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PRODUCTI ON OF DI ESEL FUEL FROM Bl ORENEWABLE FEEDSTOCKS
W TH LONER HYDROGEN CONSUMPTI ON BACKGROUND OF THE

WO DMBERIY3EN [ 0001] This invention relates to a PCDUSNS8/076972
for produci ng hydrocarbons useful as diesel boiling
range fuel fromrenewabl e feedstocks such as the
gl ycerides and free fatty acids found in materials
such as plant oils, fish oils, aninmal fats, and
gr eases. PRAPUSTHON OF ISR EURL diRSPETHORINEWABLE
decar boXYHERSTEH KY &¢HDbAWERIBYDROEN CONSUMPTION
hydr odeoxygenati on optionally foll owed by
i somerization in one or nore reactors. A sulfur

cont ai ni ng conpqgg@kgkgﬂ@qgggFQ@ﬂgﬁ@vgﬁqﬁ?genation

reaction mxture to increase the anmount o
decar boxyl ati on and decar bonyl ati on occurring relative
[0001] t hdhanmwuerntiopfrelnied tog priatisdnr produdiygl hpdtecarhgenatiudas diesel

.QCCUrri t hus reducing the hydrogen, consunpt.i.on. )
boiE R R it RehEi S S il BoF RGP o gR f8ifanypids found
in thatedial bR dis PEhnE BN PRB IS, nEAITAS SdRELSEWTER ptOREEinkSlves

increasing interest in sources other than petrol eum

hydsogenatias. degaghoxytasign cdargrbgngladpn sl hydigdeoapigrmafiomebpticaly
ce. i.s.what h been ternmed,.renewabl e sources..
rolRETLY UL e e e AL R RGHE RS EP IR S PRIPEGR s scea o

the eoxygb@ition@édcsios utiRtuasStoGaEBasetBP86@d of daniPhaylatoyhaan
and algal oils, animal fats such as tallow, fish oils

decarhanylaiionoeesutigie elagiyve ke 2gount efdiygeracastioandddrdiadeox ygenation
S 4 .common feature of these

mxggﬁlbggsﬁgﬂgﬁgt tﬁé§$ rg%%%ﬁggggﬁ of glycerides and

[0002]ee Patthe/deirindsof &He#gl boBoightande fublemd fadladarisngofomponents

. CO ouq's. 0 taLn.aIighatic car bon chai ns haviqﬁ from

incrgayes woRdpidafBereds BiEeasig NI PRAPTEC T AP HIRR PR theum frude oil for

pro%%@n@&i%&‘? B!')i‘fliﬁ? ézgfge EE%SOE@E\J&%Oﬁ@E W #h&ha®bedPBBned Sh&Fable

| y-unsat ura [0003] There are reports in the art
sourges dlhosd egewilde pruscksanélode, dfit frgaoobmitbd s planomiloduck as corn,
For, exanpl e,, US 4,300, 009 di s ses, the use of . .
rapds P, AT Gt BT BB S Tt ot G55 69h pioghyarious
wasfd JuRaBb Gllchas yelbW Jatilbréwn BidsRGaH RORSs e&Phd@RthbA Eeature of
and chem cal s such as paraxyl ene. US 4,997, 605
thesgisgrcessis shat Heygroerposes obglyasrites ead Kee Ity d\rids(FEA). Both of
[ (] n oprocessi ng. veget aghl e
thesk 8fis 8 57 Ebuy B0, B0 ARAGAG GHEOCBRRTRF B 8 22 cfbon
aton2) Tt QRPBIRIABTaMNoncthsink 058 gbyprid&asFHARN cah ibedhtufi@edor mono-, di-
hydr ocar bon conponent of bi ol ogical origin by
0rPﬁ6§F§@@8ﬁ?§enation foll owed by isonerization. [0004]

[00({;922' g?ﬁé}rt:b?reeng?gl’ésgﬁ;fgé Qf’?@gcl%sﬂ% Qﬁ@ﬁ%dﬁ@ioﬁtbf ?19&1%[:51%8&5 from oils.
For example, US 4,300,009 discloses the use of crystalline aluminosilicate zeolites to convert
plant oils such as corn oil to hydrocarbons such as gasoline and chemicals such as para-
xylene. US 4,992,605 discloses the production of hydrocarbon products in the diesel boiling
range by hydroprocessing vegetable oils such as canola or sunflower oil. Finally,

US 2004/0230085 A1 discloses a process for treating a hydrocarbon component of biological
origin by hydrodeoxygenation followed by isomerization.

[0004] Applicants have developed a process which comprises one or more steps to

hydrogenate, decarboxylate, decarbonylate, (and/or hydrodeoxygenate) and isomerize the

renewable feedstock. The consumption of hydrogen in the deoxygenation reaction zone is
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hydr ogenat e, decar boxyl ate, decarbonyl ate, (and/or
hydr odeoxygenate) and isonerize the renewabl e

W0 ewd9swsek. The consunption of hydrogen in thePCT/US2008/076972
deoxygenati on reacti on zone isreduced by driving nore
of the conversion to occur through decarboxyl ati on and
decar bonyl ati on whi ch, unlike hydrogenati on and
hydr odeoxygenati on, does not consune hydr ogen. At

redyced by dgiyaigsmpre ﬂafocfﬂnamﬁmgo @@%éhr@ngh flecaghoastation and

T L ST RS NS R g o

hydmgéno@elea:ttlooa safid cbytzimm@omygamat is @ddedTinen sl duut sufflcient to
contﬁlnln onent al so gperates to maintain the

increayeA g, apoy HPQykgiogpad decaspamyion ettty o (Re/xdrpepgation
[ Cc

and.@%%%g@s@%wﬂ%%?g% B RS FOE A Bl e

catal phewabllBdédestaist ock wherein the process conprises
treating the renewabl e feedstock in a reaction zone in

cont ai ni ng. componsnt MR 3V RE I "

deoxygenating the renewabl e feedstock at reaction

[Oﬂﬁﬁjndl Il lpisodo@vdrsion ipeleeds for pdutiaaah iipaRFdtieh diesel boiling range
rising a hydrocarbon fraction conprising

prOleCb PRI FeHew abth éeeéﬁrpfluw RIGHY P mqs:gswmﬁewtreat@g the renewable

e R s N USRS T8 SO B iy
compondﬁy dw (blgéngt?nalmgamd dla«yxz;rgeﬁlz&mgygembwam feldaetock ﬁb&ﬁctlon
ter generated as byproducts in the first

Conﬁ? 88%% ‘ioaﬁg‘g’ ﬁ\é%ﬁ%ﬁe%‘)? BFRAVEFomRsiingfehydrecarbandgaqtiop gomprising
n-pRA@RYCEhe sﬂlfﬁf‘cdrﬁ&ﬁ&% of¥Qt i 8nP [rleaﬁ'ﬁéfﬁﬁlrﬁ tsﬁf'ﬁ@l%%f to

usi ng hydrogen as t rippi ng gas dr og
prefgteniigpedive degarbpeﬂemroan@e@dubotylasoquﬂ qom[mkddyto hydrogenation and

T T T
reactiblE z6RAVK dntBRB from (e fikstaB4btich (ﬁro&c@{neanﬁﬁﬁgf%d Kot high

of one enbodi ment of the invention. FIG is a nore
pressyrgsiripper wsinghwdiegancs thehstrippipg @as. Th élydmen steippéd Begt reaction
FAR | atio of nCl//nCl8 .
proyE 8 iRy a8 Bl WG AR G oblo pb T Bperizea

prodandis sévowemed. t he surprising results of increased
decar boxyl ati on and car bonyl ati on as conpared to

hydr odeoxygen n_wth 2500 ppm sul fur as conpared to
with 500 ppm gi}Fffo%PESF@ﬁHE Ol (QE THE IR /é“ﬁﬂ\{ﬁ of the

percent carbon oxi des generated versus hours on stream
[00069" I ESiEPNding QJIGOZ hRECREANR & f BRd e S BOMAG: (ffﬂﬁe invention. FIG. 1 is a

surprising results of increased decarboxyl ation
more simplistic schematic, while FIG. 2 is more detailed.
[0007] FIG. 3 is a plot of the ratio of nC17/nC18 versus hours on stream corresponding to
the example and showing the surprising results of increased decarboxylation and
carbonylation as compared to hydrodeoxygenation with 2500 ppm sulfur as compared to with
500 ppm sulfur.
[0008] FIG. 4 is a plot of the percent carbon oxides generated versus hours on stream
corresponding to the example and showing the surprising results of increased decarboxylation

and carbonylation as compared to hydrodeoxygenation with 2500 ppm sulfur as compared to

with 500 ppm sulfur.
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and carbonyl ati on as conpared to hydrodeoxygenati on
with 2500 ppm sul fur as conpared to with 500 ppm
WG 0P393DETAI LED DESCRI PTI ON OF THE | NVENTI ON POD0S3008%676972
stated, the present invention relates to a process for
produci ng a hydrocarbon stream useful as diese
boi ling range fuel or fuel blending conponent from
renewabl e feedstocks such as bi orenewabl e feedst ocks
ori gi nat i ng B IGMLHRES CRIPRIONAISTHEHR MEY RGN newabl e
feedstock is nmeant to include feedstocks other than
ose edef
O S e S PR Rl BTG M ol A oL BARY R, rocarbon
stream mb&fdbasachgtsebbmhhg sangefhied lor ﬁmlrbfdndmg@bmpend:rd é®narsflewable

feedt{offy bt EEe Db aBhbuthe P an BT gy EoRda: R erm

renddBbRY RERDE kAT theRAQH ERIGE RSANEIKS otheX AR iERe gfsr&aﬁﬁ&n petroleum
renewabl e feedstocks include, but are not limt

crudgamlo[The mﬂewabbrfﬂedstdcks thay capi tesysed apibs pedtenti 1hyem;10y hm:dmie any of

oG B b e TR O N B85k it o

trigl iﬂ@§ b@i thonddydeti@dsl and W RFidehhy bd BbdedandftbéeQWdan Well.
ases, lard, train oil, jatropha oil, fats in

re
Examplqg of fgn ﬁremewab]mf@fakstogkq 1nclg,1d@\dglé axg| nmggnteém@ cahela oil, corn oil,

f
soyt) 1 F%Pg%%o&ﬁ ggﬁb fn‘? éﬁnpol a%l eall{)c?t? W&ﬁ%\%erﬁiggglfngseﬁa oil, olive oil,

hnse&:@lnﬁlr tadongt dificaaphail, Cpéﬁlﬁlﬁ@ﬂ( Paineat], yustadd bid, t@é\if O}Ve.llow and brown
Jan Erandi)), WMadhuca i ndica_ (Mhuwa Pon
greagisn ??é‘il draitkay dﬁ irpphacily s ik Aishik atepkoil. sV agesludee, and the like.

