1 5 PROCESS FOR THE MANUFACTURE OF DI ESEL RANGE HYDROCARBONS Fi el d of
the invention 10 The invention relates to an inproved process for the
manuf act ur woofooapdrodcar bons, particul arly di esel range PETFRUWaOBSNS
frombio oils and fats, wherein the formation of higher nol ecul ar

wei ght conpounds is reduced. The inventipn also relates to processing
of feedstock containing free fatty acids, using 15 a hi gh product
recycle/fresh oil-ratio at reduced reaction terrperatures. Backgr ound

of the inventi ro nt nt d or
i esel fuen, GXRERLS! VRBR Loty HARGFACTERE (O] Bt St o iR
enpl oy nore i irepROCCARBOWY | abl e renewabl e sour ces I n the

manuf acture of diesel fuels based on biological raw materials, the
mai n i nterest has concentrated on vegetable oils and animal fats
conprising triglycerides of fatty acids. Long, straight and nostly
saturated hydr of fatty acids correspond chemcally to
t he hydrocar bggcg&p?g@éﬁ |dr§'ﬁd| esel 25 fuels. However, neat vegetable
oils displldty inferior properties, particularly ext renme viscosity and
poor stabili tyrhanﬁhvteh@cmefmlamst beian usprovedt pﬁﬂ@OIfdiratth@)I’lmﬁmﬂlmrbSOf
limted. Conventional ap r. es,.fo convertl eta ils.o
other fatty a?‘V‘Efo%'g%'@r' “FFFL r?rtgﬁu]?y(ﬂh‘? %Fﬂ’i‘b?’ﬂ%@qs and “fats,
transesterifi galten theCﬁmttydd &f Higﬂérqhmanmhgmhmﬁmha@ il RBuced. The
catal ytic cracking w thout hydrogen and thermal cracking anon

others. Typi cavestion algy jeéalesi ta @socessingrrtrfgedsivek rentrning fss acigs, using
veget abl €49i | §,p; Oﬁo&&m’e% él&ﬂeémﬂpraw% fefl Je §é’a998'¢]féﬂa EshftésS by the
transesterl ficatfion reaction wth an a & esence of

catal ysts. The obt al ned product IS fatty aC| d al kyl ester, 35 npst
comonl y fatt n&@%ﬂp est (FAIVE). Poor | owtenperature
properties of HB 'Werﬁ %its wider use in regions with col der
climatic condi t| ons. 2 5 Said properties are the result of the

strai ght chai EntisérisiehtadfinfeRets flYlanribtreditlgedeanmdt o Siete) HOLIE edpocidly af e
needed in _order to create even cg’wrabl e cold f|ow proper]ia&ieer

Car bon- caPBon F4BRE @CRHyARIUEHICRSET 0 GRBIGY 916 fHRs cly e epgygable
stability of §afba RCME nBBhfEEre SHUIGH] mals%atw dhrblgbgﬁglwa@t@a@nﬁé the
transesterification technology. Further, Schmd K-, Gerpen J.

SAE paper 961088 inferestebast ¢racentratedion pmaeé@wkwﬂ@fandxw@ﬁl fats e@pnmssng
results in un i o]

conventi onal g?%g(feﬁmf Ffﬂﬂﬁ gésnlr?og-J %ﬁalgt nga(moae %E%a\?%dd ?at}g{:na(}?ortty
aci ds or thei chast ef fattyp geide conegpordt dhemioaby td ﬂmrhydroﬁrhomkqmspgtemahesah
of bio oi and. f which are o fa based nb|o al
mmterial. 2o el Rl e - tnabley oS sty B o popudPs pbRATHY
may be carri edxtdie ycosity ald/hdot stABEOMIOBERSFIrd theirSid€ bh Bnsportation fuels
hydr ocr aci ci ng,  but. al so nore controlled hydrotreating conditions may
be utilized. &JFI“FF‘Q‘ hydrotreating, particularly hydrodeoxygenation
oxygen cont ai ni ng groups

Conventional approaches for converting vegetable oils or other fatty acid
30 derivatives into liquid fuels comprise transesterification, catalytic hydrotreatment,
hydrocracking, catalytic cracking without hydrogen and thermal cracking among
others. Typically triglycerides, forming the main component in vegetable oils, are
converted into the corresponding esters by the transesterification reaction with an
alcohol in the presence of catalysts. The obtained product is fatty acid alkyl ester,
35 most commonly fatty acid methyl ester (FAME). Poor low-temperature properties

of FAME however limit its wider use in regions with colder climatic conditions.



