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WO 2009/151692PCT/US2009/037072 CONTROLLING PRODUCTION OF
TRANSPORTATION FUELS FROM RENEWABLE FEEDSTOCKS
SYRPEMENT’REGARDING FEDERALLY SPONSORED RESERXREHGR"
DEVELOPMENT 5[0001]This invention was made under the support of the
United States Government, United States Army Research Office, with
financial support from DARPA, Agreement Number W911NF-07-C-0049. The
United States GOWEFRMAEhINEPBORIICTIEPREQE (PRANIQRTATION
BACKGROUND OF FHH-INRONTRENES{eRI A THERSEPEES relates to a
process for controlling the production of hydrocarbons useful as
transportation fSEsTEMENTRHie s@ s GaFEDBRAIAN fselNsORETEWable
feedstocks such as the glRESHICANORr&&E iatyGrvisNTuUNd in materials such
as plant oils, fish oils, animal fats, and greases. The process involves

hyesepenationHesasaxd MR HacrIRORIIFD: Mediplhysrpdeqyygaanation

and ocgtionallg hydroisomerization, cracking, or 15selective cracking, in one or

HBHsLRHES DELYBEsrERITSe Btk RS sarpRiIfEom PARRAnhEacaKAt

nsacien s di ikacdmiaation consditions Stesetteachigraihe-apraifigalipnsand
yieIds.(L(l)OO3]As the demand for transportation fuel increases worldwide there
anvention. . . . . .

iS INcreasing interest in sources other than petroleum crude oil for producing
diesel and aviation fuel. One 20such source is what has been termed

renewable feedstocks. FAESRAENEL & EEHSRIMENRERMe examples such

as plant oils such as corn, rapeseed, canola, soybean and algal oils, animal
f@eoand oifhisusteasoiatanefish pilscandamasiatisiigsie: PieRMBHSWER @Socarbons

ellow and brown.qr s and .sewa | . The co n feature of these
e B e G o TRl
fredatnckmotbiencibs slpfecslespudrits fpprapdeafeuddiombeselpsocesseifatiits, fish

aaid ﬂthLFﬁE?,%G;ﬁ&@s. - darty agidmeinyl esien

AME h
types of compounds contain aliphatic carbon Chains generael y ax w?g?%%m 8
oubeabsionaterder Trdednsmagenaaen ondcortingaily theligijemddassioor-packing, or

EAAEGCRALRR SABRIRH Q6 a%ps-., ﬂéﬁﬁﬂﬂ%ﬁ&%?&[ﬁ&%M%& OfeiB€are
OCKS

glycerides in the renewable feed st will be triglycerides, but some of the

freeriged 'cmdtﬁf@%ﬂb%&ﬁfé%ﬁ%&@ﬂ?&g’%wﬁ%@we%iﬁa%@e\wiﬁcaﬁons and
2008/151692PCT/US2009/037072 or diglycerides. The monoglycerides and

f&%ﬁerid%ﬁs t%aen tc)e ;PrcPPo?Sﬁ?ed alrct)rgd%wfiitgl the tri%:g/cerig'es. %0004],'I'here are
EDGHs in the SrH TS 400 SR BTAHLR IS BRSO oL SFSSHLSHRFT pidRTsHne
Forrestamplects Stic3 B0y P& disciosesithel lieepeddiistadlicyel aldnaiviasdichie. One
g&éﬂl%gﬁr@ 1 QS}E?{%%S%I tt Irﬁe%r%ﬁe%v%ﬁg r@e%'ét%%k@yqa%gg rrgn%r\}vsa lé(%]gegsstocks
gasoline and chemicals such as

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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para-xylene. US 4,992,605 discloses the production of hydrocarbon products
in the diesel boiling range by hydroprocessing vegetable oils such as canola
o UASHRE B Finally, US 2004/0230085 Al discloses a prof&3&i3PeAiiHg
a hydrocarbon component of biological origin by hydrodeoxygenation
followed by isomerization. 10[0005]The process herein comprises an optional
pretreatment step, and one or more steps to hydrogenate, deoxygenate,
hydiiglserideiz d e aptibratijcselet tigy driddsonraok theaandwalgexith the
fg&@%&q&go generate both a diesel fuel component and an aviation fuel
component. The specifications and relative yields of the diesel component

dAt0He avigereviensehdntiaertdinstosing thantduetiopefdtingocamditidngmoplant
thsisomarizaiion and:eeleod v 4B IrRYRING NS AR ARISHRINED dBlites 1o

order to meet the specifications and yields of thé products. The fractionation

FEOREENHIOHS SHFD arearmiida dspaubassishran il fedh priulictachtas
thedegisad yiellso T besdirsrpkeomparagntdch g Gulaim SR ENhHE@YLE

uiIlabIe as f elﬁ, sed as components of blending pqols, or may have one or
RS FeR R o el b ST ssailomamk Peshy. US
PRIE/INYIBRE KO NIiFORBE] B ipeopenckssibeiin isyarpratdess dapoasitolfingtigcal

[ iqn of (q)i(esel ompapent om risip1 drocarbons having boiling
%o%ﬁ %Kﬁcﬁgsﬁ%nea? roan&zﬁ)%p%n%lcgﬂ é%’/%%lo%%%nmponent comprising
GRSk arb&he mMasdaphiotsiingp ponitss imtmiamumfa@xmm; EKhce or more steps
ieHRRlR R CaRIork AReRIGRSR EAIR LINSIHNIDASRERTHCAHONR e

required for the diéSel component and for the aviation component;
detevirhlaitrdikels regenestaopiha drsskiushaopmeanttand formiaiauitebn
compaRanNtrapdihatimests saritediwpaeilic 3t apsaidele HpIAgISAM|LIZAA N
and selective cracking conditions required in an isomerization and selective
ﬁg}ﬁ%"éﬁéﬁﬁ%éf%ﬂ’él%ﬁ%fl?&éhmﬂefﬁ%@%@eeﬂ?ﬁ Rédhgisriscrigtine abrasetive
diesetackipons y ahtaamdiefaﬁﬁhecam afiq mmomﬁ @pwhﬁmirt?nmdﬁlai i;a@r%ls of the
co nent the aviation component 30further meet the identifie
R S e o g srore the desived
P0EDLISAGEE FEiT¢l BRI08IT08 137d frantiomati ondzba evindbiesuipinih@ay be
%@ﬂﬁ@%’ @ugfsﬂﬁgeqlgs's%rﬁggﬁgﬁg%m)ﬁggu%he & \{Isat(g(r)ﬂlg OH%E?Q Q%‘ ; ra Itng}g additives
required yields. The process further invo \geps %ydroge ating and
HeoBriaisdhstpinbeisaavdisrelfebdstock by contacting the feedstock in a
hydrogenation and deoxygenation zone with a hydrogenation and
deoxygenation catalyst a$ iMvDgeade TRRANIERTYg8Nation conditions to
provide a hydrogenation and deoxygenation zone effluent comprising

espfingLispmenzing.and selsctively @yrﬁreﬁr,g%@g g;%&!.%a aoytion of the

n- paraffins in the hydrogenation and deoxygenation zone effluent by
CORPREAR MMPr R EbIeRIReen el s Bribug e tydriodhecking! fachiysgattthen

] ﬁd@tﬁé’bﬁiﬁ@ﬁﬂﬁ(émﬁﬁﬂﬁﬁg RyeRAtiens HvaY '&Qmﬁf&ﬁ%}@ r?na}ﬂg a%%ﬁgﬂ\fﬁcl range
ydrocracklnc}; zone to generate branched- Inparaffins in an isomerization an
BB AR ratiinth Zhieanfsshesmndyidenthanmeperitirsinniareniaebier the

diend cthepisemendatomand Sele ctivpdivarotsreking 29naie tlyetdhé: the diesel
Orgld(e)rtlelrlrtnaigggop eergﬂn conditionstof g&’fractionationgzone.to provide a first,

Product stream comprising tha el s HsbRER Sy seediicriioptidetermining

strearzaompnibiatthecaviakiog cantjone riqdibdd R1 B iRSERIBT HadNsENctive

ik FIG. Lis a.general flow scheme of one embodiment

B P TR IR ST pen

he fm\;éﬁﬂm&mmmmmhpm ibkedgontiainptions dulithpleindon totipenent

REARRSSanAd el ARte @Fﬁw&ﬁg;qnﬁ‘ﬁe%ﬁfﬁﬁqﬁ%?ggﬁ@ RRRFHEED

DESCRIPTION OF THE INVENTION [0009]As stated, the present invention

relates to a process for producing a figst
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hydrocarbon product stream useful as diesel fuel or diesel fuel blending
component and a second hydrocarbon product stream useful as aviation fuel
oWéﬁngﬂﬁﬁbﬁnguel blending component from a renewable fee§SHIRANU >
those originating from plants or animals. The 25present 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
diesediaeds sommibioeshlfels thayepergiodut dut, daevd] ttrenponerolied teoodsison
Rigwsige:R JERLAE P ERAD' BT ARERIBRAR RO G AISIRRL e Lypes at

different times or different relative yields at different tim or example,
skistrgrriv tharasorlgifrdr oo bikaeiaginaho feedstock in a hydrogenation and

2309/ 15632 Znt VPP BRI ERA B REIRIMENR SiRSR) T sl e L RPIEBLAIAGE S Shd

allows an operator to adjust the relative yields of aviation fuel and diesel fuel

(O RS EERARA ST HeR AR A5 Yisls FOPIHas O sl visBle Seriom ernis bRt to
inalyde igedpteckmothemtamihases abtanediuadiyckiaaapPRIQIS YoM VI the n-
oil. othe{ te{[km that hgs be%ndused to describeﬁ?d 5least a portion of this
HHALER BB R OB P ISR TSRO £ SFHECPL RESRIBTS R84 aRs
tihaineanabenusec dletheedrebentihuentioa yaiciude prdadthse akiehization

| ycer fait id alkyl. esters (FAAE), and free fatty acid
e RS A R B
oRrH6m bilasbpwiyzitpesederlsittlise idmaraikine kaoifftatingi hreUiniloivertivig, in
henRRashGUn U¥E, Al HBRRAY.ABNSAGRRIL A HORIQLRiL: OPSHIL Al R

oil, mustard oil, cottonseed oil, tallow, yellow and brown greases, lard, train
BICGETHITHRPHAH ICAIGAIOBH CE G AFS DD Zansrie aretidsanfiatiaodict stream
jesrapiangithe uieas @imhaRassHDIl sRalka kekel MesHarnis:RihJatly A¢idon
methyl esters, lard, and the like. The glycerides, FAAES and FFAs of the

PR yetable or animal fat contain aliphatic hydrocarbon chains in their
structure which have 8 to 24 carbon atoms with many of the oils | 5containing
high concentrations SREH/RASERWTHAN QR HE BRBAI(SINS. Mixtures or

co- feeds of renewable feedstocks and petroleum derived hydrocarbons may

#90e usad asithegieedsook.sOihias iEedstaskoaamposentsivveitihmay be
ent in.combination with the above listed

especially. as a co-feed compo ]
) o e A LT DY GG BTG POS AT HIBR e s
pessitiin waxelsydiguids depieed:iramiggsifieatian oficophidhaiampss odthe desired
Epg&ggtlsgas followed by a downstream liquefaction step such as
Ischer-Tropsch technology; liquids derived from depolymerization, thermal

or chemical, of waste plastics such as olypro%{%ne, high density
polyethylene, and?&ﬁ%&%%@ﬁé%!ﬁﬁ&\‘é% HRVEPHRENE oils

generated as byproducts from petrochemical and chemical processes.
MB2kes dfsthetabdbe frescstockstivaychise e psedsasocprieladicpmienents.