Add{tmﬁglr@xaﬁngtég og{e}ﬁg\%l?lg Fe%dﬁ@ Ill:ﬁtile(}{on LR ‘ye%h&gfe oils from the group

veget ab or ani na ontain aliphatic rocarb
comphangsatnophzt tiecas (ButagoyuWvedWasoh JhaglieE@ndip Maﬁhoear 1lndma (Mohuwa)

Pongii it O Bt St Aol i e Qi Ay egides Shd FFAS

of tHeayhes @E&Hﬁle oVhfinthl €4 cBhtafiCal fpREASh RErofBREVAALR in theijr structure
f eedst ocks and petrol eum derived hydrocarbons may al so

whighehays 8do 34 calrb@nfa@mtswla l magorifgrof theddtstand loils oopaimeng lsgh

concelﬁérg%o% Qt%/oaﬁc‘? i \¥1ﬁh ?tﬁ gl(l:d E‘%)V%bﬁ%? '%t?glg %@g%ts %& ‘g@?ee%s of renewable
feedbtochsumhd peRERUMMrEd ﬁ]l/dh‘écﬁﬁéind gy 8lk6 behisdduRtheRBAstock. Other

used paraffin waxes, liquids derived fromthe
feedgjaek ¢anaponprsh whchara be uspd esresially as o go-fgedicomagnansin eonddnation

Wlthgléfs 0‘39 §(li fe% 4135 {]‘é:%;egﬂpgttcf B%f I}n(ﬁi%t %ubrlcants used paraffin

r op S erive
waxd;eb(phglrm‘nvzdifrbﬁnhe gzhsﬁl“id?iabn of coah anmt, or @hturdgdsefollowed by a

dow S BIgFBHEEN SRAOF bl HoReT TPTbe GOTAEa o dsroedhpm

depoyirDGlidE ﬂ%lrﬁl &gﬂéﬁﬁﬁlegf ?%t@ RlRd H%%Wf&g} gglenff‘ hl%]h density

petrochem cal em Ca CesseS
polyethyleee, hedst dapkisy palyethylemwe; bnad obedsyathedoeifsegederated as byproducts

from{ T8 EpY e AR DRI BFP-BRe s, T HEVEOKE BRI N3 bg b used
as cotRedEorpotRit CORY RRMKthed 61AUNMR a%tfééﬂ &P REREH HR B8R ation of
whatpnru?ychea%g been considered to be a waste product from a petroleum based or other process
into a valuable co-feed component to the current process.

[0010] Renewable feedstocks that can be used in the present invention may contain a

variety of impurities. For example, tall oil is a byproduct of the wood processing industry and

tall oil contains esters and rosin acids in addition to FFAs. Rosin acids are cyclic carboxylic
3
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into a val uabl e co-feed conponent to the current
process. [0010] Renewabl e feedstocks that can be used
WO p00v/z93gT esent i nvention may contain a vari et pCDUS2008/076972
impurities. For exanple, tall oil is a byproduct of
t he wood processing industry and tall oil contains
esters and rosin acids in addition to FFAs. Rosin

aci ds are cycllc car boxyl i caci ds. The renewabl e
aciqse £ fege W ablrdsedatosks manlsp RoniiRcaniaptrinés Sigh s akkali metals, e.g.

sodﬁ!nlf Qlll(* ]I)(S.fggsﬂlmc' ’phg S[Qlor(}ch‘g%ls W@llgag golﬁ)&t A %Hﬁ'& gﬁ@%ﬁ{x’@ OAR ldBtlonal first

as sol wat er an etefgen
steIf 1|s ts tensdve s infich ©f HesOvEetaginams s pﬁssiH]&S@neqmstlam maiﬁasment step

IHV@B?F{) Osé%lcﬁlﬁge hed eleeé%i)iga%?és%@@e elt§1{ gtg %prrr\e;@q{chgnt&%e‘eslnr; \llnofli grece%reatment
zonk Qf‘;t)l%ff&l?ﬁi@ﬂlecoﬁ@ﬁf . '"IFheQOxPE Haﬁ%én fEitis 2288 dR%on exchan%e resin such

pretreat ment conditions. exchange resinis
as Zqobalyst | ok imdodaarh)gelsedew anbesiunia rexctdrtheuply S&ﬂl@(ﬂiﬂle Id:i:dandk is

flowe ntago(%gﬁ 1%§r \Iqi) ar @cmu&f}aﬁ el%ltc?)ﬁ@ftlgﬁ%gt%\l@ple reactor is operated

are dewWrhb@win dRercondi tions at which the reactor is
erated are well known in the art. [0011] Another
[00]9&

ssi Blnethﬁemlbﬂfomem_srf@meng)vmoamnmamts isi smgd miiddvash. This is
i d S h.. This,i qut
Carr?e% 0 Spa gntactmg tg% %eaegfaacl%n/&h ag 301 lff’l? ?ﬁ S&l(i:fIUHI ?f} fr&c I,hydrochlonc
acidiyidrregdibiOThe aéi@iafld Feed@otleamt B contRedagher idnthat@estcbatiuous
can be contacted either in a batch or continuous
progssp Eoskactios ki dowe iwith 4 dilue add wpluHom ugiallyjtapambiedt temperature and

atmé@hgltl& fg—:rsél'hzy glrt e%scébteaméf ﬁ{&l&)g& gf;%]) H{)I.?S rlﬂglﬂlgr it 1s|usually done in a
Coumend:urrumon&mmmﬂetr anottter psssitdelalehiys @Ecremowmgana@ltmhammants from

. Yet th ossi bl e neans of renoving
e B Yot o BT S TPl s M con
mclﬁ@eealﬁ’rfmr&l-g%%gi l%g%ltml With 8 Rithkk Idex'ﬁ@f%ﬂ”&'tldr{}gl?ﬁgﬁt@%&ch as nickel or

hese can i nclude al um na guard beds eit
Cobawt tFhigationambicydnatitontiontahyigtes saotheashaicakaliclomay be employed.

Hydg(?pgg%qtsﬁgg stlé ra[sct %r&gﬁqr} 80| ygg.iﬁ E%f@g%@gnang %p {)]rlet ga?trsnent
ewﬁ@pﬁg}%@gmwgedas t hat described i n USAN
11/ 770,826 1s another pretreatnment technique which may

(00124 eniilllq)gﬁéelwalﬂ@ teedptotine frasrrdvialsl fsireediiongoke Fempriingdne or more
cata@gtt t‘?ﬁds 1r§ g% e5 erﬁgrte 20L& L & tFrrHlJ r‘f I%{%% g,r}se rr%rgntgg Hﬁlude feedstocks

In one oOr e re

that 'hﬁmﬂﬁ beaktredtad MABRALVE CoritGInAR af SRASE AEdss fédaslockppRified in a
not been treated to renove contam nants as well as

pretiepigacat peisd &t Bekeachan firstgang, @%fes@%@%ap%mtect wiih a hydrogenation
t
or b MEREAREL YA L RR0e S REIRINE A a RO AT o
hydrpgasmﬂne oiﬁﬁnhwoifulgemrmd [Ii‘gtdmwﬁrtbé h-garatimdichaian Hfdeogenation or
drogenate the olefinic or unsaturated portions of

hydipHEH R RS HP N ARIIASS WE §RYR HEE 3H syeh as nickelor
nick@YHERbAGRL! 19 é%?é(iarlxl\’a?‘ﬂ%h Qﬁr?ac%%e:psfupbgﬁsﬁth\éﬁd dr§8AWior Br

the art such as nickel
hydrotreating catalysts include one or more noble metal catalytic elements dispersed on a
high surface area support. Non-limiting examples of noble metals include Pt and/or Pd
dispersed on gamma-alumina. Hydrogenation conditions include a temperature of 40°C to
400°C and a pressure of 689 kPa absolute (100 psia) to 13,790 kPa absolute (2000 psia). In

another embodiment the hydrogenation conditions include a temperature of 200°C to 300°C

-4-



10

15

20

25

30

ni ckel / nol ybdenum di spersed on a high surface area
support. O her hydrogenation or hydrotreating

