD, S E 6307 Bamhet ki oROSEee Telved K Y. Siigtle amines
for { AL ag’s%rr)begzéfmtﬁ %@W ﬂl&ﬁ(’ieotﬂ? gﬁg%l{ﬁ)LTM AP rs]eer}es solvents such

product stri pper ere conponen ving hig
as APBO2QAP884 vAIPR06] AP81(andakRs IsiePhe adresh dibtiBe Sid 18ARgRA sulfide are
onents within the boiling range of aviation fue

abSO?bS?gTﬁé s ASRNE While thedrivogen piseqs thiquel Brrhamessrubbs zone and into
line gE% ?)fb%g%clrﬁ%g ?(i) ﬁl@@%ggﬁggn r%l P %ﬁlg gsrr% neEa% %rgng rtli(l)eﬁ l’s!lgl;on dioxide

eam 1S | roduce

and Hydaspeh onléitlo ire48embd ahd eprfed BSife®2s BRiRhe fikdP@miidd Dsorber zone,
over head 50 Ieavin? a naphtha bottons 52. Any of
regengiedaaIne Mayeds recycleq dor use agagn. iy reJeased eatberodipeidy endshyslrogen

sulfil$hne 62 are passed through second amine scrubber zone 58 which contains an amine
selective to hydrogen sulfide, but not selective to carbon dioxide. Again, suitable amines are
available from DOW and from BASF, and in one embodiment the amines are a promoted or
activated MDEA. Suitable amines for the second amine absorber zone from DOW include the

UCARSOL™ HS series solvents such as HS101, HS 102, HS103, HS104, HS115. Therefore
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a portion of the isonerization zone effluent back to
the isonerization zone to increase the anmount of
wo2@ansifepi ns that are i sonerized to branched pe¢EDUS$100%037072
[ 0050] The vapor stream 36 from product separator 34
contai ns the gaseous portion of the isonerization
ef fl uent which conprises at | east hydrogen, carbon
nonoxi de, hydrogen sul fide, carbon di oxi de and propane
the eanlebni doxiide pass@d:hltouglase;ysd amne fscrahbareombSharkdant® line 66. The amine

f
e B P SUEC GO Fifb b esenereq anine isthen
reus@@ S apd H}rdffd%eﬁ SQAYat fal B@ ré&%%d)@ecﬂe H&x?%&féﬂ&?%t%ed%ﬁggne

react or 4, it I1s not desirable to
Condaiobofor theoxisderudbearvne xebslss o fengeldture it traiga iofig0 to 60°C. The

nent s or der o separate sulfur containin
ﬁrst@@ﬁ%@ﬁéﬁpgefaw REA R W%H{%éﬁwa?twewneg%)p
“essehli@RMi36 rﬂe%ntptﬂﬁstﬁ? %J}Et‘?r?é]gﬁ}eé%ufey&{ (REOHRE a@S%rBe??SS\LItEI\ADH)34 kPa

am né absorbers d scrub ers, starting wt

absdline (130 plia)arfitineombs miglpeessaoné tietreactive zant. Fer exosyge, th@pressure
ber 56 js capabl e

be.employed in first a scru
of thefirgcihe éewrn@rm%e ﬁ’@%&? 33 S 1oh @seispanenist the reaction
t
sonk ECES ST ALOHE RGBS LFREDOIGHSs kst
(20 paradith @kl kP4 ateoiul@3s5 prid). f Aloon aBRSH, thafidt tha abyoeber is operated at a

enbodi the am nes are pr.onot ed or act.ivated
teml@*f-‘é%tﬂwg@eté% M g"ﬁ% lﬂéhf(r?m/s\ at ofghe separgor Keeping thepbpaapgys warmer
[
thar 1 SR PR 1 R Iy bR BRI B e Bl pRpind prevents
the light hyitecarms toARSO¢tisig 1Al% the absesbes@dlvant s such as