Raradvanirenl ysid aaseeclaed sameensolin tansiamaton olunal
has been considered to be a waste prodeuct rom a petro eum based. process
sReons hatliegsi enpeduct ssporsafulathsiaivndie e ssiatierothd bdptioneis

HHFSISATR APSIAING RXRERSRR IDY.IAVYE HRA L DR IR RIEHAHO RIQUO S als. The

deoxygenation reactor. [OOll&Two hydrocarbon products are generated by

e raRpeadrelves GrRLELpEHeh 8 RECSHSHenarosHaib A dHpRRavEe Tise
dissel AAMROPRVICMPTIzRSHY dsocaihanshavinard failinaPeintiribg siese!
R RGN R DS Op BT S 0oTied proten poovides
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

-3-



10

20

25

30

WO 2009/151692PCT/US2009/037072 components before being used as
diesel fuel, or may receive additives before being used as a diesel fuel. The
a\‘/Yé)ti%Jorq%lém%nent comprises hydrocarbons having a b0i|ingP§3{H§fHOﬂ4g7072
aviation range, which includes jet range, and may be used directly as aviation
fuel or may be used as a blending component to meet the specifications for a
specific type of aviation fuel, or 5Smay receive additives before being used as
apldiatiodiferd ([Pl ferdirplipokethalipplicatoeratariondjad ditivelstinayitlds of
combinad it hiesaviation e peReH s, dlesel component generated in

order to meet required specifications for different specific fuels. In particular,

0 Wliatiohhrisredansvahie hegdriedaic sprridiniegndsifesdiipk s thdsdanlthgse

GRIMRRAANEEAL: REMEBR ARG VAL ORE OMRIERALHIIN R IO G]EASe at
least one of: ASTM D 1655 Specification 10for Aviation Turbine Fuels

Lrafe ASerEe P ohiselass phikwlitods kiitiens ketsderistosise Theramerpblero
ceetBtbeRbihbt 3dh be ddediatioprtdal RualihRequiteme pisHeove Iy comprise

Operated Systems (Joint Chegklist) A combipation.of ASTM and Def Stan
A D GO Th357 07 Pk ASCETAAS r H Colpitiag e
GAMIGESBBIR2 Aviatioot Tumisine d; wedpld/ide Gt dijpeyGanadiageed oil, soybean

- iati rbine Fuel, Kergsene, Type MIL-DTL-83133 .
SRS BB YA T RS 2R ¥ o
Ouars silnpalie Aliawam oil3-guereed (Ghirkese)yatovrdiddtov®@R6%533, lard, train
REPEARLRR (RISl HPERUIEREEe VBN L DI AChIRAR DAY &g wPe

Kerosene Aviation Turbine Fuels of other countries, meeting the general _
Graehs pgbahaRiBRls RIF&emeleil. Arambe i, fary arid-methslesieraidardinad the like.
thiee IAyodrdeydenae MaterphfosrAndatignal WbindE uehsRacHicatans: ABatic

ygﬂion fuel is 20generall termec%lrj'ge fuel” herein and the term "jet fuel"is
eé?w‘iafBOé‘nCcf‘é’Pﬂ%ﬁ‘s%‘%{/Fé}i/ﬁ‘SH"fﬁé‘i Boake tHe ShermontbaEs Bk ez pEfhe oils
aeriengdighasaauiationfoefusedids withaadinylgamponenis! Bixaviaieto-

f eting t cificatio bove. Additives may be added to the jet fuel
R R e S e B e
Mméfiﬁéwltfyqdﬁmdrymmmmdmmabﬁigw,lesge@aﬂmhsig eofiitidary
gsaq)%ﬁxm@&tmu&ir@ﬁmﬂe@mqﬁ%@@éﬁ%ﬁﬁﬁ@ﬁﬁ%@y SRAGH eggpé or

United States Government. The fuel produced from glycerides or F%A
qisapbaulgialdulrisans sisip s ifso paraibn idsrdgeisd eiprasiisaionoweral,
s AAYNhaticRAIMKIGKRISERAWRINE BYMhReStdy @&cmﬁlzm—ﬁopsch

control of the process allows for an operator to select the specific type of

SRR O IR R B RS atste e b RASENE! compsis astéss

be-progubgdopnidid0tigisdhsisppslfieniions aldhefdeisigopopensiiacanstth@er
relative 34 lds of ea&:hS 0 Ioncgl as the yig:' ds,selected allow the fuel

I .
Pt oS 1 e e P R A & B ARG LS iﬂ%ﬁg%f’ﬂ%g RRpEssses- Mixtures
QD@@/&@I@@_@@@G’MW@B@W@ isomdeizhtionpanchsel@otivévhydrecrekino
5(9—@@%%%3%&%% ?s%%WSf%a%&l%@dv@ﬁgh%g l;[ant &f)\ 5 ledg!'lélr? p&ﬁ% ég\?agt% r]])?oduct from

comprises the ydrocarbons necessary to meet the desire
3 pecienmdnscdnprecspreinting dopklitionsced eofractionitiohe zomentpsecess. Another

gensiiRad Relew. 3R el RINAL SO AL e METRCRIPARR RIBALERA in the

iIsomerization and selective cracking 5zone are separated into two product
deRsRsBUCRASPHIYduct stream comprising the hydrocarbons in the diesel

hooiling range anesesingriaecanaciicatinnsralrcesiRihe diesgksel component
%:ﬁ)énpon_ent, and the second product stream comprising the hydrocarbons in

WASHER LSRG g A SemRGnie paitshishosalets betdpgadoiling

poiiatiothediapbnapt. sAdsmalbbypro dueiStreamaf lighbbyiieraanstigalso
generated. This stream can be converted to
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10useful hydrogen via standard steam reforming if desired. [0013]The control
process provides operators with a great deal of flexibility. Different grades of
sARAAE 3 iels may be produced at different times as the &%We%%ﬂé’(%%{ﬂ@s
change, and the relative yields of the diesel component and the aviation
component may be changed with market demands as well. Feedstock
availability and pricing may also result in a 15need to control the process.
threpsieps befitre bongraledrocdisshiie). berexeeuted péliodichéfpmadeheg used as a
QRELAON SRRIR S LRI A cammodale RARIING. ARY e S dargiisrent due!
specifications or yields. [6014]Renewable feedstocks used In the present
miaiioRngtay bishtaidudesdeiaangst mbmalds Usksh disesypteatalion fiskopipay be
REEGINCE ﬁeﬁ&%&’&ﬁﬁp@ﬁ@ﬁﬁ%@ﬁ&t@@%ﬁwfﬁ%@k&ih%{?&%@@%@ SSIEERI G Rel, or

rosin acids in addition to FFAs. Rosin acids are cyclic carboxylic acids. The

FaMetReabTe Feditiees RO BRI A EaiRa M RER e HRom e pRREEAHoN.
QaioBO vy eh OBASS P dANAEPIMe g ias Welpae:RalidBe Waldlcafonent
detergents. An optional first step is.to remove as much of these contaminant
o S S B A AH R U BN RS TS gy (RparCeutar, he
reineivahle mqm@mmmkmmegwm ip egbtnmﬁmm@mszeram may
eRIEHERIIAR! conatlions JHR IRV SHENANAG BRI AL AT Sr Sxelings:
resin sucn as Am erﬁys?ftm -i and can be used as a bed in areact%r
thraugitioichibine Fads Sioicksis Sawdd Mrbugheditisb Aupfiow Herdesnntlpe. Jet A-1

ANGBRLIRGNRLIRS N f.@é%fa%mm SindangabieRegsionk Y ihAted Systems

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

(Sontihadtie} dosgibierHnemh S\ o Vel coreariTraRmS IS @Shild2adidet Fuel
wasitichhindSRAGAN @G Y QtiasyIg b iemewakiside edstoskawithi aipe
acid such as sulfuric, nitric, phospharic, or hydrochlgric in a reactor. The acid
CARPALANG RS LA LatoBd BB Gt Rajeyere 1ype MIL-DTL3 133 1P-%.
RN 1 6APIPTIUBZ008/03 (Br2id)i thpedifadaai@hRicco i oA 81 arO88S3 Jet
Fonipstngds doneuiih e dilie 3eidsoluien isuali-ahambient jemperature
and atmospheric pressure. If the contacting is done in a continuous manner,
ifusboswelineidpié imaocooliyne Ketpyaret Awatine Twena huthar pdssiientrieansaing
HRMENINY ekl ConApIRaRiS M Iha TEnewaRle: FRedHRRk ISIEAHAN NG,

use of guard beds Swhich are well known in the art. These can include
KNI RatigenscoMbreriab ity Wiataro Fuibing b e SprstBnaliRn- dhapdts gutislds
pickeligr cehalt-Eiltiatiapand.ae rent extRCHRI R CRIRUS RGNS L FARIE Rl
which may be employed. Hydroprocessing such as that described in USAN
PEFHAG, DS SRECH SR BRotfe il etde ARG IR R HRR 1 wid pdlending
[eaipththe specHicatDns«ahihedpdifnis baingdeiexmineds the wlatived o
ieI.dsfof the 1(?J)roducts bein deterngined, thgoé)eratin conditj nsfof th(}P g
é%ﬂﬁ‘er‘i‘zeéﬁlo%r R JBREE R YAt SRF ST Yo AR YFACH P ShE bafgs 1P-8:
ddieehinyeditindysyicdie deed MUCIOBLABMEd, tohach is a military grade type of highly

refined kerosene based jet propellant specified by the United States Government. The fuel

produced from glycerides or FAA as described herein is very similar to isoparaffinic kerosene
or iPK, also known as a synthetic 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

-5-
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reaction zone comprising one or more catalyst beds in one or more reactors.
The term feedstock is meant to include feedstocks that have not been treated
t0 YaRBva ¢&Htaminants as well as those feedstocks purified f&/US2009/037072
pretreatment zone or oil processing facility. In the 15reaction zone, the
feedstock is contacted with a hydrogenation or hydrotreating catalyst in the
presence of hydrogen at hydrogenation conditions to hydrogenate the olefinic
osumgateiatethp srkonsediythecalipivagicohydtocatedbdhainse Hyenagedatamaothe
HRHERIAD AR A %@%g&ﬂzgﬁﬁeg@é&g&

Wntin th %rt(fuch ickel
¢
or nickel/molybdenum dispersed on a surface grglgesupepo%{rgta%g

HpaedireHatior kaeasrstnirtudic areir fstiemvibezanetalsedatytibed below, are
2QelmeniSIRRRESSY RBAMIAN RUAREE AGR RURRAHLNATHINILNG SXAMRIGS

of noble metals include Pt and/or Pd dispersed on gamma-aluminas.