W@ 210al0§s85 i ncl ude one or nore noble netal catBCHUB2908/076972
el ements di spersed on a high surface area support.
Non-limting exanples of noble netals include Pt
and/ or Pd di spersed on ganma-al um na. Hydrogenati on
conditions include at erature of 400C to 4000C and

andz PiFeSis id 9P Bagbichue SNGIER 6o (350N psitayluta 188 prigb Other
opelfhé;fgllg%ﬁ@ilti%l@fo@ dPSdeRhtion ngggé Wel kESPPHl ERL, the

ogenat1 on con itions 1 nclu a tenperature of

[0028)00C Tthe h3dR@Eamicdnar pyéesatmgafatal BterkRrerats shove ard AQDcapable
sia). OQther operatin

of %@“:’fﬁ)ﬂeé @%gf zg?fﬁgﬁ% ?%l?%tbyiﬁ%lzﬁoo OF GHErOdP < XaEPAUIR 6 i edstock
to rbfotdex y@eh. D&&Qﬂ&](ylé%—iaﬁ M%Qﬁﬁ&g(fﬂ, hd H%%rg?(gfxg%&ﬁﬁ&h B2 herein

catal ysts enumera above are S0 ca
collgetively weiferpdde @a dboswygbmttioomeactiena Myompbaylatiem amditmns include a

el R BV 5 8 SO AT OARS R L BTRES. SR of
200RY 66 90tPOXid aNRful PRoudlyes ph&r Rildti§Afloertol MY . mehBfHefEmb&diment
as deoxi/genat ion reactions. DecCarboxylation conditions

the decarhprelagiop epreditiord pcludothsrsems uelativfly Buviprekdze ¢ 7 kPa (500

- RS 6 2 0 SI 2)rn oo ture.of. 2000C
P30 EA R TR, b BBl FUBREC b SRt RS space
velddtyhif 1o 41hn” sSintdeydrambadbmBah ckb®emee 2625y, a8 thoRedstock flows
conditions include the sane relatively | ow pressure of
throygh thegatalyst hed phsitemperatugsgcreriss apd degithasyition and
r t 4 : J4.qui .V . .
hydL SRS gl SR R T S By P SEope of s
inveioh et mll cha reacdttane pecrasinmiant @atisinagk rédcowsor tithomuigda.

t he. catgl yst bed the t ure jncreases and . ,
AlGEREiRE Bo i REFEIS FEh 1 SPUALEA S BB oty OB ML OB g poceurs in
one ®e& hd d@_ﬂ%xyia&ioh,sde%ﬁ%blzﬂflﬁ’t‘i@g aRder hysdréﬁ\ﬂetotﬂ&%bntat]@n 8&RPEin a second

of this invention that | the reactions Occur
bed sPheursenié oulyl opeibad dmesed ghert lnydrogeniatiomoeulreetimarily at the front of the

bea YA GRS B0 BT RS SR PP SR dnd botiom of

the BRI Bl Yde3irt @Ry dro 2GR Bt 15 daPfled QARG Bfie reactor, while
hydr odeoxygenati on occurs in a second bed. O course

decgrpoxgiiptip o ydriodeqigggnationean hy droiged eut ingrseparaigrsactor.

I Medky I f.. whi |l e
[00%20 ar ﬁ%%(%@%?%%? %{/né ?lgltcli ée%%}%rgﬁoa ﬁ%ﬁs }%dcrﬂge%l WdiPRpqpeps,water
bypttodectnildil the dechrigiylapion ahd tberiaglatibh Rédctivns §88ide&TO or CO,
..hydrogenation can he carried out in one reactor, while
withguieaosgsainedividgrecandy dreen eanduamargerits Baferalro lganerate or purchase

and Q@ﬁﬁﬁiﬁgziﬁgh dBeéh SSERANBLG gr%@ﬁlteg b e&o%%ﬁlgi adviita ¢ fnfluencing the
hydr odeox g%naglon reacti on consunes hydrogen an
relatprecohmmss ofahelr rdayporoceatringhinltiee ddoe ygamdo aond atthvan tieszd which

decar boxyl ati on reactigns produce CO or CO w t hout
do ng ARG fparbgute K feogl b RIAC Bfidppa drogen
consﬂﬁ% "Bbh @hd fis SRR FH8e WMWY SRASLHANI0GPID INTZHAR of a sulfur
hydr ogen consurrptﬁm provides an econom ¢ a van%’gxge.
contpinfrigeempionyd tunexpectedly shifted the relative ratios of the decarbonylation,
decarboxylation and hydrodeoxygenation reactions to favor the decarbonylation and
decarboxylation at the expense of the hydrodeoxygenation reaction. The sulfur is measured as

elemental sulfur, regardless of the compound containing the sulfur. While all three reactions

continue to occur, a greater portion of the product is formed through the decarbonylation and

-5-
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rel ati ve amounts of each reaction occurring in the

deoxygenati on zone to favor those which do not consune
whiyapodsw’ al | ows for the sane anount of produckPCTS1908/076972

| ess hydrogen consunption and thus | ess expense.

Addi ng greater than 1000 to 2500 wt.-ppm of a sul fur

cont ai ni ng conpound unexpectedly shifted the relative

i os . of the decarbonyl ation, decarboxyl ati on and
de%@ama%@kw&whl@h do sefconyiae hyslrpgapoAntcyerall cost savings is achieved.

In a?ﬁ%@ﬁ%?%ddg%})}ls grgﬁlgftjll (fgﬁB ?gg(g 5«?( o(ﬁ)tnlx f]{ﬂ ?Jlfl{f?gntgfﬁ@fgéo?n&und is

addaasthe éebdas tied eaetitinahixsut bithe deegaredh@@szapk. Inhet another
conpound co i nj t he sulfur VWiile all three

e AR oD Kheath b SBELAY, 3 WIYF eant@ingsPmIMgHG S added 10 the

feePbOHH dactiSn F@K IR i @é&gg«%’d} ﬁ%ﬁ[?er BomthatiipR containing
anddecar boxyl ation route I C not consune

conippdensy arvludanbwaer motllingitesitto sdiuietiys disslfalehdibwtgtidishlfide, and

anot h odi from 1100 to 2500 wt
iR GG G PO TPl gt Recp i R ngery pgam such
as hiy@gth Bdnhydoireckile 4R A g&ﬂbﬁ%ﬁ‘t‘% &Iﬁtsz&nrﬁa B@sﬁr{ﬁﬁ compounds
anot her enbodi ment, from 1500 to ppnlo
remgygc @@md@msaﬁlwrr@e%b mpd disdlfids cald d@domd fréve sWe@dmog unhssuch as
ac t of the enation zone,
Mol b it B SRR PR G Tt Orraces o

malhllam the de@@geﬁ’dtimtc@wﬂysd isdibdifigal sttt idhphigtingbh fdsdlulf@dtypically
drogen sulfide. The sul fur contalnln% conmponent may
usefb rﬁalfltalrb\FhetCﬁ'@l}ﬁg/@r%@%ﬁﬁd%itslwéarﬁi@@f@hmag AYAPpg ek stlfgrrontaining
comPUiGR Y LA o i B BN S At B (P g ficiced
state] ibsulifdaxgectedly sperawd vechift tiematveé t@npdithgudadi®ns tictho&Sreactions
uni ed advanta e, the sul fur

Whlgﬁﬁiﬂ 4 trﬁOHﬁJfB%fﬁé&Bﬂ%% The élﬂ Lﬁﬁ%ﬁ‘ya'fee%ddF (e Ageslsiock gemay be
intrSIRRXY S8 Blel dPx Fh & ofSteadtbr le ity ﬂgﬁil B¢ AleBsto@l t hough

much |l ess sulfur is typically use to maintain the
[0015dt al Liewern apesatimglpié¢sdens sisaf@ordbl pdtiess thhderai@@flapipmmod

t f S
decttytioh\ e B PRt tn i Fip e S ES g S teat R, The lower
operatthg bedirs hati@abRUkith BRXARE BRIkN RBETRUDIdWPcSibihtd Wﬁ

rati o of conpeting reactions to those reactions which

suffigisnhaddidometmuilivy dpwsgieing composofl uen fwstheiysdaced doidrogen
consglq'g)tlog %ﬂﬁ%e%‘t‘i p%du s%?ﬁélcr:}{t rC dYuC(%’teeg Ip6 I‘é Ohte h fe ee d st oc k.

enatl on'reac separate

[001[60)0151}1 anoiter epediaichn @ ip additoidly sdbvsadeavo takldywaled toake
t he decar boxyl ati on and decar bony| ati on reacti ons as
rene&éhlﬁaf?%t% heosrdresaes o) fesrrier e ieaperees. theevateieuld be in

the fgﬂﬁ %;ﬂ% %re O%W’I%e%%}ne%&ﬂh%o %Fe B0& f@%&u%@%% or 1frogl 10 to

descri w conmbined w th s I Cclent on o
20 nsgs-fauof the ficedstiocigve bajixownbl svan hhuhe Réfectradduill €srther reducing the
ogen consu tlon while stil] prod ci ng, sufficient

gl P UPROD RS 1Ry oD OB BY fakal risadingdagensrateihy drogen
reac@H0IntsiQNBhd dar AR AU LRGRUGedx9 2 ABHNBLES mhP A ze the water gas shift
reaction in addition to the deoxygenation reactions. If excess water is present in the reaction
mixture, as decarbonylation produces carbon monoxide, the carbon monoxide will undergo
the water gas shift reaction with the excess water and produce carbon dioxide and hydrogen.

The hydrogen is then available for hydrogenation and hydrodeoxygenation. In another
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renewabl e feedstock. O course because of the

operating tenperatures, the water would be in the form
wo@Rowapskbus steam The steam woul d conprise fPORUS2008/076972

30 mass-% or from 10 to 20 nass-% of the feedstock. W

believe the steam has the effect of still further

reduci ng the hydrogen consunption in the deoxygenation

zone by actually reacting to _generate hydrogen
embodippnirihe Ptegicpild beriddediiodhs deoxygeition Zppgeas a quench. The water

couflERBENA HOTIZANG (Rl NESIHISMRIET gas shi ft

reaction in addition eoxygenat 1 on reactions.
[0017] exThesandtreproisctfrons drtdebrygenatiore@ettions will xdmpsse @Hquid

decar bonyl ati on. produces. carbon nonoxi de, . the capbon .
POTHAIY] XGiisipoittie 386 Tiig Tgi cogE e ﬁ}zdre@'g_é?r} tstion which is
larg@iytDpd i@ AGE AveNPhiGh c8hfe REABMCEhE ZBAR @] dfinfids hydrogen,

hydrogen. The hydrogen is then avaiTable for
carbop dliaxgém atibon nenne x i dw atde vappgemapaneand bwlfur components such as

o AP & o i R et o

wittRAdREthef rehBfodsNHEWe RS, AtmoAtRMIRE] A1&s( ib®BBthe AL paraffin
both. [0017] The reaction product fromthe

liquisklmdyerarhami fsetios adll ingerstodiel iforaasivgt ite eoainsguie drgnehed-paraffins.