20 are reacted with hydrogen and renoved through formation of water
and therefore this reaction requires rather high anounts of hydrogen.
Due to thewd 2§pi1/4p3®Rot herm ¢ nature of these reacti ons, PEHE2¢6/450301
of reaction heat is extrenely inportant. Inpure plant oil/fat or
animal fat/oil, high reaction tenperaturges, insufficient control of
reaction tenperature or | ow hydrogen availability in the 25 feed
stream nmay cause unwant ed si de reactions, such as cracking,

pol ymeri sat.i on, . ketonj.satian, cycllisatjan and. aronat L.sat.l and
ok g of - he Seid EppRHia i M refiifel B8 kR B ol R ot PR RANE 8%l
and the propenhd ebusodoublecBalds faraatdded if rddr 18 tbreate Wshobaaklee Colf RS
and free fatty acids in bio oils and fats may al so pronote the 30

formation of RERFPeRpbaBAR-s3r00m Aeihle Bonds A0A Fster GFAVRH hawves dgggase the

pl uggi ng of t Repikiy Be iy MGk, Whid e adﬁgﬁﬁaﬁﬁdv‘aﬁ{aéé ¥Btraf6dtér¥i o2 Nd
life. The fatty acid conposition, size and saturation degree of the

fatty acid nmayeohnelogy dntherebelimigt, Kn Gemendt\btRABPpaphr 96 &086rieaches thatrthe
The nel ti pQi f i i IS i . f.
satur ati ondedranortiSgdiin Gl Rt lng MBI BERMISIEUR G 1y

i n this respecbtmpaisdn kesmvintibnhalgiesel foelshydr ogenati on of doubl e bonds.
Doubl e bonds in a fatty acid chain also pronote different kinds of
side reactions, such as oligomnerisation/polynerization, :
cycl i sati on/ anpdedifed abkypen afey ChAGKIMBEd Fach | aR§, acMy ob GeRCderatipy
catal yst, increase hydrogen consunption and reduce diesel %i eld. 10
Pl ant  oi | s/ f adeoxygenasian aeactigns; The deoxyagnation phbie eilsandafatsy wichaug gils
free fattysaChas dBised o bRISAATRbAH] 16 rdd b ' 1
triglycerides espae%\?dasﬁ]y? en£0| “seeds g?e ﬁéleﬁp?t}ﬁ?n %%Eﬁ{agﬁn%ség sgr e.
Free fatty acifiatd pradudte wmiayobd carried dutr ibygcpalytié i kyslronseressingyi ©ichi bs
and fats, espegi . I C ti J I b...cat 1
vdrofyel s, - TREEatil bhl AUl tRa bRty BhaSR it
oils is typically 1-5 w %and in animal fat 10-25 w-% Free fatty
acids are corrosive in their nature, they can attack against.

meterial s of GRTPESYOOEE LR b e o S L R P ERS giops
Free fatt yoachfSeicda@lCWitl Bydtogdnfdndir@hévad tidolifh foRination SPWAtkt dndSherefore
produci ng netal carboxyl ates, which pronote side reaction chem stry.
20 Fatty aci d¥hisnasactips gephssoither high gmeuats f Bydregeny \Puso i #igndighlyThe
boi I i ng range PMATS Nin ds 4 hikd of
di esel fuel aﬁ’gjthnay sﬁ%tplt%% ttl%%lg‘#g) %’fﬂlléscgrr@r fg@i&%ﬁh%ﬁ&;ﬁ@ﬂ%@e
to the free fanportaatildepucomiaat wddfat or Bhimadi faoihnkigh ataction emperatures; on
of heavy nol egul ar . wei c oun re. 25 signifi.cantly .t nereased
corpar et Lo ¢ PgoislE betitor S TRRHOE Ferichel 0 BRI B B
free fattgsactadd stredh¥nay Buak agivastbd sids\reaetions, sabls aodracking polymietisanohal