R SetTRABEF L dra M BIRTICIE S ismip i TR et S erm epBppisingriiea
pirBELED Gfs1id 12 RBcabsDIhEe £200REIANIEIRS KR RRSAIVIRICIRA REBk diesel

Other ogeraticrf conditions for the hydrogenation zone are well known in the
STRSE A a%PS\R/%CPPé?rRB’éIMéC%‘Bﬁé”f?HSPﬁ Shedireashons jadhhavintper
teriiper atuge @Ghyenatpedtingecinditionsladtbalzo LausatydcogebationA small
1 e hydrogenati nf';mdr dr9tr atin (%at Y, slenumerat d above are
D B T e T e spmened
hbydﬁdd@dmwéaimﬁlﬁet%mdsfmkmg redegualoxygen. Decarboxylation,
fesasporviatanncahvdregrorvachation A deain. cUF R RNRISSA

exient
as deox genation reactions. Deoxygenatlon condrttions Inc elative \

ISdpteéstnd ey pdirde mankoRitd ey rent10Ba 2skParedykel deangnge0

REiMLNH e hasimentsdndhad anes of &%ﬁ&ﬁ{é%%ﬁ)nteoﬁﬁg%ﬁéﬁ%a be
géooo sia) or below "WQ 2009/151692PCT/US2009/037072 4826 kPaa (700

e TP GEHAIAP B Y ek ahABBRARBHS GG R orronion
te31BCpamnel erligeideho Ty SPRCES RIQoRHIfRodEs iarky be Withuarn BesiIemts as

in the ra of 1 to 4 hr. Since hydrogenation is an_exqthermic reaction, as .
P T e .
deg@idoxylation, decarbonylation, and 5hydrodeoxygenation will occur.

iiayoh e BYHRISIRISALTaCTRE SCIeIIG,Seme feedsipeks gy e
highly saturated and not generate enough heat mternaﬂly. fhere ore, some
EROErndiviscaPle duireikbitte hyairhdunt ivfobe. Wondspricdeseingisidumery amditig! oil
withimthascona Risthis By SRR NAAHHRE FRRGIANS QRS cﬁi&%}?ﬁgﬁbﬁg
one reactor or in one bed. Alternatively, the conditions can’be controlled suc
s RYERaBls et PPt coneimoPnRingaY sich actlkrbonsRitiong. sodium
aecpohemylalipnopREVAIsh el e0XERNAHRR LRCINR A SAGPRiof A¢lioRahs
Ped&s})}. If onnl}/ ne._bed is used, it may be oFerated so that hydrogenation
cg)cf:eursvp‘?r(flrsnah‘f%l Sf R S MEBR IR A% PRRIRICIQBE IS ISwEFireatment step involves
decacbonitatiorastdefyatadeowytenator-atadss raainty dipihe midele andt

of the bed. Finally, desired hydrogenation.can be carried out in pne

e A R A R T RS
Ayehotisoxydenediomdanisd sanrbed out icnctsaharaie whabtdre Felvexkristiewed
AHURLRLARARARHONR I DRhEHIRALIRNERHERESRAIANC RIOERSS WOOARITS.
reaction product from the hydrogenation and deoxygenation reactions will
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

-6-
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comprise both a liquid portion and a gaseous portion. The liquid portion
corr(lfrises a h)/drocarbon fraction comprising n-paraffins and havin§ a Iarge
con2éhttdntiRor paraffins in 20the 15 to 18 carbon number ra]ﬁ%gp lirc T
feedstocks will have different distributions of paraffins. A portion of this
hydrocarbon fraction, after separation from the gaseous portion, may be used
as the hydrocarbon recycle described above. Although this hydrocarbon
feabtioim ishasdfor asntinliesepfomsordieselifige Btewrdint edihponaitschadditionadlly
f iati jati | hlendi ents which .
e B B A o
ANSRTST it ay UsHaEhotieal WREHERRHT AR ProBEsabRINISe; brssllsethes of
hyghncasbriragion camprsaseseasiab AlbapaEaliRRdEMINRYS PR beds

cold flow pg})ﬁ)erties., Many diesel and aviation fuels and blending components

v . . . C . .
SO KR I8 S hrofariee Hislrde aa netisa ‘iﬁ‘?fcﬁjgﬁs"\‘ﬁhﬁéwlthwt
reactediahaenisnmesizaticniceaditions o FIsRmasizaatipask apatien REtARues

n;gagﬁffinﬁ to br cHed raffin .3%[ 9]The gaseou portion_of the
feaction proguct’ r'gm"%ﬁg%?y%?gffgﬁ tion RGeS BRgHians fh2birs EtiethirdeS AN
Ry drdy8r6 canbshed joxidercerberhmquoxideh waydre\wapnoyed/O

51 11S2009/037Q72 propane, nitrogen or. nitrogen compoynds
e i S S O B R R CERRGRS Sr e
coPapen éh@gu@m@mmetatﬁheoeﬁdjémmmmmeomgm@mmm is
sQaRiEiadio A OLNgh RIS SIS SVl A0RRLSHIRREG QR PHRRESIOL St o a

high pressure hydrogen stripper is to selectively separate at least a portion o
fiTACH SR EBUS PBIRBHISI B SHIFTHFBHP e el Peraereicthe. difletarm As

IRURGIANY SRIMENDRORING EREQUERS (R BANSRSVBER TS {EISSRRANALE htaminants as
Qyniigoogt%n is %é%/d d to the first reaction zone containing the deoc?égenation
reattor RIS RIS B R ROV ARE WA 4A56 S TRE RESaRs gtz dm the
déoxie frown dhefeffueri meynresedtvindpoaydaiaiysideari oymanesifghalyst in the
igrgsrre] Lz&t@rar%oneht\/l\{a&?or ec%laglt())oncm 1nio>r<lidte,hc rbon dtiotxhidel, ?ng/ ammonia
rhydrogen suffide are sersctivaly 10sthpped T tRe-RSE MigH SHidg g ansaturated

hytioert dieiplieratsingltopdrogechaitheHydloggeniousedhigircheasinipintysnaye any
b Aok aed {565R%eRI00 Qs e embRIAIGMAYRacAINlSd R 3,
limited range to achieve the desired separation and the pressure mayzbe
HEiRRG AT SRRYSH (ieh Ay grrakamta tphstsineuds ohe awbaisavhbmmrles twytic

M%&%@@ﬁ@ﬂéﬂ%ﬁi%@ﬂ%ﬁ%&@%Mg&g%njﬁﬂth@@% £5PHbBle metals
g‘)églrg%gen stripper may be operated at conditions 15ranging from a pressure

KPR dpsbil fspineddiaptmesi o iasdeaeraiouoodary aekde a
teimperaidie d0dAC:60 BHAC a0 apetier &M DSRRNLERS Ot TVYBRIBSSUE6 kPa

drogen, strippermay be operated at copditions ranging from a pressure of
R S T T R RO oo s n
tilosolub® (350t pdiay doter8pd deita apsatutet (56 psid)c@nskahiengriatuipetiure
RO IR ARSI HRALWAIBNRIESRYIE Aydigden stripper may be operated at
essentially'the same pressure as the réaction zone. By "essentially", it is
bt thihethw bpesatiing prddvidretshting brstligshepressird hiyarogenistrippetle
b3 withipidd g&&%@x@ﬁ%@lﬂ@e@ﬁb@rﬂ%ﬁbﬁf e R @1%%5&)8&%?}?’%% OF R€feedstock

reaction zone. For éxample, in oné embodiment’the hot pressure

RyaryErPEYaph dresaparatrsivnclisadonyaiisve srahyioslekyscandeiuts [ain
asiadless hrrdhas of dbsxieasiian 2oRaorOIBA2QLENS Biflust shers g hot

high pressure stripper and at least a portion of the gaseous components, are
LRI RS AR SETBG i TP Sab il A e AASOBARGRDO P,
siteamboliteeieaindenkibiesdenkpg esutisnay enesifluent sivendsseneved
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 30this liquid hydrocarbon
fraction in hot high pressure hydrogen stripper bottoms may be used as the
hydrocarbon recycle described below.
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WO 2009/151692PCT/US21109/037072 [0021]Hydrogen is a reactant in the
reactions above, and to be effective, a sufficient quantity of hydrogen must be
inS3RMEN S host effectively take part in the catalytic reactio%.cafﬁg 009/037072
processes have operated at high pressures in order to achieve a desired
amount of hydrogen in solution and readily available for reaction. If hydrogen

is not available at the reaction site of the catalyst, the coke forms on the
cEiydtaan daativatesphaozstaly 200P6 sokethis phobibnjtkapiesstrenig of
offgrraiseskip.insuaiaRAYARAY Qe iRAYaHaPIa 19 avQid.SRKING [SACIANS, ke
on the catalyst. However, highér pressure operations are more cost?y {0 build
drRetPbdratbhis CoRRpRYEEPESTHIEIR oW PR EsEI reRstio Bsdhes fepgock flows

REESQIM dVERIoN BUOWE Qh PR ARSHALIARIERAIEIHRA INHNERNE6:9 43 And
mﬁsolute (200 psia) to 4826 10kPa absolute (700 psia) which is lower

SYESAY AT e PEVI S B e HE SFN AL FEACE AR B ERIB M SOme

dpeladiclg pressikeisyindherang abldhdrkiRanabsphia (SRS kerdRl some
kP% sol et.another embodiment operating pressure

a te (650 psia), and | ,
s e ST R a PR S e B cope
psidi)s Fundhiernibee athdaeram:ti@l.leambmimdhme@mﬂinmlmtm & gieatehed.
Aneuah el RV AL TR BERLINANAN 0F A BRI A OV PRYOS SN in
time. Lower operating pressures provide an a |t|3naFadavantgge In

iPRs Eaditiy dreaerarbbsyl ddeonhendiimieniorapdiodaythgenation occurs in a second
Ry daadRRXYeR AOHPACHOBed REIES WIS ree&}é%{g@ 40 dhe }%}Zﬂgg&{aﬁ)n occurs

hydr%%&n required to remove oxygen from the feedstock component and

propud & theadmoaFrbabet: mhdrstssrreary atics. dssmpevmipenar of the feed

andrsecthisiienanbihr diydiegen ieediam@simisteansiicialdiun anhacRaemic
%O tandpoint. 0%221Ineane embodiment of the invention, the desired amount
0

BB S R BB IS Wb SRSt 95l By Bl cptapgelation.
Yoidi driaroganboon Gthr Eroicesee mhavpemplayest. elecathifiorder of the
FeeHRIRSR QB‘P‘EFi&%ﬁ?%‘Eﬁ%'sﬁ‘c% Jempgrature in the reaction zones since the

reactions arc exothermic reactions. However, the range of recycle to
18818} o ck Theiern @ Bugedduet Sipnisseh hegn aivihaddzd teeoaninakthadevelibf

hysiERaeRdm t(bﬁ%w i RRASEAR Ggagasﬁgfﬁaﬁiéﬁ%&mcﬂrﬁogﬁ%}{%%%“ fle., The

amount of recycle is determined not on temperature co requirements, but
hekoserba SRatigp s Ay BgenrssingrrdyiRem dties seperugrsivmaaraffins in
gieasab 38lubiity intheMydpecorizer Rreducs dhaniii Aersirrihs faRIHeEK B

utili a large hydrocarbaon recycle the solubility of hydrogen in the liquid
BHALATY thBOSBPEALERN SRR b A SPPAF T GHOEh (OSSR Bision,

nay he edethialio trepsaihem aropint el hyedageveimanbuian sl aidveatalsion
deactivation,at | ressures. In.gne, embodiment ) .
e T S Al Ry i S RS S04 OB A e avition
Piptirotaritior éesidiendifeedstpokeissfranti2 typioa8 ylhdve anotheneibo dirpaatfins
OIS i I : :1 and in yet anather.embqgdiment.the ratio
e el A, B L A R B i AR
PRrarse dip Brdreeybn toafsivnsiomrrines ehssuibohlhnpraalifins aip plitdtion poSANld
ASHH3 e SMikaP e Nges Rioh VEHAgs SRR XYE 5SS HRWR. PRSI &L

a recycle to feed ratio of 2:1. From recycle to
cold fTow 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,

-8-
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feed ratios of 2:1 through 6:1 the simulation of USAN 12/193,149 showed
that the hydrogen solubility remained high. Thus, the specific ranges of
vOIREP '%@9(%‘ recycle to feed for this embodiment is determﬁ%%&%‘gﬂ)gﬂn
achieving a suitable hydrogen solubility in the deoxygenation reaction zone.
iii[0023]In another embodiment, instead of recycling hydrocarbon, one or
more of the co- feed components discussed above may be used to provide

teBBlaBiigEsh Rydiioogsn corinemproredre vontrdfDepepdingsponhydrogen
relativer Rt e PSR and %\Ssﬁﬂfrﬁgeﬁlg%%ﬂg&%moﬁg deox%%enation

embodiment may be more economic than'the other. It Is iImportant to note

theRakecrayeiedde edqelighesptivnaydicgemainprie Qoepepgrsfaheiret high
rpeyaieedlyeRieR trigp GO RRla YaPuasaRtR A PYIaeenNal %Qs%@é’ﬂ?)?tion of

a@ieﬁ}ied without recycle or co-feed components. In still another embodiment,

tHE PrOSELLT AT p S LU AAEiRn it oMU ArRRFS PFeTIBRREIR TrsDHEREY O
tooaettntaract, the eptalyst dpactivatioestiests aldiestovetamonate@hining the
h&éd;(o en ti% I;s%gctigrn Rfs%hﬁaﬂi h?r 0 eratirﬂg conditiorgs. [0024]Although the
Nydrocarbons may be Lseful as 3 Hieser s 81Fh FESs RRABIERdRG carbon
2evdedorre e lbébans entiyeysobnmgrise sedsenteaflyrainceianaffinsmbieptiwill zone.

ies; ' ve the.cold flow propertjes of the .