£5ion i guid. ' conprises a
T e B B P B s cr oy BRL S EB FRk fome
dischav¢e balohi whl efedndbee:niploaelrto fdiea dRSE@PESdROEHtEiAing some branched-
conpri ses. hydrogen, carbon di oxi de, carbon nonoxi de,

par%x@seqnd\}gﬁgyg,begpb%% HOWMIORSI$Sur conponents such as

dr i tad i r .
(00 F8g T RO B gl Ry BRAB b e BE G hdhcalp s ot high
presfwre hiydroger sicippen ©One powpeveof, the hontigh polssurahedrogat sthipgestis to

sepefp B sheouR e B Buen desrb st BBORPLI St As

hydfRkad %%QXE%SWJ fefurcel ReEGONS gbﬁ@ (RPLdp@RRld MRAtoddh I recycled to

ressure hydrogen stripper and the isonerization zone

the falissrsadtnmazope conaining the tieexy gbeationptasyedAtso, fagurm ta remove the

di esel product cont ai ni,ng. r anghedpar af fins and
warh iRl BEPTUR BT R PHEURI BT MR Ra omal i 30 caatys
perf@fnidnde it the imdrizeti leLony TRRGr] Qfbdnea6heXiddTe¥rbBR dioxide, any

conducted to a hot high pressure hydrogen stripper.

ammgén Pilpgsgensplfidsarnwleckivelh spinped i diethpthigh oressureihyogen
sonp M ERR A ThE SRR Bl DG AR i e

desited separstiqrensli the preesne 2 be hdigtense ayEroLdEddy thdwme pressure as

separated hydrogen is égcycled to the first reaction.
the e {EACIGRZANTT 1A FIP HRIZe B BEHERGH ANG BREERIHHE COAlSs bhe hot high

; h axide.
bl LS TATPYS, HESpBLR) <SRN DA e or oo
absobat alOPgisiap &r 17 dkBeabsoluth@0D8 prie), iandit itanperatne:. oM@ tg 350°C.

car bon,nmonoxi de,, car bon di oxi de, any anmoni.a or .
I iSRG (hgchch P gBreurE UdTogercu psG B9 o opr@tft condicions
rang HgGfbiR b HPE&WUNR Y ITPRRNARLIPPOD pidh RYUAPAGS L 1utkR00 psia), or
tenperature may be controlled in a limted range to
2413id abgeluten@50 psia) to 4882 kPa absolute (650 psia), and a temperature of 50°C to
350°C.
[0019] The effluent enters the hot high pressure stripper and the gaseous components, are
carried with the hydrogen stripping gas and separated into an overhead stream. Additional

hydrogen is used as the stripping gas. The remainder of the deoxygenation effluent stream is
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desired separation and the pressure may be maintain at
approxi mately the sane pressure as the two reaction

WQ 0839347 m ni m ze both i nvest ment and oper at i PGI/URRDE076972
The hot high pressure hydrogen stripper may be
operated at conditions ranging froma pressure of 689
kPa absolute (100 psia) to 13,790 kPa absol ute (2000

and a tenperature of 400C to 3500C. | n another
rem@ﬁﬁ@%ﬁ I}?é fghtMESSHE%t yﬁ?‘gﬁ?n;§P5§>§U‘?‘ét%%ﬂﬂé‘§9ﬂta§tsrth®bwd dgjrocarbon

oy L s 905 O AR SRS g o
A ppmoa)o,f tlos ligdid hrykPeaibbs dlautien (13m0 hiphi pagsstie MABR ek Raipper bottoms

ture of 500C to
ma 8o ed o ISR e ol fes TR hot b o
[00zU]ESS gﬁro%%ﬁ hspﬁl%ﬁctﬁx'ﬁqntah%agaﬁﬁe W$ (HeQORAGN hSovehifil to g effective,

carrie hydrogen stripping gas and separate
a suiffagientayyaghitg oh éa@oscrr washbeAd dolutiom e mhy@fﬁcgtevely sikapad in the

the. str N The r ,
canfilicyS R PR PERr R - SPrial o Biel aotn’hih sier g aghieve a desined
amdmlheﬁ deodiidh eglenos hiid RREITy PATEBIEToRREtANHBIWESer! Hl@her pressure

hydr ocar bon fracti on havi ng conponents such as
opew@pﬁfaqlre mye sestbyie hyiltand prerasernBeanaparer] wahdioboveer @nrssure
COUQ g}%{'(g Ir(gﬁsb %{Vg}lfﬁ%%?{)ﬂhg ﬁkeq?ﬂxg\;e%ﬁg% 2%0 ?l :(T)éearﬁ%;gogrglssﬁge lalaég)e in the
rangehe 1879 kBg alsdohne (F0)BI8 t(dé&lﬁr kHxemsslateqmoo FQQ)’Z\Qﬂnch is lower than

that U GRS RIS CRAAIDES- B R SPIpRimag Sy G Bgpressure is in
the &Hg@&f IM 3%21%%19@?@5 55) EQAB kP lystoh%]g tang in yet another
effe act'l o

ctively take part e catalyticr

embod ey sp@‘ammem ntie theatmgu cgﬂ‘27158 k@s abedute K400r B td 137 kPa
sired amunt of. hydr oge ution and

A G SRl Y RSB Beramoun

of tHRE@EPUI 6 AR AL hR ﬁ{eereﬁe%ﬁn%og%én\/ drfddRikihet. and to
operate as conpar e to their | ower pressure

[002dd unt rggrempod opent 4t ¢ deried @mpfint ¢fdhydragsent kdptwesttlitgm at lower

TN I R
hydijpsiradn vdely€l ih SrdepvRdontioBihe idiaperht@ttig thdrc@tRAS zdREEVihO e

gperations. I n another enbodi nent the operating
reacb9fé%8§9 peothernip reagkonsaHgwewtr, the T31aem4 redyslsl thf@délQEbraﬂOS used

hereRSis "Z‘l%te}rﬂm%é %ét &b @Uﬂ)@?a%rg tcgnt{'(g%) 'rr%)nts, nst?fhcy %glseﬁ ugon

anot her e I ment "operating p SSUFE

hydroger? bk Barequisohasite Hydﬂigep $1lataé gieated wﬁblklﬂamahé ﬁydtbearbon
the rate of reaction i

60 . F
Pfodl{‘ﬁ %‘£3| agsa’lnl tgﬁﬁgstgglé Byatiliingaree bafirqcmb@agw@ke the solubility
I
o RLESH ARG IPUCSELRE o R BLAGTBETA Pl s
are 1oy dct@igé to msrdasq)ﬁhe iamosof eftliydro @n i Mmp e ssaierabodisent of the

I f h bon, O her
el TRl B DR R B g B S B Bty S bt n nothe
embbdIneRIVhE @Atid R en HRITREIAIUF Bid 411 taH@irI RAGhHAR ORISR ratio is

t he
in the range of 4:1 to 5:1.

[0022] Although this hydrocarbon fraction is useful as a diesel boiling range fuel, because it
comprises essentially n-paraffins, it will have poor cold flow properties. If it is desired to
improve the cold flow properties of the liquid hydrocarbon fraction, then the entire reaction

product can be contacted with an optional isomerization catalyst under isomerization conditions
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reactions are exotherm c reactions. However, the range

of recycle to feedstock ratios used herein is
wa@leqoe0sa3wed not on tenperature control requir eP@nUS2008/076972

but i nstead, based upon hydrogen solubility

requi renents. Hydrogen has a greater solubility in the

hydr ocarbon product than it does in the feedstock. By

utiIizing a |l arge hydrocarbon recycle the solubilit

)3

) y
to apleat partighe omerirnige RirgtAldn R dsachad patine Jbe dlienigigne second
e St G LERSPA O O REATRAES. 8 ey o
mednn thanihe effhedi stieamn haf a gfeater aveaitiation of bianstel paR it the stream
drocarban recycle to feedstock is from2:1 to

of
enteging T4 TG SR ~G0 e IR RAeF cErF e Hempsgrygbranched

por D1 LG bl A A5 BT PR 3010 s
% brngthapardftins. fiyoactrization @n bs efivikd ast ia ademsaé béabofl thexgime reaction
range fuel,t b Caw&%;%t conErises.essentially_ )
200y e PHICHRACTOT: Fe5Gy QTP EO ORGP 6% R Ghdhque i a geparate
readtdr. F&r edQSoTdR8tripBioh IRITONGihPH/if A Heds IRV B RBAE MESred second
the l'iquid hydrocarbon fraction, then the entire
reagirag @mgﬂ}’?ﬂ’ fod thetisaszemizpiéonoentinot Bet hydtdrarhon eiptanotilad hydrogen
ol TR S50 Sl 5l 3 PGB g somerscion cacy
in tt-Reseadd ity g ansdiedizpasradontitions thhsoredifzk @MNorRhl fabfins to
second reaction zone, the isonerization zone, is a

branghedpaseffing £rdy mipimea] branchingis iequigd.teneughep wvercprp colitflow

' fd.] e . reater .
profiEmEBAL nor ol e b RN AT B b G e sk of
highedegeeiofignddfed aackdng, ziat predorziamne isoatedizd goetic@ mono-branched
h coqgrises greater than 50 nmass-% branched paraffins.
ydjorarpi. ey sj oned that the isomerization zone effluent