AP802 04, AP806, AP810 and AP814. The carbon
[00dil oxi Hee %ﬁawm&ﬁxag*@ksm presrattesyip igigroRaf s inKantigniang are not

intetfeldl a8 uh @& ML F’cg\g Q)nglgégeqé{)atllgrb%b% CI)%J (?fgthgwev@rﬁlljoﬁlge{susgp&[t in the

zone and i nto e’‘recyc
claimeacti on zone. The am ne is regenerated and the carbon
di oxi de_and hydrogen sulfide are released and renoved

[0052) | j Refingd, bl\?aqh%ﬂfﬁntirﬂéoqlqrr@fi (RRPh sovhsam pth atas hydregenated and
deo%?ﬂgs elglt c@%‘a‘ﬁ?b 91% tfl 8% ﬁégg é)&%r a ﬁ%«}%—%%ade%)(ﬁeggtlon catalyst

at3 EQCaBzelmme{dOG peigua Mssx:smo ani, ngd 8 (IMHORIT 72088 BBm’ (4000
ch contains an am ne selectlve to h dro en sul fide,

Scffhwc “hotlnEepwee A6 a0dedia sBBH A Gy AR Pi e SisidugibIof propane,
COxagh@%n%?(&%reasV?Ha%kalf?oé [h%?aM@%gocLurﬁg {%gﬁ‘%ﬁfs cg{ng)oser& almost

e amnes are a“pr or ac vate

enti¥I9EA.C 1SubtCllsl e paaifine STHeOfield RE e s PachfBibRAuadSar BBY in the
zone from DOW I ncl ude the UCARSOL?an) HS series

deoxygenaigngeastidh as Hsl A HS 102, HS103, HS104, HS115.

er r pagses t hr.ou
R T I L NS T i
planbigy ﬂ@gﬂg&h@p@dumvéfﬂa ﬁﬁé&l@&ﬁ%lﬁ&ﬁ%aﬂyﬂ ERBISR a8 WhiidilSrocess
into I'ine 60. Regenerated amne is then reused,

nd,
conditiensiay ghoe in Eahile 3 delownyin bl casss yha B Howaned4 std m*/m”® (2500

scf/b%?)o Xlségleenfshlo% orn?yat%'é Iar%rcl)ur%t(s) Wf products produced in the isomerization reactor,
not the total amount after both deoxygenation and isomerization. In Case 1 no aviation fuel
was removed in the fractionation zone and represents high yields of diesel fuel since all of the
lighter components for aviation fuel are kept in the diesel product. Case 2 was conducted at

the same process conditions as case 1 but aviation fuel was separated resulting in 13 wt.-%
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Conditions for the first scrubber zone includes a
tenperature in the range of 30 to 60C. The first
wabmonkbeyr2 i s operated at essentially the sanme PCEESH0E037072
as the reaction zone. By "essentially" it is meant
that the operating pressure of the first absorber is
within 1034 kPa absolute (150 psia) of the operating
pressure of the reaction zone. For exanple, the
aviap'loe Sslmathof cdrtespdriding deatrasr inahe yislde diseefubhar? 1:06846. For Case 3
Pa absol ute (150 psi é\g | ess than that of the reaction
the ?8??8“13?198 r%'f’ecé%ﬁ‘éaséﬁ‘? higheshsd fempsraiufeseyfunmindgeessed
b [
o o B Blop A AT AR R DA E a8, St Romormal
ratldshaéloa/b sdrdeier fenpepeuratratsedor the heinper aitune thdiatrehsng@ihe overall
st. 1C hl;i g?er than that of the separator. Keeping
Ylelil Rbavipuh et Eongaseet th £ FOCIRAINAPRE @fQ?FSSoﬁﬁé‘?r&b/é‘@Stdécreased by
[ r n
B S e e P s b M PR P Gt of
diesb]l'ﬁaela Bagr Hens sol at elgher {e@peigurdhend lolveovpang velsanpihas Case 4

re presented jn illustration of this invention and
resuing 1 3tSIgTii ARk Egrease iGibR Mol é{te?(b?fsa%%lomféelgfé%béﬁaaml&b’ less
f
viel PREEENT FRPrrhiSF Lo BKEMI RS, SEkact el B Fink! i CRyiaton
fuelos hwmazd@tdr@@’ewah odlyedd disebrygaimaigtiongh zﬂc@hﬂnﬁ&tldﬂ dMigher
y flowing the oil down over a fixed-bed deoxygenation
temlaﬂé?taifey &qweatsp@fyebcgw?d Righey nreworeghangase 4. Umsvoéwcupn@f lights
b

e PR AR Menfaden BV TR RS The

si de products of propane, COx, and water were

separated fromthe paraffinic product which was

conposed al nost entirely of BABLED c18 n- par af fi ns.