D R vy

i Antiemheatsisprgpites hydraesizsitiopecosiditibydsdacanTibo hydrizstionedrfdr the

seipptiveriybearacking:20peciRvah sast aiallyisameaR. 6 Qa%f&féilil‘ﬁ]t&

isoparaffins. 25[0025]Catalysts and conditions for isomerization are we

KIS ANt upehesxe ey desisdhptratssoncod femonsse May ki mantained at

Iqu&tﬁﬁlfﬁtelﬂ' bie cafes @)Pé‘s@dfé s atikatieatiieh GONENtio RS AsEL: f_&ftﬁhﬁv_estment and
|som%r|zat|gtg'a[5% ﬁreg%tﬁrmmed \}?99 that the proper degree of isomerization

Shd SEIBEIVE: AR PP SIS DS RS A SIS DAY PSP putdHitions

oithegigsinedpproducts. 680 iRridatibneqanchsianrsield 300 ikPa sspritaieduedah),
(o) € kB SAMeE reactor, described aboye.or the
e e OO R Sphadrogen
depReyEaatie reaedon m&i@em@@@mmmmsmérwaﬂdmw@aluw (200
0R9(d SRO8BETIRROOUPRIDT & %@'mla\omﬁ&rm%ﬁohxgg%%ﬂ Hsolute

Isomerization conditions to Isomerize the normal paraffins to'bran
CRARMA: MR HERSHIBBERNSNES. EnRPrhiRkahotdrehrgs isickdregsneiiprgh may
t opergeine soldd Aoy (REQRIBN i tha ok el Berefins BY @URBhtally”, it is meant

ﬁ]mtbtgdiments, a greater amount of isomerization is desired. The predominate
.sameer.%%eﬁ%th“ér%gaﬁ&ﬁso BRARAIYEBPIRSHE-BrdinenB aHpRRb BB AMSAETa
withltie(isHpeiiy afiti, cperatnp ydeoniacking ahitiehyshe cahsamplil] Ress .

re severe the conditions pf the isomerization zone, the greatef the
O I A D S e B
e ibovhueizbXianiabiess thauttainfahaidertidiszabetion of hydrocarbons than
Go2iied f tion increased levels of hydrocracking
s M R Y] AR TS
FOPOPTINERBRTEY: 28tieiTestd et Hiabidiesepdtopaitmges eath spastedmplished

P aRLIARAR! KROWH MRS @fﬁ@rdbaxygéagt@ﬁ&&wté}’ﬁk%ﬁ%é%ﬁ% KNEWE I ot
art. Suitable catalysts comprise a metal of Group VIl (IUPAC 8-10) of the

pehiprs e Bl SiRppoPeeate fad coniminsidedievid hdrosatas fretirighaving

platpousntanetpaliadiuim, sagh abyliBhy M2y fia ¥38dARSABRMID A portion of
t%clarrllbing ion. ThE suépé)ort marherigl_ may be amorphous or crystalline. Suitable
U PO HAEIFAIE IR e A AT A S P B Q8 R ERP S PSP gty be used
silibalaknuindsn tecsiekitéssAditrOb3IbpSAPO-11, SAPO-31, SAPO-37,
SAPO-41, SM-3, MgAPSO0-31, FU-9, NU-10, NU-23, ZSM-12, ZSM-22,
ZSM-23, ZSM-35, ZSM-48, ZSM-50, 4SM-57, MeAPO-11, MeAPO0-31,
MeAPO0-41, MeAPS0-11, MeAPSO0-31, MeAPS0-41, MeAPS0-46, ELAPO-11,
ELAPO-31,
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20ELAPO-41, ELAPSO-11, ELAPSO-31, ELAPSO-41, laumontite, cancrinite,
offretite, hydrogen form of stillbite, magnesium or calcium form of mordenite,
a%orﬁ%éﬂésﬁ%ﬁn or calcium form of partheite, each of which nﬁgy@gzﬁgﬁg@mn
alone or in combination. ALPO-31 is described in US 4,310,440. SAPO-11,
SAPO-31, SAPO-37, and SAPO-41 are described in US 4,440,871. SM-3 is
described in US 4,943,424; US 5,087,347; US 5,158,665; and US 5,208,005.
WH2HSO Bydrdzi eAPSOanthicthésaatansorbpve fondtoritetalfective, a sufficient

j ilicophosphate molecular sieve, re the meta is esiu
B I e R S P M R R,
dFasicrivecsies b Aoperedat bish MrgAmEOs errisdeschisue dnldySd B8,
Mardzalin lol @RI HaE YA hel&3T PRaIS AMIARRRiNBYND he

structure type 31. Many nafural zeolites, such as ferrierite, that have an

HRIRIRP reG R e ot vz e sAkB done SR VR teriatysfanh dasgitxasrs fop etiefiyst. To

skeletalsippipRiZatioprbydIRMAYiRE assaciRiedRIkalLoalaesalkalingisaeihv
metal by ammonium ion exchag;ge and calcination to produce the

QB ArILESAFECD B 8 tR8D B CHIN S SHABHISRI S HY ARSGEIPS AT, Taare costly to
tawihinia tb Spdiate asaidtnpned dIS e Advid2 prdssuth esaatalyats Biopeseliidnstion
fqr skeletal isomerization are disclosed in US 5, 6, US 5,082,956, and
L P e P S e e s ARt 00 i o
$Eledhed frofi0hesgrovpidondistiegioh|drntfamhin ceriypre piasepeyatiinsn [n

i j ini erhi i thereaf .
A O R D T B S B R SRR B30 i 0
Atk kB elued P8 vrinR apdig 28 angiber SNrcgsnom ieterating axsessbesifan thee
I ERWRINKRIRPE SRR A6 206 A 1 the ALBGISLSAIHE@0HMARIREHIALRIEHR rate

process far tube dewaxing by wax isomerization," written by S. J. Miller, in
RGO ANGTARS eS| (L8 om Beiorfonop b beptapRIbP LIS gt daneibe
fA4405 37 1 glven ot B3, 8Bdinel S Sweb B flind Breb M, ArAidd anaddibhadddy Mage

%158,665; LfflS (?,2012)3,0215;[.US 5,246,5 g; US 5,716,897; a§d US 5,851,949
aré" Rereby InGorporate ab??é%%ﬁg&?[ 0SS QS DA 9N Nat B aYies:
Beactesalsisitalsidubifonotide ahcated ps hydrigeisepistitut ednby cark graw fpho Us:
liga- ' ne or mare metals.belgnging to Group VIIA, and is
D B R M S Wy ot
1B ssfertdapdustioayohehpireen 86 0emamismdigobite sescmensoitable
p@;ggkg(;';g{]al catalyst which comprises: (a) a porous crystalline material
isostructural with beta-zeolite selected from boro-silicate (BOR-B) and
BfZhiundmersifekedmep ofths jnrenioeHindesishrmoop af hydreage iskept in
fiahRnthapw Qs dhk Ope Mg Maiak s Qele BaRA R LM MU rocesses
elected from platinum and palladium, in an amount comprised within the
Hasanl?.yc?ﬂﬂ’d%%%b@%fw%weqm R FROEOU e LRBRATIL 5t B o pcteoaznes
#Anés efe r&R0(R000 )k x3héinachesiyas. diotbesrstisabhgcatadysild @QORIIERK ratios

' izati talyst b ft I in th .
R R e B P LTS R R e e
the¢mimperedure tbé 1680 Vw860 dFit amressefiegick/iz ddEambd alotten(250

' 7 i i nt.th .
Q%ﬁz&uﬁg g(ﬁigglareaﬁ%lﬂlﬁt%, 98 %%%%I(f')bal&(? [(}é&étf] %%%?g%ﬁ%og}é%gl% rgef(gnrements.

Isomerization conditions include a temperatur

Phesegpiehes 3 ocairPohibybiute fe30dsiayonroiukPhan istieten B60qedig)ck. By
Qiharoperatingsendiians faniheisameriz ey #o06 %{%WEH&@(}JK‘QQQ%%%

art, and the specific operating conditions used are predetermined and are

HaHENTARE ihBisahe itrssd HroHisbespeeiEaisn A RaciShiR B Rt grwunt
sragueiEn3R NN heicataly siasitabiaifarithadsomgdzation @fde-Raciinia:

hydrocarbons and the
-10-
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conditions of the isomerization zone also operate to cause some

hydrocracking of the WO 2009/151692PCT/US2009/037072 hydrocarbons.

T e?é?g?/el,séﬁ ough a main product of the hydrogenation, de 8??6?3%3,73%
isomerization steps is a paraffinic hydrocarbon fraction suitable for use as

diesel fuel or as a blending component for diesel fuel, a second paraffinic
hydrocarbon suitable for use as an aviation fuel, or as a component for
avitwonviensias, diso gemerateto Ay diostriativegicthio Sedsceptisdrom 2:1to 8:1. In
caRarRREAlsmRtRarRMRR formad fram eneyable lf%$9 %&ﬁ%&%&%ﬁ}{b%ﬁm%% the
to 18 carbon atoms, but additional paraffins may be formed to provide a

rRHGdSAR thrreeeord 44 ddih Sl albsngep et tisitablethelwoerraiop afafrdrecarbon
isemesizeddabanehacsamailinpehih e SRR THARE 73998 4f Qﬁ‘i@gfgﬁnges

oes not alter with isomerization alone. However, some hydrocracking will

SEOY CBRTLAPEIMY WRETR RO F90HH:Peifioh, (gerstaimipshratinm Rabifgm ereyele to

Westingtipsist 2 ftamicleAE: tatzdfGunbishdsUswer thaothad ehshe ity Birogen
reaction zone. The

C15 to. C18 paraffin duced in the deoxygenatjo

SR SERTSRIRD R i RN RA) S S0P see GRS G
carbtdaneftie drtesoprrbibectdromnthie tiger dodillig pdinkeangkbidficintihe

iﬁgg;g? zation 2908 in grder to produce an aviation fuel. This will lower the
overall yield of diesel %el but allows the production of two fuel products: a
180Rdkel fliepagthes Arakediioenfuiek ipde Hrevelsesanzoityrhothenisormearizafidire co-
zenec6RpERlE e RteRtiALYIElRL O HRIRENES 5@&&%‘:&8%1‘&311&2‘8&@%%%&0 nd

light products that are not useful for diesel fuel or aviation fuél, and

iSOHREAZERABHNa e Urs BRe et i qogie et hahybidersbontad the co-feed

kydhiacratking ismboaisiiechipraugbreatayshehaicarndigagtio itiepsdp
ntat%t*gmgt tlo restrict the degree of h&grocracking occurring. Ideally, each
DAV AR SIS WS & SRESAE RS B9 acE JReh el B UEiRty o R canesd
idealijcthdtsingleanydroct aghing: exent mowd sasuleinvatleastongeparafiivein
t 9 10.C15 carbon number,range,, Careful choice of catalyst and control of
B S T A L
pmwgﬁnﬂﬁ@t@mmi@ﬁeﬁj@ cangaasttile enislysizingttheipnadiection Oktiwevtight
aasiis gk nat e loh nelthendisheliunl ar.aialion fuel applications.
y ase