[002%Y CORt RbMSriZBon %gtge gﬁraﬁﬂli@ﬁ%ﬁﬁa %&@B@aﬁk‘ébﬁph&%& grfe %‘iygﬁanner

| Sonmeri zati on can arried out in a separate

knowhén dare or brosing anyzwiiteble icatelystdaenrie thetactr Onelesmbietheds of catalyst

I ST IR A TR TN KRN T

Fixeld®ell Q1it108 bl ddwidleh @ fixddWeda iR - e dés £86@Auitable. See
reactor is e Iqégd for the i 'sonmeri zation reaction.
alSO’TﬂQéewml%éb%%é’r/ PREBM [ -tSigally datalysim campriigspedetplraf direup VIII

: i ti ). i.S. t ith .
e ERESBARA 0E H 8 ENLeci
platiatimiafi® pRllddamb,icach SOMELE RN Se Ligedi aSHIB iz @nitifatioR! TR support

paraffins to branched paraffins. Only mnimal
mategiabman pe gmphpesyer cretpllinen Suikhle sippere matsrials gastydndlidsmmorphous
e Qe “ﬁhﬁi | 15613t a0 N r
alur@?ﬁﬁ{nﬁ fﬁglgﬁ{ Sl@%azﬁc I Ny epﬁeﬁ{éé e rlglsk% of r%?g% etg?’r'1 E%A%@ 37,
SAPOntle SM-8 dMgARSK- 1 FU-HeNpr16dNTi- 18 @S M-3$ 2 /ESNI 22 07 PVOTRI ZISM-35,

' - n h%? hydr ocar bon. [0023] The
2SN AR 20 M-S M Gsad arF AP IpMSARELS bayie SBSO-11. MeAPSOS31
MeAFSERAPINISAESH 148 BNXPABNNET ARV Bl D HANG: FitA¥0 Y E1 APSO31,

usi ng ‘any suitable catalyst known in the art.” Oné€ or
ELARSOet Ih bdsnonfitecatnatiyist, offretite, hydrogen form of stillbite, magnesium or calcium
form of mordenite, and magnesium or calcium form of partheite, each of which may be used
alone or in combination. ALPO-31 is described in US 4,310,440. SAPO-11, SAPO-31, SAPO-
37, and SAPO-41 are described in US 4,440,871. SM-3 is described in US 4,943,424; US

5,087,347; US 5,158,665; and US 5,208,005. MgAPSO is a MeAPSO, which is an acronym for

9.



10

15

20

25

30

may be used. It is preferred that the isonerization be
operated in a co-current node of operation. Fixed bed,
W@ eiogkss4bed down flow or fixed bed |iquid filP@&HUS2008/076972
up-fl ow nodes are both suitable. See also, for
exanpl e, US 2004/ 0230085 Al. Suitable catalysts
conprise a netal of Goup VIII (IUPAC 8-10) of the
Peri odic Table and a support material. Suitable G oup
a megpl glupppasdicophospitiée BPiseylaumsvanuhesa heaastalnyle savtgnesium (Mg).
W ] Lnation.. [The.s t
S S 2 e Tl AR AR ST R RPS L8 Bre PP B85 4 793084,
and MigRB (s aratiesciibddsinEs/4,7 584 L0 ¢RI PH O ikSa prefeffed Mg APSO, where 31
anmor phous silica-alumna, ferrierite, ALPO 31, o
meagﬁ\%?af}lfs%%@%%fm@mg% Mampagral zsplitgs, sngipderigtite, that have
o s s S B AR e KRy romerization
by riviedRSOadsbeiathl ARSDNR1al oMERRBO cdith mvAPS@n4niunt dR@xtHange and
ELAPO 31, . ELAPO-41, ELAPSO- 11, ELAPSO -31, ELAPSO 41,
calematiapionredice igmupitintia ?ﬁzsﬁgf')seé& fof, asigghbigdi> #gPaboT and US

4,928t0207 | Iirther cABHRES]dLn@iiokSHof LeIBfl QMR adB @H‘ii@élﬁﬁd%ﬁ fs
magnesi um or cal cium form of partheite, each o I C

5.51RapoHes 0H88,956.and U 5,74, EOnbi nati on. ALPO-31 is

bed in.US 4 0,440. SAPO-Il, SAPQ 31, S 7,
(005 B o p il SER St 1 OB o gl i e group
condi@iig ot Rathahin USridmd $scbddmild® neo@fiudf amdden® gddFinffR; terbium,

and US 5, 208, 005. MyAPSO i s a MeAPSO, ‘which i's an
and grxtgiey thefask s detcaibedindhs AdHe 89T ansiid § 934049 thercuitale support

o, ST F R P i
US fle¢ciaoamd in theldBicle éiﬂigg% 8P§eiw @Rﬂeeﬁ@ﬁ@?@pl@g@s de96hd de@dxing by wax
. IS a prererre

_ in US 4, 758, 419, MIAPSC | APSO,
OTERGHES MBS A-%kps@wgwm@ugwmwe( 199 33449. The
teacRBRYof! _M,Pﬁb,ztl@,@}s 1,%@0,87315‘@3 2593 RUE 11874 158,415h8 4?%%,%24; Us

an initially reduced pore size can be converte

5,087 SeTrel /S Gl 68b6 % Uh5,208,005; b Ssk246eitek USSOMISIo7ariddis 5)851,949.
0025055 RREE hEHEP oPoB T chaToh T b which s

B LRSS kARA-hRintiNa £ AE PSR or B medils bAMPRe o
O g e pa g (A SR or ety Dbl i Group

VIILAo#w it pldensive oy the kpdreisamerizasion of loagicbain apena ipseffosedniaming

EA TR M N o e

catalfRivHichedongRises (9 poFQRCERRIgHeGhkRered Db isidniel With beta-zeolite
| ant hanum cerium praseodym um neodym um samari um
selecieglfemm ﬁPIiS’nﬁlhcta&‘r@iQBW%) andiborpyalumiag-silisete 661 BORsB) in which the molar

: I P ~hA 8, . r
Si0:JEROLE  Hifhd Bt abdd, (3 ueilutlS s SR p S einelfGloup via.
selecEANF@B platitnira nd palad @& fin bxeiﬂkném cblxiilpris;jeﬂ velehivathie lrﬂgng lr(bf E#8m 0.05 to
5, 246,566. and in the article entitled "New nol ecul ar
5% KNI ABIEL. GHlsmng SN By Ot | ICOROTY S Eathes ye
anothMr kil 8 A¥ivy J . Mller, in Mcroporous Materials 2

(1994) 439-449. The
[0026] The isomerization catalyst may be any of those well known in the art such as

those described and cited above. Isomerization conditions include a temperature of 150°C to
360°C and a pressure of 1724 kPa absolute (250 psia) to 4726 kPa absolute (700 psia). In

another embodiment the isomerization conditions include a temperature of 300°C to 360°C
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teachi ngs of US 4, 310, 440; US 4, 440,871; US 4, 793, 984;
US 4, 758, 419; US 4, 943, 424; US 5, 087, 347; US

wW®G2W8836656; US 5, 208, 005; US 5, 246, 566; US 5, 7RGI/BS2008/076972
and US 5, 851, 949. [0025] US 5, 444,032 and US 5, 608, 134
teach a suitable bifunctional catalyst which is
constituted by an anmorphous silica-alumna gel and one

| | to Group VIIIA and |
andGi PRI 1112588 ShyUh 61 SBhea 20 Sk Ao GRdiia). Other

at ons.
L A e
[OOBV]f undthie dimal efﬂatlalsptsamV\tEi die steamrabsgsed {feey al r@etionkshave been

stalllne mat er g ﬁostructural wi.th beta-zeolite
C&I‘Ig tlé &lOfVﬁgﬂﬁ)GﬁBﬁ‘l&{)ﬁ gqulg 88? 81‘ @:\segyrag% steps to obtain a purlfled

hyd?@da@dcﬁ' SeihRQrsSfiul hé@Hi%se(l Abiif r@g fudl, WUP ¢ 81 A& stream
Al Oratiois |g her t 1, one Oor nore

Cormmtsaig(@}h bélnmdgqong)onmt@lé la@aSﬂOllii éomp@ieactvadotﬁym]mons of which are
nprlse w

ot BT o0 St Pl e SRt oF A giechrozen i irs
sepﬁﬁieﬁm 1@&ne@izamonaﬁﬂuer%éﬁdratoﬁw1t@¢lﬁb se g-r%@:d(%@g%n bgglé removed in

t eaches yet anot her suitable catal ys
an qvsgeed e onitebleapyrtingragndidonsrof tf i lsomexs@tm leffluenosuparator
o bed and
inch e 0% B0 By R0 % b e L2 e 00 o
If theXOBG lbw BECMTGatom oBcpbasSUAE, 6f thd Cabok BrRidbaR!Irbh6ved, the

éﬁﬁ sia) to 4726 kPa absolute (700 psia). In anot her
hydisagB alItresYeed ok thediof bigh @é@ﬁamﬁhdﬁ@gm glripaer far use both as a

PS5l 3RO FAATEL AP,

pasyeditajhe i@haizaope ratiiogzeeradd thense ﬁyﬂrogdiebecomes a component of the
i sonerizatj.on zo re well 5£omn in the art.