conmpounds, organi.c nitrogen, sulphur and phqsphorus co unds, whjch
o e known cat LRgusstoR FETEPE S FOTBUBEPLGHE PREBI 151 ARt BEs e dene
service life @dciidh alkadadrtt dRAHeld 8EEHS pkopehBRE oNMER] bR DBlaial al yst
regeneration or change. Metals in bio oils/fats inevitably build up
on catal yst surface and change the activity and selectivity of the
catal yst. Met Haidd BT rf%gs' : i I
catal yst acti %S%Q teg}%%ypi Ié‘gﬁ%{? cércgtgsslégo%hgggl?:dt fa\?slu{n?plgﬁgli’%ﬁ%)s@frtr}gt al
i mpuri ti e80 suthmaisonNaf he@sy nadetully waight oorppamds velfichuhly lweusegriugging afs
efficiently ag possible. .4 5 Hydrolysis of .triglycerides produces

21 50 di gl yver PEETRRESHI PO THoe SaRr R ol |y hydr ol yzed
products. Diglycerides and nonogl yceri des are surface-active

conmpounds, whjch _can form enul si ons and nmake |iquid/liquid,
separati ons of MR ciRpMPOsiting sizeAng spiRfptipn geges el e ity 3o mag yary

al so contai n gf RfakradlyyinGedadeck bi@iffeehf &Hn. At nY@tihd P Stk ofl bK Bt is
phosphol i pids (for exanple lecithin), which 10 have phosphorus in
35 mainly a consequence of saturation degree. Fats are more saturated than liquid




25 tenperature with a lower limt of 350C was concl uded as a

requi renent for trouble-free operation. A two-step process is

di scl osed Wo P7/030248, for produci ng m ddl e distill at eBCT/FB#n6/050301
veget abl e oil by hydrogenating fatty acids or triglycerides of
vegetabl e oil 30 origin using conmercialysul phur renoval catalysts,
such as Ni M and CoMd, to give n-paraffins, followed by isonerising
said n-paraffins using netal containing nolecular sieves or zeolites

to obtain hranched-chai.n paraffins. The hydrotreating wa r.ri.ed, out
at rather i giis G55 07 P rARE ard s Pufiomohe shER R L PR dh{h sBees
Hydr ogenat i ng Dableybons BiSa Ritty tabidSchaiii ad drexipre (dafatém dinds ¥ 8ide Qeactions,
shortened 35 catalyst life resulting from cqgking and formation of,

c I . K1 Ng
si de product s suchsas ofigorperigiiorspolymerdzatipn ecyclisatioparumatisionaind ergcking
| east two stepgchbhe Jhidh%ea&%t@@itélﬂs@%@ﬁé%w_ﬂ%Bﬁ’éu'rr%oﬁ LEP réfide
t he second one being a hydroisonerisSation step utilizing
count er - cur r enties¢liydedd.pri nci pl e, and using biol ogical raw materi al
cont ai ni ng fatty acids and/or fatty acid esters as the feedstock. The
process coprpri ses an optional stripping step. 10 Deoxygenati on of
pl ant oi | s/ f atPdantbils/fats a1l anfrad] Dileifdt mayywdn@peypidslty &30%rofdreafmtyndcidsf

hydrogen and at .the sane.tinpe rel eas i.gni ficant unt .of heat .,
ot CPe e it e e AP TR DR R oSN e g
hydr ogenat i on seddks fabckptin h@prisitRplgher FelecRits baid EdnCiilby fotinkd Aoand
anounts of reaction heat. The 15 variation of reaction heat produced