&0031 Fuel specifications are typically no upon carbon number

20Hs. Indteeyshbedpenrasnon sror heitterbherypdissef fiumlonrdiofed fuel blending
exnpRread theaugmagespinie @ngrsisf ahepieatandiRhysicakie PR w

of the fuel. For example, aviation turbine fuels, a kerosene type fuel including
BIORSTUR SRSy @‘I\ﬁﬂl‘iﬁ?ﬁ%@f%‘?ﬁPfﬁl}eallﬂ}éﬁéﬁﬁifb‘é’ééfmg,aw’és‘éﬁe
saadtlighirdisic ait el s sipacHiadinyMboridTizatior 4aaigh IR AideNes et

30type fuel with Iow.votlatilit dang hi hﬂ‘l sh pojnt is also specified by .
TR B oA A Lo e AT GH A BRI gt e Ry somerize
tevisearatifte ro asopstildition range from 10 WO

151 / 009/037072 percent recovered to a final boili int
B R e e
rargRls 5% AYMERRPIRE dsLirddchysABDMOTated Mottfodiioe8s ior DA8EY The
Ihereiae.sbianding i%ﬂ'eﬁfsaﬁ%aswaﬁmiﬁmgﬁﬁt%@@%@@?%%@g&}}?caﬁon

is quite common. While the aviation fuel product of the present invention may

fipepargoiamondusisEye cmekignse ichicrpdemertig Bodsenimgnpeoifi¢asions of
PEOgidFENIR ARSI TaRENEIGOMRBRS RS MAY RE&HitRdHQ Biagt the drsitesh

set of fuel specifications. In other words, one product of this invention is a

YIRS B AR ey d 2Ry SR SO MSBRAYOR SARDE iR QU@ a separate

meetinghatpiedstanenotitheyspesificatiensdosaviationfual SUBRBSoIRISfibe
desired aviation fuel product is a highly paraffinic distillate fuel component
having a paraffin content 100of at least75% by volume. [0032]The catalysts of
the subject process can be formulated using industry standard techniques. It
may be manufactured in the form of a cylindrical extrudate having a diameter
of from 0.8 to 3.2 mm ( 1/32in to 1/8 in). The catalyst can be made in any
other desired form such as a sphere or pellet. The extrudate may be in forms
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[0033]The stream obtained after all reactions have been carried out, the final
effluent stream, is now processed through one or more separation steps to
oBYQAAY I8K&2 two purified hydrocarbon product streams, one’ Sgélfﬁ?oa@ Y7072
diesel fuel or diesel fuel blending component 20and a second useful as
aviation fuel or an aviation fuel blending component. At least a third lighter
stream of components not useful as diesel or aviation fuel is also separated.
[cogw\rithaheefflearithsthogen ofithmiseatienzatibtican o seleetive the normal
DU AR 00 b ARG RN CIMDANEM AR ART RO Ruiea.
component, various portions of which may be recycled, muftlpfe s%paré]tlon

StOySRgVBEERs Il vEBobleampldhdweirod @araitns Ha obfirstbedamenédan
2SRRI REMENLBEPRIALQIWIth iR 38 RATAEL NI LG8 RBIRG: is generally

removed in an overhead stream. Suitable operating conditions of the

RO RAg S RdRRsardtse i the Toreiaipiesontdnierstiaseitbo c

apdtapteaswi@ 64t Othk R sl ke EGORIREIAY off HRAEEHS&48Yh zone, the greater
oncentrati f carhon oxides, qr the carbon oxides are removed, the

i O e Tt BT R e SC R R e EhSper

fievruedzingth aeSRsutadtificatiendiasbarontof bothtad amiitkhihecemdindertas a

tream. The remainder i sed to the isomerization reaction zone
e e O BRUA e R

QMQQMBQQPMO@WWWMmeHzaﬂon reaction zone feed streams
Hoedsier OrREVidR the bR e aRAN HYHICAR RARIRLRESRIES A9 gdrﬁ%gr-t

The hydrogen is also a reactant in the déoxygenation reactors, and differen

fERYSIdEIeS Wi BsrstpnBYafaesty Arisbistehny meyarn thaersSwiehizanmhysts
ebiynnt sepasptp cgyvsiftexility fordher propessde PRI alR SVEFH¥WNE terial.

Igégg?r amounts of hydrogen 5 are consumed in the first reaction zone.

L s, Gl dadpls BEMsPBHE AN BATALPBr ERSROFIEPIEMY b e alone
Imdmenizsitinioefiiie sijgeparateimayyie aeypleddorthgsianime Saation sgastion
zone.to increase the degree of isomerization. [Q035]The remainder af the
o S s A B e, ALPO-
@as%@@-éhrﬁwﬁbhtssaﬁdtﬂ§m-&y tBdrhiyigadSOehi aEl_aEr,_ oadlioghdr-23,
N 10£001InG A0 BISHEM 953 AVACHIIRISH WARIRINGIAHIS. ELTORAMRS 1,

is separated from the gaseous component. Suitable operating conditions of

MeddhrdeMiar Pl dildeA RS ek briYsid PAQethp et BpO o261 D¢t 1aRBAPO-31,
pressyrei OEBRPOTR 2pARIuR PG RPG)-A WALRLAYR eHEh AU QAR %358 ogen

separated. At least a portion of the liquid component, after cooling and
P b o megs YR b FU SR RIS B Red jRager BHeIors eaim form of
isomekzaibpzeneh hajodnstaasaine degreamnbisoMEPGLIOR dBYAE in US

ring t Id s rator, the remainder of the isomerization and selective
AL RAN AR TR o AVl el R OV
hyldsogen sirfiiHeodydPHetd SHaand7atd thissgesalting USHRIsEDSINMaNPR@Ys a

i 2d into the cold separator. [0036]The liguid,compgnent contain
o e S e
eargetdh e deaxsons uan Vg)idtidnbie dleaf§e i dasdassondyde dpeshSONS 1as

MEN SR IR IMQLRAtE 9F AR Bha,AR JNeSRRaMREdIG8H 758 419

If%%re/?egonem is further purified in a product fractionation zone which separates
r

Kitihg earasareMe AP bisbem el peses MeARRQ baianthepirthge 31.
SLeAMLRN ACRISLTaNGErRIRECthaNh @ diesaldRNYauREa Rt sBItabIR

conditions of the product distillation zone 25include a temperature

operatin | ' |
PRI kDB glrEmkslr ahgonpiadi By emP B8 Fsgunted alkali metal

or alkaline earth metal by ammonium ion exchange and calcination to produce the substantially
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kPa absolute (0 to 200 psia). The conditions of the distillation zone may be
adjusted to control the relative amounts of hydrocarbon contained in the

av é{ﬁ;"ﬂ%ﬁ}&s’& product stream and the diesel range product shELip2009/037072
[00371The LPG and naphtha stream may be further separated in a
debutanizer or 30depropanizer in order to separate the LPG into an overhead
stream, leaving the naphtha in a bottoms stream. Suitable operating
dordigon®mof, t sauglit indhSde78 YeA%rexhtifid. 0241027 POrtht@atalysts and conditions
200 ah& LA 5200 QR L0 7 195299 %&Pﬁﬂ%@%&%ﬂ&’rﬁg@%ﬁ%}%.
from O to 2758 kPa absolute (0 to 400 psia). The LPG may be sold as
Vv8\dble pFbairemsrigtgbatabstnaycise eprosies sesodifich wiceeéadnmchs group
hyRasnRIQAMEaR, iR &éﬁ@ﬂ@ﬂﬁitﬁﬁ?&@@%}m%Hﬁ%g[dﬁﬁmﬁrterbium,

processes, such as the feed to a hydroggen production facility. 5[0038]In
AR IRBIER Hsdmiett I8 SivgeHEE oh BSRIMANGHR) IS bk dtdiiennblagepport
iRutesieamadwitNhe hydrecaripng smitahle HRn uredR @isiesel fuehy 8AMaveg in

tom .of the column, hydrocarbons suitable for use in an aviation
A A e RALER i SRR R i
rem dueckiizaiset ondtsitbyctitiantl HreipMpaperandNightign ds 190 g 32y atle
in an.over ¢ . e irpent, a fir )
B e L T VAL edpy
AN8TiSA7USIsSiA 8. 6050 HOrHS WK ) 282 45rbpEres RgHOSABsyalidSriagHitiadd are

RRANLEINGR B R@tnA:Second fractionation column may be used to

separate the hydrocarbons suitable for use in a diesel fuel into a bottoms
§ of Hreetitthi? andi 1S drdtattdiraduitatiblo Piligcinnahcatalsionbigle s
iR aneysiheashsipmam afithaicrimg) whilsha dhifd i acianstieRae) Wikkoup

may be employed to separate the naphtha range hydrocarbons from the
proptABHRa RS HY & e RIS RaT G AR oNERThRRgY sh RefAISIBY epptaining
[R629hkhe opesai ageorditinns1 of 1en0 5908, RO et tigRBLOs faabuBNABAREYst
R B ) e A L Al PR B RIS RN SR
Of the SrEaAMs a% Wl as' composaftl{)lﬁ o %e%farévéar R FRiwtG s ected from
Witkahbvate B OReR)stnd oo Riypiced-siieattiid- BORaBableghivie thkmewm $iGhal,0;
istillati (! . r re uum to
L L SRS SR ARSI WIS o
Phape sndhpyladierm;dnomraeudjeserticed apbinéin peesaf sramB 8 opSsh the
distiationgovnenichisiefare iy distilationyariablep@e AivsiedsWithnother
respect to a particular feedstock in order to achieve a temperature cut point
?8‘&?}@ $BR5Guct that meets desired properties. 25Table 1 shows the effect

popypduct iy epetdiemiiane g 0ydiosarapBierRds Wy agissHR tRafiRath as those
Hoiliqlgﬁéergfgera re. Thg]efgeds .and B were processed from the same
VLTS8 Y B GBR Yn B RSP SRS & FRNO AR d Lt Ry e mRRE e of
toonditiorio it aahagndsairdibie ient isPamdkization Hnehag e clives pdraskaetiqepo
con i iO{}%ﬂf‘% afes 1It ggtetgg ﬁoa@diz%tgggferg iip the i§oé)nortmal rattio an{i 300°C ¢
Bloud point. fnitlal)%ofﬁlng poin o the aviation fuar eut 3orénvahad %rc?nostanp °
4080t anthepescannp lds3H0T Bkeabetbael (ASH pwahat 337 dWimgbtobigaSi@gsia). Other
bperRR0e iRk BraRct A NRGIAn ek RlSReRllE Rl @RISR
also WO 2009/151692PCT/US2009/037072 isomerized/normal paraffin ratio.
qpsERFEGPBti s 289dotiR iRdgiejay Ted andpeciivpadiationdudic eyirsdatoghs!
fresreninhapegificrigA ot ReSislieg! is - 47C. Therefore the desired
ﬁﬁe;zgr{ating arameters for the isomerization reactor and the distillation column

lgevepaintyyiespierledon e poartprisoni e siva iniaydrgeatbons and the

conditions of the isomerization zone also operate to cause some hydrocracking of the
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Ex. Feed Aviation Cut End BY. (C) Aviation product (iso/normal) Freeze Point