isom G RARDh ERCURT 1 GRrEeClaliin priat W hevidt e eise e een partal

pres3iife® forahd reh&REITHRNS ARRER 1PA8Na FAFRAET 1RUbx g'eﬁatmi’l"ileactors and
processed through one or nore separation steps

dlff@btltd;ﬁ‘rdbé)cbﬁl it p@@uwwﬁ@aanMs @dryldmﬁuThealsoraerlzatlon effluent

th the fi ef fl ue
sepdlpBE SRRy BPEE: AOGSH o et t ot tatish a8 its of hydrogen

are @RSEOLS iICABPRACELCtioN 36hed FartRGhior QA8 1ealt aV)ﬂirﬁ(ISh 8 Be tQndifder or
recycled, nultiple separation steps may be enpl oyed.
bottgryp Sfé@@sz ke lmw@g@w ¢t§lugntsgparaiepavaztbe dedyaled to the isomerization

reac lﬁﬁ%{a% drOReHhd bAEMoSERALALAL, W LT T e separated

drogen ber ng i'n an overhead stream Suitable

[0028@6 r aThem@ntaﬁnkér t)f (blﬁfln@f efflnentiagterniie ir&@byHf Bfdlop@ndtill has liquid
separator include, for exanple, a tenperature of 2300C

and gingous enpanghts apdl iseotrdk by (eshrignes eich goair peeling, orwater cooling
and pAASEE Scdld g rHANGRIE Jﬁcﬂﬁ'c}]&;rﬁg eHPiQ s 1%%%8(% groglr tht Iégseous

car bon oxi d are renove rogen

compesyic|Sedtablacpetatng hendidenshif gie @re _S(Splarafoﬁmdnd@ Efﬁr example, a
g .gas_and

emiERRE 206 RO e kg s 0 Bobee (8F ety Antiter byproduct
streah® RO A4@ b 2dPAPREM sl Rebdifofl AOTEALAHIBR.A SREH L0NiANA

and t hus the hydrogen beconmes a conponent of t
separating from the gaseous component, may be recycled back to the 1somerlzat10n zone to

increase the degree of isomerization.
[0029] The liquid component contains the hydrocarbons useful as diesel boiling range
fuel as well as smaller amounts of naphtha and LPG. The separated liquid component may be

recovered as diesel boiling range fuel or it may be further purified in a product stripper which
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I somerization reaction zone feed streans in order to
provi de the necessary hydrogen partial pressures for

w0 b@dsdt or. The hydrogen is al so a reactant PCI/UR®08/076972
oxygenation reactors, and different feedstocks wll
consune different anmounts of hydrogen. The
i sonerization effluent separator allows flexibility

for the %ropess to operate even when | arger amounts of
SePHHIGP tyess PawecoRpaRats il dipwlyadrgasesigyp theghessbp@duct containing

Cg tE @25 H&‘?ﬂﬁ‘? bfd n@ho-?a?e?ﬁhecﬁalla%e%j §’Lﬂta.9fe &;}éﬁtxﬁxg gﬁ%ﬂggﬁs Hihe Product

ottons streamo e 1 sonerization'e separato
strippay inoBide @ayrapedtetad ftone20 s02¥°C 2athe@verhead hndnpzediee from O to

increase the degree of isomerization. [0028] The
]37pggﬁﬁﬁﬁgpe8?“%ﬁg”¥FHaI effluent after the removal of
[oo3nfdr oggAL BEINApHRARSsehfUh sy %ﬁﬂ@ﬁ%g%teq RQREILSiZ&N

i's cool ed, by techniques such as r cooling or water
depppeiizergn ander pasepethtd e dPSointo sreparrdadrstradrer leatihg the naphtha in a

o SRR g SRR 0 A N RSP tiom 20 1

2009E RAREL M rhéAACINdApredsofe BXAMRD 0758k PLIRBIAL gﬂ% 400 p2fd).11%e LPG
600C and a pressure of 3850 kPa absolute (560 psia). A

mayRe 9fd #y il edlecproduct @amaydealsebasiephioat kylragen pradictian facility.
. [ | i gui nent . after cooling,and

simBIY Bty beliled (S BNIO & Mo BrodfEG, BEE ¢ e

[00313ck Tie gdseonss@mffonZ@istfitatz@ Nethk Prodiet SpsRIdrOnPEsssatostly

of isonerization. [0029] The liquid conponent contains
hydsogen pyciths cabeB soxidsirom’ the deraeoaylakion Faapgon: Alber components such

% K r .

o 30l S SIS BB L RERRL: S1MEpponen

maybwi presegt asange If selesioibld to raeycldhe hydioher topthie isbieeizationazone, but
er whi chseparates | ower boilin

: ct.stri. .
if hE 5 5?1 meedﬁ BOeRICHF d CGRSRT oy P AR B I dropndafect the
oper@aQ6i 8f ik Mdnferlz iR OTHBE arBitUiBRA0 < SRR HSANES hydrogen

Sui tabl e operating conditions of the product stripper
by maan$ weB kaowe i theartessuol a$ alorRONtvatl2O00Tnat readimn with a hot

overhead and a pressure fromQ tp 1379 kPa .aphsolute (0 .. .
cart BRSBTS B oS e A ROAE i SRR St diovide
can bdlfdcbedre SBP Afgah@Bkindtha spe UbRMpIS mediadepr opani zer in

order to separate the LPG into an overhead stream

[00324 5vi TigrikeHy. theprfwroprining sempmsnstuck aprhyGoeemsilfide is present to

' ndi ' 1t includ rate ..
oA RO T ! NGl LG b BIR A
amolinte of thetdecaBoBylkkRm aldsietatbenyl&idnoredddnpad eympafbetol PG

may be sol d as val uabl e product or may be used as feed
hydrpdeoxYRSAH ISR &FRCHPD HRE RicaH qeairmetly theglerx yagnpijon gqne. The amount of

sulfFEPRSHRB1IERY, BiEs ﬁ@lgntaé iffARAcd BeardUr %e&ngfeﬂgg EdcBBhs and so if
facility. [0031] The gaseous conponent sepdarat&d In
exceshellfor odpretens @far at lenst clongrcesasaynistenovhy defogethe pdrogen is
t.he carbon dj.oxide.fromthe decarboxglgti n reaction.
recygﬁeﬁ & &@bﬁlﬁ SHt'ﬁrt g)ng%leﬂg components are recycled in the correct amount. The
sulfur containing components may be removed using techniques such as adsorption with an
amine or by caustic wash. Of course, depending upon the technique used, the carbon dioxide
and sulfur containing components, and other components, may be removed in a single
separation step such as a hydrogen selective membrane.

[0033] The hydrogen remaining after the removal of at least carbon dioxide and the sulfur

containing compound may be recycled to the reaction zone where hydrogenation primarily
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as carbon nonoxi de, propane, and hydrogen sulfide or
ot her sul fur contai ning conponent nay be present as
wWaw00v/039387 i s desirable to recycl e the hydrogenP@oUs1968/076972
i somerization zone, but if the carbon dioxide is not
removed, its concentration would quickly build up and
effect the operation of the isonerization zone. The
carbon di oxi de can be renoved fromthe hydrogen by
OCCHS AR/ORK nYIHBYUEHH befdregetorss TheregyclgsEeimmagyibeviniredugad to the

inlePOR BE red-BEE E(’)rférh W o %w&%s&ﬁlgaﬂé?g%gggrr% gj’n%q)'eneﬁt of the

pressure sw ng absorpti‘on
hydmﬂmhlr&iyic}p ipur eort@i thenedperxiveericamrde thicecipndwad@tbals. However, as

t t he spent absor n e [ 003
disciygl Wey't hep o p wfr Gaton rﬁﬂﬂ@e @amge H@ﬁ%fm@eé}aasgé upon the
dem%(ﬁ’{ﬂig@gén%mufbﬂg§ itk ﬁle %agﬁgﬁ bofCarlQlol bARE T ?)81'1 U:n‘iaﬂ: Tature control.

sul fided state of eoxygenati on catal yst
Incregmg bk hytwogere Bdtﬂm\hef arbarenstiof mixtee ddows basyt@sifohoperation at

and decar on reactions as conpared to
lowﬂyHF%H%E%V@QﬁﬁiF% 0g8tion that are all occurring in

[0034)€ d?@éfﬁﬂl@%ﬁ%&ﬁb&ﬁﬁl@nt i RrosaB it ilIafirateh0fhil fivention and is not
controlled to be sufficient to influence the ratios of

intepdpgl %@ﬁﬁ‘@ﬂﬂm@mt@@@t Prothe ganetaldpbiopd esapeoé tlmhf/ﬂzntlon@s set forth in

r at .l ea the exgess.
the @éfris r%t tﬁ!: hroger:sg 1se (riles,lcrslgerdelc ﬁperaf:%s W’tﬂ}l%\ erf:?]cee tg &af¢uf Then the
proceedis dlesuribgd GOMPE@Rdibwah eefeRayCloFdG. . t he cor r ect
anmount . The sul fur contalnlng conmponent s nay

[0038d oy Berming tRd 166 EnHOf e sPrit Oh s 469 a5 byqlr@gew%dvalﬁ injected into
reneMIb e st&lé 1@9%1%}?&1@@%&&5%09}9 hafo d‘q dﬂoﬂ? flg‘? gﬁ)ng with

the tec que use e car IOXI
recycbrlt}@lm‘gen g 26 dopexygertased mnducot Deis toppedrie hbtshydlﬁiﬁgenbmpper 108

s 2 R e e s ep e ge ey
1 10.3§ft¥i?§ect Jk%x%rg‘éﬁﬁ%é@l pr&fucti1d 8 %%seg a QBfﬁeﬂkeﬁ?&h%n@T% 51BRg with

ur contai ni ng conpound may be recycl ed
make-agdtydmgen dhéd. Vlmmglzhsl prasigenklts is nombingd miithyoethend 110 and passed

d/ t t ds/ The rec
o ppfdhech Sy e T ARGt bre vt T Bebiontt ReePEL Foppr
bypro@i&@ s&Bsth QR4 L1, dasPen SHESE IP6 Nind Mﬁh&@ﬁ&h@fnsndmﬁdua 122 are
benefit of the hydrocarbon recycle is to control the

rem@ Ve Ema pradact ieewyen gonssi? Ot Beanichest mraf@arn@eugduq%%v@w be
coll&%‘eddf' P& %Qﬁiesgpﬁ) }alﬂ AP yxpc{ IP,Ppc{r h@ﬁdsE OC ar g LSS ec& & both the
may be det dedirsd g%%

ermn e upon
deoxsgkndviohiréaction Zblﬁlﬁl(ﬂ&ﬁﬂtm(ﬁﬁbrmﬁ@l 2o net bas ed upon

tenperature control. Increasing the hydrogen
[003§i| ublyrping te RIG. Rethe prcessdiseis ﬂlﬁhrIéO‘éWd?/}Hn phyulfur 1 as hydrogen

sulfidé! B&E% gfjé’éte@ﬁ’lﬁ{ %%%&?bl%eeh@é@f 2 Wh?&lsng &lgil%‘l%ptlonal feed

r educed cost oW ng e
surgpdmse fThe teellstodl dtestrigcdrorinaf withiesydle mmatn Dtodonn c@nbiaéd feed