D04

rhe yi et d of Tt zeisyraal T gEsed Sﬁhaﬁ’é{ﬂb 83%n t he
Pidesysy|ORMpkiie | RPEEAIge |1A8F3] withe | Digis oduct
Exdeser|i bedCabove wasig) scrx&nb:zed/npndp%(ﬂr gcagked in a
pi |l ot{ plant by|flow ng |the pré&asicf over |a fi1xegd bed
CpsohHri z&83Pon cA1H (§D) [at! var@dus| prideess 18%ndi ti ons
as shown in Table 3 bellow. I|n all|cases |[the HY HC was
444 gtd nB/ nB (2500 scf|/ bbl). 71kabl e1®sshows only the
Casmint s é#5 pr oddt3796¢M aduced @)t he(di®donenbzat|i on
reactjor, not the total [anount5%$t er 2296t l} deoxylgenati on
Cash ilsomspd zat | A7 (BW) Caske (|4c°$)avu 9 an 8% |was
Céa?em e UPE%} 25 Edrr%c(‘tiéo?r?i%gw @%{he a‘%rffieigpts hi gh
ngérg)cnentangor QXJﬁEdoS?r gge %’g/ keégjir t, > di esel
prodyct—Case—g-was conductedgat—thgcsaire ess
ceyylijti ongs as CagR (Fodpyt 0.2V aﬁspn.fH@f wag,genar at ed
resulting in I3 W.-%aviation tuel with a
correspondi ng decrease in the yield of diesel fuel to
71 wWm.-% For Case 3

[0054] Turning to FIG.2, a schematic is presented to illustrate possible control actions
which may be taken in the operation of process. As used herein “EBP” means end-boiling-
point and “IBP”” means initial-boiling-point. Table 4 shows sample relationships between the
possible control actions in FIG. 2 and the possible impact on the products. In FIG. 2, the
process 200 results in the two desired products, diesel fuel 204 and aviation fuel 206. An

operator, upon observing and possibly testing the diesel fuel 204 would determine whether
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the isonerization reactor was run at a hi gher bed
tenperature resulting in increased isonerization and
wohe@basieanount s of hydrocracki ng. As noted aborer/Us1v89/037072
hi gher iso/normal ratios allows a broader tenperature
range for the aviation cut and the increasing the
overall yield of aviation fuel. For Case 4 the
i soneri zation zone process severity was decreased by
the dizbdiyiedd treethepager, yedsaon 2Y0. ihiheAnswa b lqaektion 2l OWRE no, control
yi el ds of aviation fuel and higher yields of diese
may; hfagxerisedover (g 9pergHng parAmgiees oftnspgsss 3Qtoassudinig al dbege to diesel
c | aci : esul.tj in.a sjgnificant
fucRACEH 'K e bR, ISR Bty el e W o il e 558 et from
the &adiinatién 2drleyIfligsicdel ?ieﬂi @fgedisaft mbt@l queditfh jli()?ﬁ?()perator would
i sonerization |evels for each fuel. In the final case
progegdl &t dskrvhetkar thesdipsek Flond eeint spesdivaipn hasdreey n8% quiesel 240. If the

Qi . C i nation of higher tenperature, .

ans( STEHE I8 L ASE DR R R S L BRI Shh 310 s o,
additiogalioaols tath@adjabtnlenBhhsy bdeefaSRAGutP a0 aRE tHeRBverity of the
. isonerization |evel of both fuels was very high. TABLE
isomgerzgbeyieagtignrdgwenngtheend bailige peimacitoofite pfths avineeh fugl from