CVCV 120,3\9/21%56@& -:327A270n.a-443 A2654.4-484 PCT/US2009/037072

hydrocarbons. Therefore, although a main product of the hydrogenation, deoxygenation, and
isomerization steps is a paraffinic hydrocarbon fraction suitable for use as diesel fuel or as a
blending component for diesel fuel, a second paraffinic hydrocarbon suitable for use as an
aviation fuel, or as a component for aviation fuel is also generated. As illustrative of this
concept, a concentration of paraffins formed from renewable feedstocks typically has 15 to
18 carbon atoms, but additional paraffins may be formed to provide a range of from 8 to 24
carbon atoms. A portion of the normal paraffins are isomerized to branched paraffins, but the
carbon number range of paraffins does not alter with isomerization alone. However, some
hydrocracking will occur concurrently with the isomerization, generating paraffins having
boiling points from 150°C to 300°C which is lower than that of the majority of C15 to C18
paraffins produced in the deoxygenation reaction zone. The 150°C to 300°C boiling point
range meets many aviation fuel specifications and can therefore be separated from the other
boiling point ranges after the isomerization zone in order to produce an aviation fuel. This
will lower the overall yield of diesel fuel but allows the production of two fuel products: a
diesel fuel and an aviation fuel. The process severity in the isomerization zone controls the
potential yield of product for aviation fuel, the amount of light products that are not useful for
diesel fuel or aviation fuel, and the isomerized/normal ratio of both aviation and diesel range
fuel. The hydrocracking is controlled through catalyst choice and reaction conditions in an
attempt to restrict the degree of hydrocracking occurring. Ideally, each paraffin molecule
would experience only a single hydrocracking event and ideally that single hydrocracking
event would result in at least one paraffin in the C9 to C15 carbon number range. Careful
choice of catalyst and control of the process conditions in the isomerization zone both
maximizes paraffin products in the aviation fuel range while minimizing the production of the
light paraffins that are not useful for either diesel fuel or aviation fuel applications.

[0031] Fuel specifications are typically not based upon carbon number ranges. Instead,
the specifications for different types of fuels are often expressed through acceptable ranges of
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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B 275 6.5 -49 100401With the present invention, at least 10 wt.-% of aviation
fuel or aviation fuel blending component can be recovered. The wt.-% of

d¥QA NS es from 10 to 80 wt.-%. Therefore, wide flexibiity/ A& 037072
relative amounts of diesel range fuel and aviation range fuel 10is achieved.

The balance of the product is the naphtha and the light ends. Higher amounts
of aviation range fuel is produced by increasing the severity of the _
iReRsatiRstver T tridinA datlenprsieiss sedarity hnpasuctmoldinipgrdifferckingpes of

PN SNGIBAMEZAIRNERHHAN 2R SIS SRR AR ME%%%%‘%JFB%SI

to aviation fuel and the lighter materials. The remaining diesel fraction wil
JiberHatre MeAne PUd§iaenbr e8RS AN A4S0 D 4 e Gl iHHERRS ifrfuite

genpiah eNaqt eldnciaasino-PR6ARS somdiiRieaerrdlyif the isernerizatiofuel
reactor on the amount of diesel fuel, aviation fuel, and light products

SPSELISAEPT this SFRECESE A s Brndiag A i Poeict & Whathsr RirdriRarbons
iwothpoastiationyfte k¢qangel romadn tie WRitie sel doaldrassioficalibasigamaeizatiaon, one

S Defsans e same n he second case hutngw e avtion elis, .
ge%altlrategl[l;rr]\ S B e L ST TR RS S 1R SRR TS
0wt e tio 28 Wwesonavibtien feafisiiensdvedvimicaielthude thiP s @ritgesired
RGN A0 SR GiRARRH AN ID /IR R P BP hrene
mo?e aviatiggfuel and Ieglslsy((ijgiesel. AC\Iso,lsince tehe ;%?rocra‘((:%né re%(r;%?gln 5o
RbEtdally S& Sy tkadume amount of light products also increase. The severity

PhOBE) ISOMRLIZALGH! SRAOLARR QRIASERARY HAHARMRNY ARRGFSHRSard

including higher temperatures, lower space velocity, different pressure,
(FFHSHE /ARGy &R TBeRartat dh diedPam g fomibiEE s oridRs B v dismeigo !
fidin Y2005 T 682Gl AASR] TN/ (¢ keSS AR iMAY RHER RVIRUGBrm

1;%(3 at ghse highest progess severity. At sych conditions little qje el fuel

remains \%ﬂ% ?ﬁBeg%gfg‘&%%‘Engﬂ’&yf%%% {S8'50 Sféﬁﬁfh‘ilf/.y *f‘iglfl*:dﬁ % Higform
PfocedkkBewaetttijobe or other shape which has advantages in terms or reduced diffusional
distance or pressure drop.

[0033] The stream obtained after all reactions have been carried out, the final effluent
stream, is now processed through one or more separation steps to obtain at least two purified
hydrocarbon product streams, one useful as a diesel fuel or diesel fuel blending component
and a second useful as aviation fuel or an aviation fuel blending component. At least a third
lighter stream of components not useful as diesel or aviation fuel is also separated.

[0034] With the effluent stream of the isomerization and selective hydrocracking zone
comprising both a liquid component and a gaseous component, various portions of which
may be recycled, multiple separation steps may be employed. For example, hydrogen may be
first separated in a isomerization effluent separator with the separated hydrogen being
removed in an overhead stream. Suitable operating conditions of the isomerization effluent
separator include, for example, a temperature of 230°C 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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Diesel Fuel (wt%) Aviation Fuel (wt%) Light materials (wt%) #1 Maximum
diesel fuel Mild 70-80% 0% 20-30% #2 Minimum production of lights with
sOMEWAti8 P fuel production Mild 60-70% 10-20% 20-30% #5HiHER/037072
aviation fuel yields with diesel production Elevated 40-50% 20-25% 25-40%

#4 Highest aviation fuel yields while minimizing lights
isomerization reaction zone feed streams in order to provide the necessary hydrogen partial
pressures for the reactor. The hydrogen is also a reactant in the deoxygenation reactors, and
different feedstocks will consume different amounts of hydrogen. The isomerization effluent
separator allows flexibility for the process to operate even when larger amounts of hydrogen
are consumed in the first reaction zone. Furthermore, at least a portion of the remainder or
bottoms stream of the isomerization effluent separator may be recycled to the isomerization
reaction zone to increase the degree of isomerization.
[0035] The remainder of the isomerization effluent after the removal of hydrogen still has
liquid and gaseous components and is cooled, by techniques such as air cooling or water
cooling and passed to a cold separator where the liquid component is separated from the
gaseous component. Suitable operating conditions of the cold separator include, for example,
a temperature of 20 to 60°C and a pressure of 3850 kPa absolute (560 psia). A water
byproduct stream is also separated. At least a portion of the liquid component, after cooling
and separating from the gaseous component, may be recycled back to the isomerization zone
to increase the degree of isomerization. Prior to entering the cold separator, the remainder of
the isomerization and selective hydrocracking zone effluent may be combined with the hot
high pressure hydrogen stripper overhead stream, and the resulting combined stream may be
introduced into the cold separator.
[0036] The liquid component contains the hydrocarbons useful as diesel fuel and aviation
fuel, termed diesel fuel range hydrocarbons and aviation fuel range hydrocarbons,
respectively, as well as smaller amounts of naphtha and LPG. The separated liquid
component is further purified in a product fractionation zone which separates lower boiling
components and dissolved gases into an LPG and naphtha stream; an aviation range product;
and a diesel range product. Suitable operating conditions of the product distillation zone
include a temperature of from 20 to 200°C at the overhead and a pressure from 0 to 1379
kPa absolute (0 to 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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High 30-40% 30-35% 25-40% #5 Maximum aviation fuel Severe <10%
40-45% 45-50% 5 [0042]A portion of the product diesel-range hydrocarbon is

re‘é%&??’félﬂ?é hydrogenating and deoxygenating reaction zoﬂ(é./?ﬁ@%?ﬁ&@

stream may be taken from the product hydrocarbon stream after the
hydrogenating and deoxygenating reactor(s) and separation of gaseous
components, and recycled back to the hydrogenating and deoxygenating
nea20orGit Ge inthrdaeryela pixssure ey Medak?ss kbmuthel@ifli@ant40Dasia). The

JERAIROR- 10lh RUERAB2NOHIAN BISSSLICAPRIRLPT (AL PEMEER NG, |
eoXygenation reaction zone and the 1somerization Teaction zone. A porion
by drpgrdrorsshistiostreility. fiomil ddy, elkamphthanot righepie ssrepsepasetouoh as

aneqld high gﬁm%%mﬂpfagw also be cooled down if necessary and
0

used as cool quench liquid between the beds of the deoxygenation reaction

203810 fulretodisrBbetimeshentiog pdaaion epltnprends deranahdiguiebfdde four

QMAEENAIAShd RRIFEGYSIR SRR MR RS AT R ERL IR ths LI8LAT i0bottom of
deoxygenation reaction zone and/or to any subsequent beds or reactors. One

SHEBPHRdsocrbeassB IRl {R 8T8 haBGHAsth BISbFABaT st e ed ¢ tidecuts
theliociridhteinhiel saphivievere Bsitlisetissed iabaveotheirre@uidahe propane and

hydrocarbon recycle herein is deteymined based upon the desired hydrogen
S T e T T e S DOy RSO e &
feattioationxtoleral ioasstppatctedsidioopdrati oncéillovdisspress uvesioarfdelhisto a
ting with high recycle and maintaining high levels of
ok, I MR SR A AME RN e Roone
andtiention seheformahonsef imeRpsivablberibavycadmsonisais ek laaudiosel
eakiIRAASbABINH AR IR UORMAAASIOARABIN L0G RERCRT S0 Y SAIRY R fuel

steam reforming zone in order to provide 25hydrogen to the

R ArBLRYSERS ey GE RSFOM 2 Wi RitridBIA Eis HeRHIo® pRumRanatebm s mployed
20091502 TR0 AR A s mig PrRassia AMEhUNWD, dividing
chemical process for [od cing hydrogen, and is the most common method

Of lr%?j '&%S aﬁ%ﬁ’é‘ﬁ ydrogen and carbon oxide mixtures. A

SaRicarbbine @p&&iﬁgmmiﬁwsaoi&mﬂbab/ﬁﬁaibterﬁae&edaﬁbh i@hmampﬂiy_wgsw to
mdRLo08N, AR, GAUEOD XER: SARRALMATRES PR AP
g reacton Is
the composition of the hydrocarbon mixture withdrawn in each stream. Typical operating
variables well known in the distillation art include column temperature, column pressure
(vacuum to above atmospheric), reflux ratio, and the like. The result of changing column
variables, however, is only to adjust the vapor temperature at the top of the distillation
column. Therefore the distillation variables are adjusted with respect to a particular feedstock
in order to achieve a temperature cut point to give a product that meets desired properties.
Table 1 shows 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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5strongly endothermic, heat must be supplied to the reactant mixture, such
as by heating the tubes in a furnace or reformer. A specific type of steam
re‘?’o?yﬁlol??&%%ﬁtothermal reforming, also called catalytic parti OEatEA TS
process differs from catalytic steam reforming in that the heat is supplied by
the partial internal combustion of the feedstock with oxygen or air, and not
supplied from an external source. In general, the amount of reforming
depriesyeddepentisadfineatiotdinpeqtuce Dfdhepgas dbavingthe spdalistvexibn
tﬁlaquélf%!{%ﬂﬂewfr‘q@@9818@98%5%&?%?1%[@ tgt%eqli or Eviﬁglp ?af‘le the desired
hydrocarbon reforming. Pressures may range qu to 4000 kPa absolute.
SREAMNBRIFAMSE Ed falPstés amenival answioa Arddbadistiiotien cabatystauatdevelop
switeklepfer sadrjherRrssantdavgntion. 10044]Typically, natural gas is the
most predominate feedstock to a steam reforming 15process. However, in

the present invention, hydrocarbons 1too light for the desired products
may be generated at any of the reaction zones. For example, in the
deoxygenati )r%éo n}%gréropméaima CommeayviayigrodultictQthamréezeto €3
paraffins may be p nt I se| lighter, components m e
separated from the desife DM(\),rﬁti%'r-lE?)%th D d(@g%lggﬁgiﬁon eiflﬂlélﬁ%g%d
to the steam|refomifig zone fot&he generation hhydrogen. Sisgilarly,
paraffins haying Z0eightor fessfarbon atoms-fropr theefftuent,of th
isomerizatiot ay/be conducted tg the reforming zone. Therefare, the
lighter materjafs frorﬁtha deox3enation, isometization and hyéiBocracking
zones are difegtef, glong with sfeam, 10 a refogming zomne- 1 fge Tefprming
zone, the lighter hydrocarbons and steam are catalytically reacted tolform
hydrogen and carbon oxides. The steam reforming product may be recycled

ey of thedeastpiaaneeiidi Aidasatidaleast SvAaGeniR B ARIOR .l
éine. Optionally, the hydrogen arated from the carbon oxides