i s mainly dep®Hdbeationaf bigwils and Bt csppeipibyduring cavstic prash hg alkalicatlygemht
of doubl e {hon -t'Iéﬁ&ﬁ]' I | .e: f %%%b& a5t o
nor e thanlg dg %Iﬁ isﬁgﬁ'é’ﬁ t eqltsgSr%Ee% % baféé&gﬁleyegﬁ :ytimg ,6%%3%6%
descri bes a ptydedy 1fDwt Mhyahddo maioad fig 10725weelét Biiob dattyiacsls ere comsisive in

fatty 20 acid der.l i.yes _un re . i r to
some extent | sl e HE e At BFRF Herhf oF iR of (HASGIRATET ptit
support. A hi gbmé eidpeéationse Fede f3i0P6acids thactotery efficichtly avithl @iial epogieias
renoval or high selectiyity of n-paraffins. The prodyct . m xture
formed, contaPFRdycE T5alg mg,late@s,,%gﬁg@nqtg@@reggﬁu@ Mdends. 25
Format i onopf water during hydrotreatrnent results fromthe
deoxygenation_of triglyceride ox¥gen by the neans of hydrogen
(hydr odeoxygeHaty a¢ills mpgalspgeiemoreothe fameationyafrheaeb k9mpdmds.obhe boiling
conditions is g }

V\rzilalge gﬁfg@zquggé r@[%o%ﬁy GPR e Yrofh HE %glgg %@ib&%ﬁ fifd'and may

reaction path ation reaction
Deoxygenat i on shydrteh dhe kifeandiisbrabrisaticant datedyst. Yuedtedbe frox fattytaculn c@@amad iror

decar bonyl ati gn reactio f.or carbop 0xi des and, .CO) and

al i phat . hycPcabaht dAG: ¥ TrRBLR &R BHkh Trolrsaler B8 RmAie e
ori gi nal Batt yigaificghtlyoineretted colpared o trixdyietidio bioraads, veich have only low
decar boxyl ati on and/ %r Ic;jqecarbon%;ﬂg{e)ti on reactions. 6 5 The
feasibility ofmQeREH BE%IAMRFER (WP es greatly with the type of
carboxylic acid or derivative thereof used as the starting material.
Al pha- hydr oxy, al pha-carbony|l and di carboxylic acids are activated
forms and thuBialegical sfaw mntesialia ofteR coBWIny dratlt eamnoyndre cAIEXLC SHERSONS .
Saturated ali [ Cr@C 1 L V.gf: i

are difficult legﬁ déeaélg @%t et Eé}hogcg%héde‘gfgr@%-a%%g?:?%)ﬁgéf}%ogﬁWO% kel
Decar boxyB@at i poismfs inevitbloly yéducingahel servioe hifedrfabacdidps abg newmsditating ngre

carboxylic aci.ds with heterogeneous, cat S S . est by .Mni er,
N R o 2 e b R e e kRl SRR iRty Bl
tested N /Al 288 canlstRitfatdidcahande/tt ctivity dhacalebiviyl @ftthe Batsllysts Bicenal
carboxylic acids. During the 15 reaction the vapors of the reactant

were ' passed FHIBORIRtasRR SIAY Feactiongg bElbeeivag ohratpyHyasHyy sirs Risaihe
represent ed ta&réﬁwﬂﬁg qaned, Mq AR dReRrBANMiAl seR f Ndecd esldedie

conpound hept anol ¢ aci Wién nitrogen was used I nstead of Rydrogen
35  compounds should be removed as efficiently as possible.



7 5 nol ecul ar wei ght conpounds forned during hydrotreating is
decreased and the stability of the catalyst is increased. A still
further obpec200WH03108e i nvention i s an inproved process POI/FREE/050301
manuf act ure of di esel range hydrocarbons frombio oils and fats,
wherein the hydrotreatnment of 10 trigly 4Frl de feedstock containing
free fatty acids is carried out using dilution of fresh feed and
reduced reaction tenperature. A still further object of the

i nvention is i mpr.oved. process e nuf.act ur.e of

hydr ocar bors. PEBILSErEeaies piSbes b AR RE 4ip Sinelied o iice
qual ity di eselarspasIRERYdralyiddl pro@itcty/ iTHkIgceridba T mBhddlydetidéscat Widsceof
the process according to the invention are provided in the clainms. 20