' . ossi bl e control actions which may be taken
the frpcelpASG SR REHR e SR04 BBt SR GRRo RERE A YipacP s e
[003BansSeitdrR0id bigaet, Mo ObkerviBEandB&8Dly testing the aviation or jet fuel

initial-boiling-point. Table 4 shows sanple
206 pequid desergrnpwherberibe aviatien pujstugl welkdonetrtod tasget.i quastianr220. If the

N e possible, i ct on the products. In
ansyecd oo BB 220 55RBR N PARRF buPind R ik Hitding arameters of
prodessoxach Fesuttiig d@harfgeab dRAd faOL0aVindhisAsd, URL ot is Mincrease the

operator, upon observingmand possi bly testing the
sevegiteglethe pparptingdepngdiifng of Bredsamerizatipre tdaetiorh &f Wi esietion or jet fuel
. 1Y .met the. target,,question 210. If the answer to
vield LA T R iEon 28h 5 b B drereb A BV e
aviaOPebefet A ¢RI kPecHicalbR GESBeed Akt Quek@H240. INh&answer to
change.to di esel fuel 204. In this case, one option is
questign [2d\és na, padidpap! sontrolm gngadjnstments nafy tehrxennisied sidnas increasing
fuel fraom.the fractionation zone. .|f e.diesel yie .
the sebil oF A it FRRRL 806 e gn BEL BBt it dfe aviation
fuel ProAC@e FratGorAsikn WHR, B8 that N EHe8S BbinCdREFi RIS the aviation or jet
speci fication has been nmet, question 240. If the
fuel areshuetris imet.yfdnce thireatie owit smc.(ifd@dpn nﬁ_ghetaeiatieady J:et _ﬁrel is met, an
one i Sl B A S R SR G bR 8 250
the dnB@EEIR 9] thel A8at oA\ fdt pYoddlt MBE b RAUR Fdralel Bhd §RGEE RMho, one
or lowering the end boiling point cut of the of the
contgp) PRLPTON 19 insreape tainibiel Haikeg paintefi the aviatien orget duh &bnt the

cl oud poj nt eci fi cati.on of. the diesel product |s .
FractjGutin f¥iesio GRtF Daitypoiafogibeshiosof Geuviltaas ioifigl papdpct is
met.POSsibly testing the aviation or jet fuel 206 woul d

determ ne whether the aviation or jet fuel yield net

the target, question 220. If the
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I's no, one control
tlawerddiesel fdpuyddiamt of t he
actionation, zgne, so
81T el

f QwWer .
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Hight:Gidd ofnshhiedldeNgphtha
ent of the invention, and
dpwagfont Yeé Yiiald ésrmtarieblei n
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control actiéns may be enpl oy
of the invention.CLAIMS: 1. A
the production of a diesel cd
hydr ocar bons havi ng boiling g
range and an avi ati on conponsg
hydr ocar bons havi ng boiling g
fuel range froma renewabl e f
i dentifying specifications re
conmponent and for the aviatig
vields required for the diesd

Hdigherkdea NandalR dier

; all wthin the scope
qﬁf’{? O¢IEgt<1®bnt rol | i ng

Wmiesgpgmug%ﬂﬂ
oints in the diesel
Htovweo dyrhiredza doint

i.nts in. the aviation
Juahetausld of {ssinddNaphtha

QW thidQl yicie di esel
n conponent; determ ning

[Higlompden€reid.and for the

f uel

avi ati on conponent and that
specificatiobs; determning i

g Rbvet @AY iERd

soneri zati on and

selective cracking condition

HighaiiYield of f.ights and Naphtha

i sonerizati on and sel ective h

ydr ocracki ng zone t hat

FIG Reang Tahle)4 niegelp ilégtraterome eedogineindsf the dauientoh, fand ateh®t meant to

i R g b i

avi ati on conponent
er questions may be asked and other control

actions may be employed; all within the scope of the invention.
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conmponent and the aviation conponent further neet the