' : n yndue limtati on t eneral |'y broad
e e T O R o e RO 3 sention
reactbt 4 SthelfBQIPER Gﬁﬁﬁni SrefBSHRAI P@Jé) ppth SIENGIBY ctaiNth Fomponent such

reference to FIG 17 Then t
as hydrogen sulfide. The sulfur-containing compound may be added to the feedstock, or may be
added directly to the reactor containing the reaction mixture. The heat exchange may occur
before or after the recycle is combined with the feed. Deoxygenation reactor 4 may contain
multiple beds shown in FIG. 2 as 4a, 4b and 4¢. Deoxygenation reactor 4 contains at least one

catalyst capable of catalyzing decarboxylation, decarbonylation and hydrodeoxygenation of the
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process is described in nore detail wth reference to

FIG 2. [0035] Turning to FIG 1, 1100 wt. ppm of
we0000893300 as hydrogen sulfide is injected i NP@I/US2008/076972

renewabl e feedstock 102 which then enters

deoxygenati on reaction zone 104 along wth recycle

hydr ogen 126. Deoxygenated product 106 is stripped in

(EOt hydrogen stripper 108 using hydrogen 114a. Carbon
feedstock sregione Rayash- lsgﬁdge%ﬁlén Feapiov eldluontisieany cogfeminigihe products of

. [ . pr i .

the BARL QA deionh b BABEe R OTORL ML LN o B Fyhansea it
stredry @0 ogetnininpAbed tbslendok ggaatso@uadr. $kéan 6 coMPhics @diq\éﬂgtdbmponent

over head, 110 and ssed to praoduct recovery zone 1
con s S5 e Booc P eiessh hedane reBis nidegicous

R iR hindb 4Ry ayq Hf S ioxi

COH%%E%Cﬁgg&Ba?af [ ﬁﬁégﬁ ﬁr%gggg‘%%%gggg reﬁ%%ﬁ@if?%%?dmmukand
propneduct recover zone 120. Branched paraffin-rich

duct 122 b ted for, yse as diesel boiling
00 0B R ke R P By oS ogen
stri];ipelesm;géémfnggiéi irl IBRCT0 19 BiviRASntd Bdo ?g\%hs?@ﬂi@ﬁﬂ 4r@N0b. Make

zone 116. Turning to FIG 2, e process begins
up hyflrogen mogregin. 1 Op pralssf ingeduced tothaabigh prvsege hydogdn stigpper 8. In hot

higtRL DU RERT drbBist: BRER Pl oruGRgE & Fknvetaaron ekelor cifluent o i
strippe@fisinakkli@lid eafporencardebiednmMdntedctst el Rnbé ﬁﬁﬁ’%’in%@e- d}S’hydrogen

form conbi ned feed stream 20, which is heat exchange
10 gid geycbalaydspeear2t) Langaseais compandnh coraprisdrechydrgsn, vaporous water,

o SENBBIE 0 LRSI o O LGATE G, KDL PP ARG s

hyddoyelr ogpper suérhéadestredih d 4 STHf ramamaipt lajuid dgnpoasif ﬂéoydlygynation
be ded to the feedstock, or may be added directly to
reaciOf Tfigal s GmRriSIeAI MY DorEna) Baiak o Hoins.? GHBOR miabasiam 8 (o 24

SR BS80S RNy g oo 12

[0038bnt ah poriigntof b{)@iﬂe@ss&l‘ﬂiwdrdg&n Btripeizbostomd figrniblre@ynld stream 16
and (P VBBt E iRk et R Syb BT 58 26, Another portion
of red@gasthanyl @bb@haﬁﬁﬁaWWa%WWﬂﬁ%H@&l%fdf?ﬁ%gﬁ?gﬁhQ&l&or 4 and

to renove oxygen. Deoxygenation reactor e

introdpged afringeratags lafationg suchas petwgercbeds ga anthéb mmamibggs 4b and
. tio [ e fr deox ation reagtar.4 an
e B b e A SRR ef BEA T ich g e
hydrogawsyrigRabotms if 3G¢m 12 Stdoadified vaOIIIESEeS s@eadnt MY @ form
onent containing_ |largely normal paraffin

Com‘%ggﬁ) Beeampldnshich isrpwed fois@menizstion fgctprily Suai 18 nyade beal
emch%g%gQﬂ&ﬂ@mﬁgﬁﬁg&pﬁﬂggggﬁg&h&4hydrogen, vapor ous wat er,

on nonox carbon di oxi de and propane. [0037]
[0039k ox yithe patduonofitbasomeriakibh waotor sérit&iaimg @ gaseods patibedf liydrogen

o B e R BB s oo
heat S{ch&HP whiPstRAgh 1ROR- indViBed 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
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up hydrogen in stream 10a is al so introduced to hot

hi gh pressure hydrogen stripper 8. In hot high
WQe@9osa3e7 hydr ogen stripper 8, the gaseous conPporER1008676972

deoxygenation reactor effluent 6 is stripped fromthe

l'iquid conponent of deoxygenation reactor effluent 6

usi ng nmake-up hydrogen 10a and recycl e hydrogen 28.

The gaseous conponent conpri sing hydrogen, vaporous
rempechin SUBHP BB MsHS RYRIeduct siresamdGima plge barranqyed &iomt groduct

I Q :l i . i . .
B N
relatii/ﬂublgtil_ﬂiesrpmrs_ep‘drat_e? hﬂeamgfﬂabitmﬁmf _rrﬁﬁﬂﬁ@kfr,_ taé teste E’d’ng@ components,
.comprising primarily normal paraffins having a carbon
being pifarayyn %ﬁ\%fn@%ﬁw@ H2 40 b Hh e Urimtid s igrodiged gita gretionator 48
L i Se
lineky&rdgentsnay ppesed botet prisatfleasns poraoy of the Sbomeemtibg zamseffluent

j onbi ned with renewabl e feedstock stream2 to )
back fo i BORBHAIIRBAORTEATIEC RS grIUR Sy parefing il we omsrized to
brarfché€pdtuii@s. optional stream 16a, may be routed directly

t o deoxygenation reactor 4 and introduced at
[0040t er $hagaror siec InBompedrlugssepanive 34 chreains tha gasedusiportion of the
. tween.beds 4b an Lh order, or ex le, to
180112' atl%nn e‘rlr%\/\rg N R P;aé‘t%xgr OBEIng PR Mogp Xlﬁgﬁl}’ﬁ{ ogrn sulfide,

carbjoh @ditfeeind e page Beshust PPAE cHBRbF H%ﬂioédih, iy @a3mbletd Seycle the
conmbi ned wi th hydrogen stream 10b to form conbi ned

hydeoger gl pesifhyi thnhydogesstibide todsospernptiontergar 4.datit srnopdesirable to
cic ST 0 WERIy EYSUIRARGML Iy LDRIETAE M biowce et

recycBmgrenpor sitdaor3a. elydiogen aahiiyalkopen qulfidg asepussuramt36anahe recycled
hydr ogen and rogane and a branched-paraffmrich

to i O PO TRAS PR 20 pyed in |ine 24, and after

004Rt | TRl FMBAY &Faﬂ?ﬂ'@@eﬂ%ﬂn &5 HRAMA & thé Sod

[ ‘?gto hydrogeﬁugepa at or 2§.aT%e gbéﬁﬁgagég?p§g§$g§ﬁﬁns

occyrripgrithihd degreyzes g par zanorARBng greh@r tsndODOrar 2300 pppdodganfur

whi.ch may be recycl c o hot hi gh pressur .
con ekl heicisThsnied b Srclhieatr e fearmapation.
decaBRS1aioarand Byl ddbly e RoBFedtsibROtodal ordROIE& arbaAyAREN and

i ntroduced i nto product separator 34. |In producCt

decasqyaiatiograt g cxpensg a6 dydpulepkxgenation ieactimy Eamlecarboxylation and
i, S| n. carbo noxi de,, hydrogen .