Definitions H@F%VWRS’HP% whightgn |f%mhﬁ8‘élﬁl§f1%6‘éﬁ @ékf‘cla‘i“é‘l’/llﬂlﬁlé separations
processi ng of .graanbhtd BRLRIE aifﬁaﬂt fid ol BAR TR bad RESESH AR oﬁié%ﬁrg&ﬂ}e 25
Here hydrotreatnent is understood as a catalytic process, whrch
renoves oxygenike rsorfaceragting cmpwyfgearill@oplmmwas(fwammple lecithin), which

(hydr odeoxyge Tl as
G byar ogenSacars Bbspes gt Blee) EREREARR fre Wb mERHRE e
from organi ¢ rat bedamifhbd fpocatalgsta Nanmab nilsa a(ld\llﬂﬁs aIso contam other types of
(hydr odeni trogenati on, and hal ogens, hl ori ne 30

£ om or gan o CAPBITEGE: EABHAKS: B0l B ORTCDr HE ARG [dBgre metals and
(hydr odechl or iohgihico BulphtPCdompdudiéd @&l well tasokﬁgarﬁmuwgehuwﬁ@uﬁas These
sul phi ded Ni M or sulphlded CDNb cat al ysts. 5 Here deoxygenation
i s under st ood CPBPeHIEH canchedipamitd for gatalys orpm%hegamb&emﬁdp@mp@@g such
as fatty ggid derivatives, alcohols, ketones, aldehydes or ethers by
any nmeans previously described. Her e hydrodeoxygenation (HDO) of
triglycerides P@tentstUSa# 99%16@5yaralcU8 5967 adeseeibe procdsGest far the produttion ef
understood to r

means of nol eg ﬁ@gg%ﬁgggg Wersf‘%eﬁ% Pﬂée)ﬁ%(ggo %%gp@?‘[% ?%Xﬁe&%er

decar boxyl at i mpdlapldbasmg ecxmiﬁmmwlﬂi CeMo afid NiNg katalgsts.dEke priocass bperrates
fatty acid derjvatives or fatt 3@% S u derstood to ean rﬁrmxl
e

of carboxyl ofyJupl JETPEAHEY (O oH}OBIS o §rregHIns  an

(decar bongpat h?dﬁ)céﬂ)&ﬂ% The \_mdda@uﬁastahﬁlgvhrﬁewe Rafhbef baDp&sE WoRl propertles
hydr ogen. Decarboxyl ati on and decar bonyl ati on reactions either

t oget her or al®pltingpeint SFEL),aphiclyligifs H@@ﬁﬁoﬂiﬂ? elrpdush that can beillended in
hydr ocr acki ng &51?,}, 20
hydr ocar bon nﬁ?@r I a s[ Eitgl&(ri:guan%][necu og‘eﬁ%glt?hilh%ﬂdlg{ng%gggg@e'
Her e hydr ogendhe dnrmmatimn sofs h@martqnmoumls mthbm r’oodhlgbmintd@bdybe34:366dwadoy

neans of nol eg | ar dro nder. 1 he ence of cat
e nopara 1 o edntRORRD AR Bl rabed Sei B o e oC B R/ posfgen
contai n spsle tﬁmpemure Heikte a i Ie@palimits 0m550?€a1ﬁra.~abdﬁ&hﬂsd ha\d feguiddiRend rfor

nore Cl - Cl .- C2 alkyl side chains, typically nono-,
di-, hi- or t@yﬁﬂﬁg‘i"ﬁﬂ’%{ﬁ?&nes . 30 The feed (total feed) to the
hydrotreating unit is here understood to conprise fresh feed and at

| east one dilution agent. 9 5 Surmar\lé of the invention .
A two-step process is disclosed in FI 100248, for producing middle distillates

from vegetable oil by hydrogenating fatty acids or triglycerides of vegetable oil
30 origin using commercial sulphur removal catalysts, such as NiMo and CoMo, to

give n-paraffins, followed by isomerising said n-paraffins using metal containing

molecular sieves or zeolites to obtain branched-chain paraffins. The hydrotreating

was carried out at rather high reaction temperatures of 330-450°C, preferably

390°C. Hydrogenating fatty acids at those high temperatures leads to shortened
35 catalyst life resulting from coking and formation of side products.