. may be se [

RS TP RES R8PPSR s&foﬁp ahtierd Leprpssdmyyienstay--%.
Fadetycledide Aryitolitha tkactlonvzanesnSioteibydragemisl aRiexpansiYenge fuel
resqQurce, ggnerating at.least a,partion of the required hydrogen from the
A oS e L oL SRR D 0 o
pvéémavgﬁﬂéammrbue}mmséng&srabienivheﬁﬂmwimﬂerimﬁem weoeadf As the
?Péaégsr@g%ﬁ iﬂafea_@é%@xm%ﬁck}ﬁ@&%%%%@?&Ee%ﬂ%%%%%’%oéz 02

0045]In an alternative embodiment, catalytic reforming may be empf%)ye(gle’
hatiagagrastioanl ibetinielfupl @ ayban dachdchedigitinmatonds tRbasations

ineberp-deby dragenatinn Jdehvaregyelizatigmdsomssization, and
hydrocracking. The dehydrogenation reactions typically will be the
UM P PR Skt SRR RE S AR TR S ity of the
haefydrogenaiien of prratfinsdordriasube dehya FRaeRaliBehOhroducts produced.
ﬁyﬁllgr?ﬁéacnes to alk Icyclogaraffl S a&d tge dehydrocyclization of acyclic
ParSHine ShG REUREBIAE R PapsHsticnd +H &ydmrrbonit e aratdn fuel range
'mnigideini isodissizkbirefinapaiafiinsierissiparaifingy tembivd misamerizalkasehd
lelins pisaparallinn: Ao NG lsamprizafion ol substiledaromatics; Thei,
hydrocracking reactions include the hyarocraclf(mg of paraffins. The
é?@ﬁ?éﬁi&ﬁtﬂﬂ o er%-tqﬂ@awaﬁhsmtmmfnaltiss_dm(gmde ral Inyami_mid dteslet@_xﬁle of
ohbnsienipble hircausealdbeianA5ANG Jalndeh e seUling AEmRlE o
E‘roduct. In this application, the hydrogen-generated by the reactions is also a
gyddesidiesgrotlier siagatls hadirqugkiosterasiontisereldosaiyentetivrezbnemount

Jhehyshkeaen asoaiataskismeeyalest{Q Ay RbNSIISAGHAREONES: BB creased

hydrogenation/deoxygenation zone, the isomerization zone, and or the

CERUEHVRRY APBERALIGN (PRt RIS R STRORTAMEF T WG, SPatR e/ dpsifatdifferent

pleteirs)j defteiba Bpdosiantiansmftheavigdincombination of these. The last case
-18-
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component and the diesel component to be produced. The operator then
determines the yield of each component to be produced while still meeting
th‘g%é@l?@alg%eciﬁcations. With those parameters now set, th]éc%'é%ﬁ%glm 072
determines the operating conditions of the isomerization and selective
hydrogenation zone and the operating conditions of the fractionation zone to
control the slate of hydrocarbons being produced and separated so that the
gsedifdatudam yisldendrslmcheThgres pemewablerigedstockhstoedinios little
hich aaRss DIRHARARQRIRIPLIRAS AR AU I8 FRMPINed with
recycle gas stream 68 and recycle stream 16 to form combined feed stream
20, which is heat exchanged with reactor effluent and then introduced into

25deoxygenation reactor 4. The heatigyghange may occur before or after the
recycle-is-combined—with the feed. Deoxygenation reactor 4 may contain

multiple beds shown as 4a, 4b jand 4c. Deoxygenation reactévidigortaing-ight

legst.one catalyst capable of catalﬁé‘ffgﬁ@ecarb&m}gﬁﬁ' and/Efr“e' materials

Wt%) (Wi%)

YOG aRDauan of the feedstock,fg remmove OXBEET- L;(—,‘U)@{,gt:nctiwéo_:aoo/o

'eaomirifuead Blieaiighgontaining the prod[icts of the defarboxytation
witiering driatenivebrndtetionregctiondtis 30removiderfeom deaspganationo-30%

'éé'tghet avirdidnefael sietsisariged with stream 20 containing feed to the

BRI QEIHENOR reactor-Stream| 6 cdRBAdes E\_uqiﬂﬁﬂ;ﬁmp
ofreacte . :
%@Wﬁgg %’ WS ?GBQH@EGQZPC%HSZO( 9/037072 pafaffin hydiocarbons

HIIAYERTIE AN A YasKIHS COMPOngH Contatifm i 45-50%

nydrogen, vaporous water, carbon monoxide, carbor dioxide and propane:
é0047 Deoxygenation reactor effluent stream 6 is then directed to hot high
P84&lire HyPSERMAL S pEPdsChigsl upnay dbdERAho e ae ol divithechisiogoveting
podtiRosyseap toaiantoad OthdviakeunbydredsBdmelieabm iR jhalse
[ troducé-:‘d to hot i%gh ressure hydrogen stripper 8. In hot h‘ig}:l pressure
G L TS BB B RS LRRS BB s B8 R5ariAiohapdaeRsation of
efffvant Gipeatactvetyrstrigpétiion thehidrigesampanensal deaKueenation). Or
ffluent 6 usi ake-u drqoe a and recycle hydrogen 28. The

e R s S TR o bR vt
méﬁss_@dep?eamomﬁ@giuet‘am ttddast@portionL0obihomprophihe issmerization
selesdly el oppsated Pl IR RIGRIH S DYarasN SiPRal Pyathead. o
stream 14. The remaining liquid component of deoxygeﬁatlon reag{1 effluent
ECBYHBTRiG PSRRI AP pRIPAITs Blindaceakisbivnariiver dromy 8ubu@ad as
with @uetrngunBReEATROTQILOPHR HRBIQVEH A PO RIGN BrE S Y LRAS the
Btrlﬁg r bottom 12. [0048]A portion of hot high pressure hydrogen stripper

BHOMS YIRS AetddeeiMlEt A RE R CBFRBI e d tRithryelielestiomay be
feecbicaktstieninlc? dothear i gambine tkieash 20n AGABEHBRYQUHRE4ESHDEIS or
%‘,etzrlgtagS] %,e%pgg ita\?lﬁhregrq 16a, may be routed directly to deoxygenation
FEACIOr 4 And It odUCS G AT RS PGS B e Ao RO LT e aRGaRF Blsg acagss the
'alddfﬂbzéhdd@rlb@&mnabddsmraawe, ihcoraiennonExanolebsa aielie herein is
iempRIRn 4. E0NHSL e AMANGELL hOLNIGD pressute mudkonen Siope

thi ;
bottoms in stream 12 is combine u(g’rlod’e e Leactiop gonie. dncreasing the
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[%6 ﬂnd after optional heat exchange with stream 18, is introduced into
4 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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25hydrogen separator 26. The overhead stream 28 from hydrogen separator
26 contains primarily hydrogen which may be recycled back to hot high
pP@gs%fng/ ]r?)}ggr%)gen stripper 8. Bottom stream 30 from hydroggﬁggf)%{%’é’f?ﬁ@@
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
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WS diesEprdriomaae Faivatbe sensmtirmefiiyduiean S DEAf IS baving

Hgh6o3 4 Qadohatehy HosPiRosaIeh 0 tRiesnER s LRt rrﬁ%(;b% ARl ed to the
argine,s for the first amine absorber zone from DOW include the

REEEP ) AE°iridiedibishzatgiah Jom Bieisonsgmuonpemsriatign and
hyiotfa&idg Adnescachimpdioxitiaaridinytogens stdfidniazeaRsar Ry i8g zone,

mine while the hydrogen passes through first amine scrubber zone and into
S s e A vt L b
ohalenionidioxidd2bandrbdaitogsrbs udfigdedre nelesfshel randise maven indinge at
ithi i i > ne, regenerated amine m e recycled
e e S S o genton
ArssLs8eatedroubhsiasbifioaRisacseiobbmdzbnecsBaioh lerlumataimy herecycled

RNSSEIECHMEIL hYAreara ﬁ&ﬂg%?n %f%’éﬁéﬁ%%&h%%@&%ﬁi%ﬁﬁm a

Again, suitable amines are available from DOW and from BASF, and in one
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UCARSOL(tm) HS series solvents such as HS 101, HS 102, HS 103, HS
104, HS 115. Therefore WO 2009/151692PCT/US2009/037072 the carbon
di‘&%%&%"%{éﬁ&% through second amine scrubber zone 58 and e Be 1
amine may be regenerated which releases the hydrogen sulfide into line 60.
Regenerated amine is then reused, and the hydrogen sulfide may be
recycled to the deoxygenation reaction zone. Conditions for the first scrubber
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stream 6 containing the products of the decarboxylation and/or hydrodeoxygenation reactions is

ﬁg)énbined

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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diesel fuel. Case 5 was run at higher temperatures and lower space velocity

than Case 4 resultlng in a significant increase in the amount of yield o
anation fﬁ%lP §‘ubstant|ally less yield of diesel fuel, and hlgher |§¥5("H§7r?22{{)?)7r?72

levels for each fuel. In the final case aviation 10fuel is maximized to 43% with
only 5% diesel remaining though a combination of higher temperature, lower
space velocity and higher pressure than case 1. The production of lights
ih@lﬂéﬁééﬁd’f@@@% Bribethissddibiniz saien dadel sbdsotrtuatensrsasinhig reely

bES \%Féﬁﬁﬁ%?@%lﬁ)ﬂ_ RISIRRIAUE Co IR SnlffpRsgiauge (psiq) LHSY
([00]4-2 DleseDe\c/)V;([gge(rll/artll)or'? Yelgﬂgp e%ﬁg/gz s(tlzgam 6g 12tt§1e(1\{\,(§(:{%cted to hot high pressure
hydrogen stripper 8. Make up hydrogen in line 10 is divided into two portions, stream 10a and
10b. Make up hydrogen in stream 10a is also introduced to hot high pressure hydrogen stripper
8. In hot high pressure hydrogen stripper 8, the gaseous component of deoxygenation reactor
effluent 6 is selectively stripped from the liquid component of deoxygenation reactor effluent 6
using make-up hydrogen 10a and recycle hydrogen 28. The dissolved gaseous component
comprising hydrogen, vaporous water, carbon monoxide, carbon dioxide and at least a portion
of the propane, is selectively separated into hot high pressure hydrogen stripper overhead stream
14. The remaining liquid component of deoxygenation reactor effluent 6 comprising primarily
normal paraffins having a carbon number from 8 to 24 with a cetane number of 60 to 100 is
removed as hot high pressure hydrogen stripper bottom 12.