decERTRAGEN A R G o TRERh £y PhEBTRtpmor carbon

dioxsderredunes ewhinhter bhearbdilatbehs vy theQardeaimon @ehdrated @ont he

streamisrenoved in stream 38. A water byproduct ‘
decaghaxylation gndrdlgeash iyl aion reashorasioptnapdsa advydespeoateenerated using
hydrd liSn| c u i 2
s SRR Al AR PP 4 R g
reac@oms separ atatrddthmugh hemitoddg viethitid bEnsramRCpdgiraffih§ generated to
di?fel r nge conp&nents, bei ng w t hdrawn from product
normniy! Cupprspiind generptechAnpsher sraven{ mepsuring the relaiiyscanaounis of the
reacthrRGLLABAL A oABoWHr ¢k OPEIHALES LR ARPA Q,Qh rboxylati
overhéad %O Feé%iné a napﬁ?&ﬁi%é??onséggksﬁhF o%ﬂ&%!X)}l on
and dgenibonglatibn reastidt@, pradice oarbdn oRrElys, yehiledsdrddeox yeyaticn @bduces
| east a portion of the isonerization zone effl uent
water.
[0042] A feedstock of canola oil containing 2500 ppm of sulfur (in the form of dimethyl
disulfide) was contacted at 1 hr’' LHS Vg with a nickel and molybdenum dispersed on a

active alumina (catalyst at 316°C and 3347 kPa gauge (500 psig). The hydrogen to canola oil
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back to the isonerization zone to increase the anmount

of n-paraffins that are isonerized to branched
w@20090893ws. [ 0040] The vapor stream 36 from prPCl/ts2008/076972

separator 34 contains the gaseous portion of the

i sonerization effluent which conprises at | east

hydr ogen, carbon nonoxi de, hydrogen sul fide, carbon

.di oxi de andﬁgfopane. Because of the cost of hydrogen,
ratip wap d0QLSCF/ A st-ertdOF 2 Byt Partione! Hyedesgen therithsaatin waschanged to
dr oge [ e ' reactor 4. .. but
00 R g R T e o P R LR BB P g e v
restdet efth balyi 300ippnashifunt Ageiaube f@msERiahathel dihafiea ik e feedstock.
di oxi de befaqre recycling vapgr stream 36. Hydrogen and
¥

Therpgercliyatio of degrygendied rigarctde fesdstrdewand lbe recycl ed to

e d i Ay ] | e\
o042 PR D608 A ASHLAD, AR bR TSl
contagrdtZ506 ppmcuifinr angniparé¢de theporyige oAthieann daneontAded ogly S00 ppm

reater than 1000 t 00 of sul fur containin
sultfi Aot “u e Bk YIhiThE Feieck Brstedesct dhetago 8FnCir/nCs
beghl'® HRGAY RARKIAS IHAPmMORESE@Y, %%Y)L:ﬁi%‘g%ﬁlﬁ@ﬁ relative to nC17 as compared
hydr odeoxygenati on reactions to vor the

to wiher drepolyr wes ez W dpaeimahd teedstack. dinis sdie hijkleodenpygenetiaf reaction
t he, hvdr odeox at.ion reaction, The decarpboxyl at.i on .
e P e P M e S Plots A GR NF o e being
con@sted vid @dbGlrodIey kit fitioAl T RIPHIDkK PodndBor RYHESESconsumes
the nunber of carbon atons in the "hydrocarbon

hydepgge pad isdherelons & moreieessly oy tathieskesizasih ydeecartswrilamisiton

' t . bon generated usi
ool RIS A3 SORIA B RS54 00R SR B A
demexsirgidsahaitigh leetlabof vdfiarbifngs balantsf the ashpang rd®YioR€to favor

asured .t hrough nitoring the ratio of normal C '
the %EP%PPY%% %Wgﬁ%&agng‘aﬂ% Fasglionsjovghtha iy iipdegpiganaticadgeaction.
[004370t NelG vway 4 ?ﬁot ITE 824 FHdhY tlk@gm%t%%?ér%rﬁ&twiéts inqlflgté g %he percent

reactions occurring is to noni e carbon oxi
carbpn gvwordle agd nabondioxidere diottad vexsyd mdiroon sinehm. Again the plot

decar bonyl ati.on,reactions duce carbop oxid whi |l e
sho R R s 06 S iRt 2S00 AbErn Ffegigabiook ¢ SadPBaR the
feed9tbcle aROhBo@itlof eABbALRIIBYsIAANY IPATAR( i&H&d‘thﬁg alrbfy i in the

formof dinmethyl disulfide) Wwas contacted at 1 hr 1
amoppifEEcarb oty lation ankalecarhex yltionog btivertah ghedssigamtion occurring in

Y um.na (catal yst at 316C and 3347 kPa gauge

the %@%%geg‘%‘?‘lﬁ} r.ea‘ri}ﬁ% hydrogen to canola oilratio was 4000

SCF/ BFreshFeed for a first portion of the test, and

then the rati o was changed to 5000 SCF/ BF reshFeed for

the remai nder of the test. At 1900 hours on streamthe

test was restarted with only 500 ppm sul fur, also in

the formof dinethyl disulfide, in the feedstock. The

recycle ratio of deoxygenated product to feedstock was

4 1.
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[0043] FIG 3 shows the surprising results of the

portion of the test where the feedstock contained 2500
wWERwesH3iur as conpared to the portion of the PCHUS1088/076972

contai ned only 500 ppm sul fur. As soon as the anobunt

of sulfur in the feedstock was reduced, the ratio of

nC /nC 8 began to decline indicating that nore nC s

was bei ng produced relative to nCl7 as conpared to

CLMMA: t he sul fur was at 2500 ppmin the feedstock. It
I's the hydrodeoxygenation reaction that produces the

. . . r‘

D A R AT e B Do il abld eecstock
hywpodegkygergahé taedstedcini adfivst iEheridnyne B¢ by yweamdtingand
r,eacti on. cons s hydrogen and is therefore a nopre
VST BEE FETEORK DU 3 DUATHY df BasH LIRS it essence of
d e vlati . .
R PR (BimpQfer SPGB SRR thfh 1000
wéviiing sgfursmedsuredsdsielamanitid shlfilira icierowide tatfestaeap®hizoge product

reactions.to favor the decarbonylation and . .
T SNies Brotsn. tbAL B e Y W Stedytan cpwRrising
p&aftins ®aving 4B &b4carBor somspl ot of data fromthe

same experinment, however in FIG 4 the percent carbon

2) ‘khnpsecers odfdaignt Buthedranpidngyepapliogting hoehighpréseuediydrogen

r 0.t t t hat. upon reduci t he
AP & POl s e OB P b B LB T e anc
tdrborf exidat foork thd fist eatrivi zodt pealldOdireanl MASnSERIcRYa remainder
decreased. indicating a reduction in the anount o
e SEPRFISAS %ﬁeaéh@e deReEHBBX {0 wtccond reaptan game @ contact an
PR ERRRAIR! SorRAEALLA itk 16 L BRRYORORM: ABortion of he
panfiing iand gerehatel p dsaichgt plaf€in-richomeamt enewabl e

edst ock risi treati.ng the feedstock in a first
3) &@55T¥8ﬁ”§3ﬁgg%g%W§%?8@@9%?9&9 and deoxygenating the
d)eeembifike theibithche Ll NSHchArehRAMHIRN: KON s}tx‘feﬁx&%o £8km a

the presence of hydrogen and at |east One su
cosp@phiedgtresponent in an amount greater than 1000

M S SR 5 SRBlETT BB Sihend Somprisin e
Coipdiog e gny:EF SHOEDXidE BohOR 1 ghia Ky @RdcardBA c8mpPyin Gal bon

fraction conprlsug%>paraff|ns having from8 to 24
QartsereHohg liqpid hydeocatbepsemperent ai m 1 furt her
LS ' [ j ressure h oge
4 BRIRGLES BICRERTY Shhidonlfiofhe dino Mol b RG34 B rogen
frerashe rapdret ipanffid-rich erswai aid @ogclimgrthoRydrsgd@asmbhedTrom the
the first _reaction zone ﬁroduct stream and i ntroduci ng

banchsic PRAEN-HER YETMLOHT NTHEN BesyusaBYdrogrs SIRREraf f i ns

5) TR Ro&R§BNA1ERAGLHRG c%ﬂgb?is g rEQRi %5 pBRioh PR deARtd @Pstream

catall yst at 1sonerization c ndi‘tions to i sonerize at

dogwsising ageadt iterpacdffinhe the first reaction zone at a volume ratio of recycle to
feedstock in the range of 2:1 to 8:1.

6) The process of Claim 1 wherein the reaction conditions in the first reaction zone include a
temperature of 40°C to 400°C and a pressure of 689 kPa absolute (100 psia) to 13,790 kPa
absolute (2000 psia).

7) The process of Claim 3 further comprising separating the liquid hydrocarbon component

into an LPG and naphtha stream and a diesel boiling range stream and separating the LPG

and naphtha stream into an LPG stream and a naphtha stream.
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paraffins and generate a branched paraffin-rich
stream 3) The process of Claim2 further conprising:

W@200008434ni ng the branched paraffin-rich streaP@HO0081€76972

8)

9

gaseous streamto forma conbined streanm b) cooling
t he conbi ned stream and separati ng a gaseous conponent
conprising at |east hydrogen and carbon di oxide froma
i quid hydrocarbon conmponent; and c) recovering the

The;pragessyd (Jaiar B birthes apondsing reychingat deast @ pertiof ofthei naphtha
i S| ' | east i f .
Rt ST SATRA! O BRI M SRR B 3% Hehagfprescion

amet. recycling the hydrogen renoved fromthe branched
Sgraffin-rich streamto the hot high pressure hydrogen _
f Pssess of §ylammy b figthsr eqrapisingiraatinga paiolevar derdied hiydiogarbon in
LNG: i ' r stream conprising
S o A M R LR et Ton zon6 at &
volume ratio of recycle to feedstock in the range of
2:1to 8:1. 6) The process of Caim1l wherein the
reaction conditions in the first reaction zone include
a tenperature of 400C to 4000C and a pressure of 689
kPa absolute (100 psia) to 13,790 kPa absol ute (2000
psia). 7) The process of Caim3 further conprising
separating the liquid hydrocarbon conponent into an
LPG and naphtha stream and a di esel boiling range
stream and separating the LPG and naphtha streaminto
an LPG stream and a naphtha stream 8) The process of
Claim2 further conprising recycling at |east a
portion of the naphtha steamor at |east a portion of
t he branched-paraffin rich streamto the second
reacti on zone. 9) The process of Claim1 further
conprising treating a petrol eum derived hydrocarbon in
the first reaction zone with the renewabl e feedst ock.
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