identified specifications; determ ning operating
w@onvditsieans for a fractionati on zone that resuP@BUSIN09/037072

t he separation of the diesel conponent and the

avi ati on conponent at the required yields;

hydr ogenati ng and deoxygenating the renewabl e

feedstock by contacting the feedstock in a
CLAIMSogenati on and deoxygenation zone with a

hydrogenation and deoxygenation cat al yst at

ydr o tion aj deoxygenat i n conditions to provide
"hE}f&? z?fa‘ior“ Lgdhy 83 A Pofessbsunmomen eRprising
hydfREMOhShNGn b ARRAHEIRS
Y hydrocrackl%g atgpéastngk%gg%?gﬁiggg@%Qia?%ggé &ﬁ%bmmnt
conphieingtdvgaheans lmryimglbiteppyigsnatieaviaiondudiridgediim byenewable
f ‘ﬁ fgactl ng with an isonerization and sel ective
ce 88@88 fig catal yst at the predeterm ned
| SRIBIYiFA e@i’f'lcﬁt%}g'r&;ﬁféﬁ fbﬂh@ﬁlésec‘l%ﬁ{lﬂoﬁéﬁt'aﬁﬁl £6Mfe aviation
sel ect’i ve "hydrocracking zone to
Comwpannhed paraffins in an isonerization and sel ective

dr ocr acki., zone fluent; and fractionpating, in the
ﬁs&ww&x@ﬂs FaHES E% the digyebrorpaneshandfar diejastatipy omponent

andmzdgh{ég{@ﬁ{ﬁlr &%Eiﬁ@atﬁf &l uent the predeterm ned
operating conditions of the fractionation zone to

p ddvnnﬁan@ ifomaizapondutielstive arckingponditio rofdrediig !
onent nd api,econ pr oduct stream conprising the
150“5‘\5 ?‘?‘b?fldcssﬁ?ﬁehf‘e drogyackingzque shat sesulffin theredetermimadidelds

requi@lRéL thé Hﬁseﬁ &bt %gh&f? Lhy fd'r‘%lp@ﬁﬁétn)gl JOP(ﬁ)OHé RTein ﬁie &8

process of 1 wherein the spec |ca ions are
comphimse amdiélntalvfaneni compomeduftrthgr B)Eanﬂardéntlﬁm/@feﬁlﬂ‘e&ﬁonso r
mlltar fuel standard re uirements. 4. The process of

dj%EFlPP?‘T BFEHRS EoRdiyqns)f af % Baelianation gpnerthat refuits &) the separation
of tlﬁ%@%pdn%ntfzfnﬁ%@&dﬁon c&ﬁﬁnz&[ e r‘{&Lﬁ}%‘a r}{lé}g .yiel d

required Tor the aviation conponent
t byd@sganttindandbdeoX hgenptiarhs Ser&ﬁvaﬁleafbmsﬂocmrcehtﬁcﬁﬂg&he feedstock
hlaégﬂemﬂble f eedst ock conprises at |east one conponent

BR{"8HO1 PYhTIOREE R/ Ab e h}‘fgosﬁnaﬂa@ and droxyigenaiign catalyst
at hﬁ?&%ﬁ%oxﬁzﬁﬂ%e@x ehatll cro[ﬁdﬂi Fls tosflg%vfa fsnl’ydl\r/\g&?ﬁ]%ﬁqmgl .

soybean oi |,
deoxygepsion dond éfﬂuexhtlcmmpumhg nkpansféeast oi |, coconut oil,
castor..oil pal moil, mustard oi

t
cBomeHia e gt fRIcty ey Paocliekmaa s X" gibtagrrtins in
hydrbgé'n‘atloﬂ h &o‘i&éenafl ?oder}iffﬂlénlf b Iﬁgct& W1t}9 1somﬁrlzduor1 and

sewage s cupnea Ol I na OI
seleative dlad:roonabkmg ahxaszsmat Thid predlﬂd:xfﬁlﬁled lsomélﬁizﬁhen @bxhdltl@fsdn an
isomléggaqs)ln a?lld Iselectlve hydrocracking zone to generate branched-paraffins in an
isomerization and selective hydrocracking zone effluent; and