The present invention relates to an inproved process for the

manuf acture of hydrocarbons fromrenewabl e sources, such as pl ant
oi | s/fats wokzoamioawl oil s/fats, conprising a hydrotreat PCFROGHSEN
an isonerisation step. Particularly the 10 invention relates to the
transformation of the starting material sgconprising triglycerides,
fatty acids and derivatives of fatty acids or conbinations of
thereof, into n-paraffins with reduced formati on of high nol ecul ar

wei ght hydroc [ ilution of fresh feed and reduced reaction
emper at ur 8 3 1R haot,3 i dirbes B0 eSscion AN SrIgSF DORGers e S 4, ine
n-paraffins int B&cﬁé&éﬁ?}%ﬁﬁﬁﬂﬂ%@' AACINE Gectinll N6 Dethg dIBydiGisomerisation step
isonmerisation, wth high diesel yield. The hydrotreating step is _
carried out cowligng| epuntersumrend gflew nprincple,g ap¢ disingr biodpgigey By mesdesial
one diluting <\ ﬁgaa- %hge : I u

hydr otreattneir?ftg E@%ﬁ% t?l ns&#’%‘gﬁé&te e oét}{l%i%g% iy)srsghgu%tg gslrtos(:ki gcl)le r?cseg%l
wi t h an i sonerbsatisesanoati@la)sitippinglstep.i soneri sati on conditions. The
hydrocarbqﬂ oil formed via this process is a high quality diesel 20
conponent .""Det ai | ed description of the invention It was surprisingly
found that di IDeokgfenabonsdfeiint Hietsiand ithahfath with RpdrogentusSh Bipge dnfounb
conbi nati on mﬁtgwgscreas d reactiop te eraLuL% reduces %?g undesi.red
si de react i on®T perogemhARA, akthe same thRe slvases sighifigant gmount.of heaf-yHegidh a
starting mat epiucéd R Bédil%é‘nﬁﬁ& r&tionsediddfomSdowBRAbon BBy dlbgeditidnd
agent can be a hydrocarbon of biological origin and/or non-biological
ori gin. The dltfferenifeedstasks praducg significantly differang appwisief repgtiombeste The

5 301, pret or MRy §F gBtepol el bR DRERYY REEh ORI hAR

enbodi nent of hy#regémtiemt Thenaverge aimduht ofdoubde besmdsngen tirigliyeqpide smolecule
illustrated in Figure 1 in a treat nenf process. .
cont 1 gur at + on vy Gombatl £ e Y eeSRhTRH e BABEF Do pilac

series, hydrotreated product 35 recycle introduction on the top of

the first catalyst bed and_fresh feed, quench |iquid and hydrogen
i ntroduction SR 2E7-8E Gatitcrapmey forjudwcrerking of uesgiabls qilfor thgitdatty

i nproved egnt Lgh defivdives GRIBE prefird 18 FRRMR I Erbbi 480 Sethabysit abRdshaNd
hence di m ni shes undesired side reactions. In Figure 1 the

hydr ot r eat meneatelysicoptains@oneteldisnessed on supnertaAyhigh tsawpsratge gf3F0>Q did
Fresh feed 11_is,.j . t d
10%and 20, 1070 ehil GRONGEBRen SRS, e ATty O bR e bloa e o°

cat al yst beds niftusnfdmél, comapeictlsoseing infeéheediate ity heddospowas 12 i s
first mxed with the hydrotreated product recycle stream 41 and
quench liquid stream 43 and the resulting mxture 31, diluted in the
fresh feedscomeamitiontdfoRatet Suiihe hyirotrefthesettsal frb® Hatddoypdenitemh 40.
In order to obtain a required sul phur concentration in_the feed.
stream 31, re§iglycssda 5oayasAntdYofthe umsaRs AhkBYdipesns Gudredeoxyesngiion).
fresh feed st DR geddtion! dnddr’ G5 MolRoxyBendtion t Ybilitibhs PE$ SRS it O4gfant he
catal yst bed 10 with the hydrogen stream 22, fatty acids and fatty
aci d deri vat i eesomphnied byf pedésatboryiatian eeastiarp rathavay oandeat datartbonylatéon