[0048] A portion of hot high pressure hydrogen stripper bottoms forms recycle stream 16
and is combined with renewable feedstock stream 2 to create combined feed 20. Another
portion of recycle stream 16, optional stream 16a, may be routed directly to deoxygenation
reactor 4 and introduced at interstage locations such as between beds 4a and 4b and or between
beds 4b and 4c¢ in order, or example, to aid in temperature control. The remainder of hot high
pressure hydrogen stripper bottoms in stream 12 is combined with hydrogen stream 10b to form
combined stream 18 which is routed to isomerization and selective hydrocracking reactor 22.
Stream 18 may be heat exchanged with isomerization reactor effluent 24.

[0049]  The product of the isomerization and selective hydrocracker reactor containing a
gaseous portion of hydrogen and propane and a branched-paraffin-enriched liquid portion is
removed in line 24, and after optional heat exchange with stream 18, is introduced into
hydrogen separator 26. The overhead stream 28 from hydrogen separator 26 contains primarily
hydrogen which may be recycled back to hot high pressure hydrogen stripper 8. Bottom stream
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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87% Case 1345 4137 (600) 1 (4.0) 0% 13%  719% 13% Case 2 345 4137

(800) 1 (2.9) (4.4)

WO0'2009/1516 PCT/US2009/037072

stripper 42 where components having higher relative volatilities are separated into stream 44,
components within the boiling range of aviation fuel is removed in stream 45, with the
remainder, the diesel range components, being withdrawn from product stripper 42 in line 46.
Stream 44 is introduced into fractionator 48 which operates to separate LPG into overhead 50
leaving a naphtha bottoms 52. Any of optional lines 72, 74, or 76 may be used to recycle at least
a portion of the isomerization zone effluent back to the isomerization zone to increase the
amount of n-paraffins that are isomerized to branched paraffins.

[0050] The vapor stream 36 from product separator 34 contains the gaseous portion of the
isomerization effluent which comprises at least hydrogen, carbon monoxide, hydrogen sulfide,
carbon dioxide and propane and is directed to a system of amine absorbers to separate carbon
dioxide and hydrogen sulfide from the vapor stream. Because of the cost of hydrogen, it is
desirable to recycle the hydrogen to deoxygenation reactor 4, but it is not desirable to circulate
the carbon dioxide or an excess of sulfur containing components. In order to separate sulfur
containing components and carbon dioxide from the hydrogen, vapor stream 36 is passed
through a system of at least two amine absorbers, also called scrubbers, starting with the first
amine absorber zone 56. The amine chosen to be employed in first amine scrubber 56 is capable
of selectively removing at least both the components of interest, carbon dioxide and the sulfur
components such as hydrogen sulfide. Suitable amines are available from DOW and from
BASF, and in one embodiment the amines are a promoted or activated methyldiethanolamine
(MDEA). See US 6,337,059, hereby incorporated by reference in its entirety. Suitable amines
for the first amine absorber zone from DOW include the UCARSOL™ AP series solvents such
as AP802, AP804, AP806, AP810 and AP814. The carbon dioxide and hydrogen sulfide are
absorbed by the amine while the hydrogen passes through first amine scrubber zone and into
line 68 to be recycled to the first reaction zone. The amine is regenerated and the carbon dioxide
and hydrogen sulfide are released and removed in line 62. Within the first amine absorber zone,
regenerated amine may be recycled for use again. The released carbon dioxide and hydrogen
sulfide in line 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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Case 4 352
WO 2009/151692 PCT/US2009/037072

the carbon dioxide passes through second amine scrubber zone 58 and into line 66. The amine
may be regenerated which releases the hydrogen sulfide into line 60. Regenerated amine is then
reused, and the hydrogen sulfide may be recycled to the deoxygenation reaction zone.
Conditions for the first scrubber zone includes a temperature in the range of 30 to 60°C. The
first absorber is operated at essentially the same pressure 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 example, the pressure
of the first absorber is no more than 1034 kPa absolute (150 psia) less than that of the reaction
zone. The second amine absorber zone is operated in a pressure range of from 138 kPa absolute
(20 psia) to 241 kPa absolute (35 psia). Also, at least the first the absorber is operated at a
temperature that is at least 1°C higher than that of the separator. Keeping the absorbers warmer
than the separator operates to maintain any light hydrocarbons in the vapor phase and prevents
the light hydrocarbons from condensing into the absorber solvent.

[0051] The following examples are presented in illustration of this invention and are not
intended as undue limitations on the generally broad scope of the invention as set out in the
claims.

[0052] Refined, bleached, and deodorized (RBD) soybean oil was hydrogenated and
deoxygenated in a pilot plant by flowing the oil down over a fixed-bed deoxygenation catalyst
at 315°C, 3447 kPag (500 psig), a LHSV of 1.0 h-1, and a H2/HC of 711 std m*/m’ (4000
scf/bbl). A sulfur source was added to stabilize the catalyst. The side products of propane,
COx, and water were separated from the paraffinic product which was composed almost
entirely of C15 to C18 n-paraffins. The yield of this n-paraffin product was 83% in the
deoxygenation reactor.

[0053] The paraffin product described above was isomerized and hydrocracked in a pilot
plant by flowing the product over a fixed bed isomerization catalyst at various process
conditions as shown in Table 3 below. In all cases the H2/HC was 444 std m*/m’ (2500
scf/bbl). Table 3 shows only the amounts of 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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aviation fuel with a corresponding decrease in the yield of diesel fuel to 71 wt.-%. For Case 3
the isomerization reactor was run at a higher bed temperature resulting in increased
isomerization and higher amounts of hydrocracking. As noted above, the higher iso/normal
ratios allows a broader temperature range for the aviation cut and the increasing the overall
yield of aviation fuel. For Case 4 the isomerization zone process severity was decreased by
raising the space velocity which resulted in lower yields of aviation fuel and higher yields of
diesel fuel. Case 5 was run at higher temperatures and lower space velocity than Case 4
resulting in a significant increase in the amount of yield of aviation fuel, substantially less
yield of diesel fuel, and higher isomerization levels for each fuel. In the final case aviation
fuel is maximized to 43% with only 5% diesel remaining though a combination of higher
temperature, lower space velocity and higher pressure than case 1. The production of lights

increased to >50% and the isomerization level of both fuels was very high.

TABLE 3
Pressure Diesel | Aviation
Process | Temperature | kPa-gauge |LHSV | wt% (Wt%) Lights
Example C (psig) (h-1) | (i/n) (i/n) (Wi%)
87%
Case 1 345 4137 (600) 1 (4.0) 0% 13%
71% 13%
Case 2 345 4137 (600) 1 (2.9 (4.4 16%
55% 22%
Case 3 355 4137 (600) 1 (4.3) (6.5) 23%
62% 15%
Case 4 352 3447 (500) | 1.7 (2.3 (2.3) 23%
29% 26%
Case 5 362 3447 (500) | 1.6 (7.7) (5.2) 45%
5% 43%
Case 6 355 4826 (700) | 0.7 (15) (10) 52%

[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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end-boilingpoint 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 20process 200 results in the two
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fuel 204. In this case, one option is to lower the end boiling point cut
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whether the aviation or jet fuel yield met the target, question
ARSHFELASHIESH R VP WP domidins a5 tiecd pareidedpvelink easpaetdingl
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case, ong option is to increase the severity of the operating conditions of the
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fuel freeze point specification has been met, question 260. If the answer to
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SRALURLPAET OGNS AEATRR B3 OM IS LRFHORANMAPES: 1% Miation
the freezé point specification of the aviation Or jet
fuel from the fractionation zone, so that the freeze point specification of the aviation or jet
fuel product is met. Once the freeze point specification of the aviation or jet fuel is met, an
operator would evaluate whether the flash point specification has been met, question 280. If
the answer is yes, the aviation or jet product may be ready for sale. If the answer is no, one
control option is to increase the initial boiling point of the aviation or jet cut from the
fractionation zone, so that the flash point specification of the aviation or jet fuel product is

met.
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fuel is met, an operator would evaluate whether the flash point specification
h&%%?&%‘rﬂ&%? guestion 280. If the answer is yes, the aviation® Sﬁg%’%@ﬂ@ﬂz
may be ready for sale. If the answer is no, one control option is to increase
the initial boiling point of the aviation or jet cut from the fractionation zone, so
that the flash point specification of the aviation or jet fuel product is 25met. 30
WO 2009/151692PCT/US2009/0370TABIABLE 4 TYPE OF CONTROL (as

— : H P PX| PTPSEPIE PN 1alde WAL
shown o FiG: 2) IMPACT A ngiICI Dieset-Yieldstowet Jct YietdstLowet

Diepel GlacdhPavs B Adigherlsa/Nermal Ralip Adgre Hydrocracking Lower
Diesel Cloud Point Lower Jet Freeze Point Higher yield of Lights and

Naphtha Impact on Jet Yield is variable ¢ HigheDisedNeing! Ratio More

Hydrocracking Lowéy Diesel Cloud Point|Lower Jet Freeze Point
Lower jet Yields

Lower Diesel Cloud Point

Higher Iso/Normal Ratio

More Hydrocracking

Lower Diesel Cloud Point

Lower Jet Freeze Point

Higher yield of Lights and Naphtha
Impact on Jet Yield is variable

Higher Iso/Normal Ratio

More Hydrocracking

Lower Diesel Cloud Point

Lower Jet Freeze Point

Higher yield of Lights and Naphtha
Lower Diesel Yield

Higher Jet Yield.

Lower Jet Yield
Higher Yield of Lights and Naphtha

D

FIG 2. and Table 4 merely illustrate one embodiment of the invention, and are not meant to
limit the scope of the invention in any way. Other questions may be asked and other control

actions may be employed; all within the scope of the invention.
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Lower Jet Yield Higher Yield of Lights and Naphtha FIG 2. and Table 4
merely illustrate one embodiment of the invention, and are not meant to limit
the scope of the invention in any way. Other questions may be asked and
cigr sontrol actions may be employed; all within the scope of the invention.
CLAIMS: 1. A process for controlling the production of a diesel component
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ONG actionati ng, 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. Theprocessof Claim 1 further comprising periodically repeating the process.
3.  Theprocess of Claim 1 wherein the specifications are those identified in industry

standard, government, or military fuel standard requirements.
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5component selected from the group consisting of fatty acid alkyl esters,
canola oil, corn oil, soy oils, rapeseed oil, soybean oil, colza oil, tall oil

Slmﬁa?/\(}%/ligﬁ%empseed oil, olive oil, linseed oil, coconut oil, 855(8%1?:9/037072

peanut oil, palm oil, mustard oil, cottonseed oil, tallow, yellow and brown
greases, lard, train oil, fats in milk, fish oil, algal oil, sewage sludge, cuphea

oil, camelina oil, jatropha oil, curcas oil, babassu oil, palm oil, crambe oil, and
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féed4tokk is in the range of 2:1 to 8:1. 7. The process of Claim 1 further
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component selected from the group consisting of a petroleum hydrocarbon
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drogen, and said hydrogen being recycled to at least the hydrogenation
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hydrocracking further provides hydrocarbons’having 8 or less carbon-atoms
&pesratinzona st i nihsrbrdinssndinagitydoopeeakingreons mimeidhis,

theifydresaropmshavneS s iesecarrn Mamsheingrcondyaiad to a steam
?or [ng zone to. produce at least hydrogen, said hydrogen being recycled to
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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.