fractionating, in the fractionation zone, the isomerization and selective hydrocracking

zone effluent the predetermined operating conditions of the fractionation zone to provide a
first product stream comprising the diesel component, and a second product stream
comprising the aviation component.
2. The process of Claim 1 further comprising periodically repeating the process.
3. The process of Claim 1 wherein the specifications are those identified in industry
standard, government, or military fuel standard requirements.
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6. The process of Caim1 further conprising recycling
a portion of the hydrogenati on and deoxygenati on zone
webdobagrwd2 t o t he hydrogenati on and deoxygenat i BCT/E82069/037072
wherei n the hydrocarbon volune ratio recycle to
feedstock is in the range of 2:1 to 8:1. 7. The
process of Caim1 further conprising co-feeding or
m xing with the renewabl e feedstock, a conmponent
4. sdhegreass ofoGiainhé vgreptip tieoyisldséquingd Gdr e PRYEIQLRIPBhent is from 30
hydr ocar bon feedstock, |iquids derived from
Wt-g%& /P ¥t Veornddhe yiskd regyirghior thei avipsion compengsd isfyorn 10 wt.-% to
35 Jpwpstream i quefaction: |iquids derived from
depol yneri zation, thermal or chenical, of waste

5. plTastprecess ek hevhegaimtirathdydild Re@rOKr @ngiliséSat least one
byproducts from petrochenical and chem cal processes. '
compongiiselseige dog e raupi Gonsisiridpity adié akylestearranelagil, comn oil,
' further . at t least propane .. .
o B ARSI R G S BB e o

linsekebod}, gecmaiut o1, caeeorfJehniaril, pileh Gi0REEdEdill Et@dnSde@IM tallow,
reform ng zone to produce at |east hydrogen, and said
yellpy dne heqrbgicatss rlady Bpiagik ftain mikdishtaile alggleib geviags sdudge,

. nat i. ne. The, process of Claim .
cupiRELiE EHVRENAL 8RR G O, s BASLRISG 0 i Pl o SbPesgl and kemel
oil. hydr ocar bons having 8 or |ess carbon atons which are

separated fromh drocarbons.having.Q or nore carbon ‘
aflBaProceseof I@Q%Xﬁlﬂrﬂtﬁﬁ SOMBKISIRG TRy ing aepstiompbiba hadrogenation and

' f . reform zone..t o produce
aco B PRGOMSHE G YA I S0l Gy e
hydiceadbn tvbRinfeydiio gepét kd freaneclde x@enald JT:1006:1.10. A

di esel fuel or diesel fuel‘blending.conpqnent_and an
7. adhaprosassrai&ilaisy 1 fythgr rompiisieg chyfesdiigry niisimgonignthe agnewable

feedg{ogg,%c&qn&%eﬁﬁglee{eﬁ tfone th%fgr(%pa(i:orrrllsi]s'ting of a petroleum hydrocarbon

feedstock, liquids derived from gasification of coal or natural gas followed by a downstream
liquefaction; liquids derived from depolymerization, thermal or chemical, of waste plastics;
and other synthetic oils generated as byproducts from petrochemical and chemical processes.
8. The process of Claim 1 wherein the hydrogenating and deoxygenating further generates
at least propane which is separated from the hydrogenation and deoxygenation zone effluent
and conducted to a steam reforming zone to produce at least hydrogen, and said hydrogen
being recycled to at least the hydrogenation and deoxygenation zone.

9. The process of Claim 1 wherein the selective hydrocracking further provides
hydrocarbons having 8 or less carbon atoms which are separated from hydrocarbons having 9
or more carbon atoms, the hydrocarbons having 8 or less carbon atoms being conducted to a
steam reforming zone to produce at least hydrogen, said hydrogen being recycled to at least
the hydrogenating and deoxygenating zone.

10. A diesel fuel or diesel fuel blending component and an aviation fuel or aviation fuel

blending component as produced by the process of Claim 1.
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