correspondin t] - S : j |

rom the bot tEHca pRwk oM Bensioh 1 87 360408y SeallrbRthatil
feed streain 13and/opdenarbordlationgetdctions foaaseafdoncoxides IEOH et COE andsdliphatio
23. The forned yapor-liquid m xture .33, diluted in the fresh_feed.
concent at on o BGE bk, Whb S GROHEODAF (8t Thob S0RER PN ik
tenperat ure duRidefleC PRbArBGeRfibRCinet hbledd@oRER bn SHPEICHechibatilgtiand
fresh feed, passed through the catal yst bed 20 and finally w t’hdrawn
fromthe catafép8om®ed as a product stream 34. The stream 34 is

separated in to a vapor 25 stream 35 and liquid stream 36 in the high
tenperature separator 101. Vapor stream 35 is rich in hydrogen and is



11 5 introduced on the catal yst bed 10 and then be passed through the
catal yst beds 10 and 20. In the enbodi nent where the catal yst beds
are i n sepwoer/(93®W4sur e vessel s, the catal yst beds mayPGHERENGHSI3M
parall el node with separate dilution streans, hydrogen streans and
quench liquid streans. The nunber of catglyst beds nay be one or two
or nore than two. 10 The sul phur make up to the hydrotreatnent step
may be introduced with the fresh feed stream 11. Alternatively,

requi red arnmou L.phur be .fed Withthe.g%r en strea 22
ind 23 s gasdbadeasTiiR o CeSiRRiOS Serrs e TGy Ln 0 P e
Hydrogen is f ed db@vaiive tHeysdr abddan tthd @artif@ adakrial. md@aqwﬁmgj alphecarbonyl
t heoretical hydrogen consunption. During the hydrotreating ste

: \ p, .
triglyceride @nflsdicabexwic acidss atgnactivatedy Brmy capidy Hwp cthey e merpoasily
theoretical |y Rty QecBiRREdoht. ‘it A ihafE aBHRR hothdeRQNl 3k de
reactions. Adgig’?’i{%nal I y,); prcop.ane ios formed 1%% tﬁe gl ycg_rol 20 part
of the triglyoceayiaddgsnerallyere difiiculio deekygena@abrough decarrtsastions.c oxygen,
H2S from qbgani ¢ sul phur conpounds and NH3 from organi c nitrogen
conpounds. "Usi ng the above descri bed procedures in the hydrotreating
step, the temecaboxydativhesiechrbaxylic asids ito Nsdiooarbbm by Upntacingcdaramglic i n
the beginning of each catal yst bed, the tenperature jpncregse jn the
catal yst beds 2Fds | Wi} (hslFrogeneqns yratelyss yugs; § Fif‘%@’c ; %gd l:Jpr“dd%ct

i nter nedi at es (h@miseRe BeALkle 1981, 1 2); a0oBLIpS vdidd & 4ISteO¥d QIRKD, and
considerably. The tenperature at the end of the catal yst bed is
control | ed by Pd&OheatalysE fordecarbaxylatinn of several earbexylic gridshPugng db¢ on

agent useds Thecfbd el Ao a8nte FBYARGARLUATRGAIPOBuAYAL bo0 | epl]

bi ol ogi cal origin or i ol ogical origin.
product from whh hydoges HexBErespresantad thomamrproducbefi the detathozylalior3¢f the

feed) is be less . than 20 w:9%. |f.t roduct recygl.e i e

br oduct r ecycReheatRo P oianpie eid WaoB GRS waf BeGifiyead o 35 peen e,
preferably 12de&aboxyltibeivas sisselvgdlr ot r eat ment step, the product is
subjected to an isonerization step. 12 5 Feedstock The bio oil
and/or fat used as the fresh feed in the process of the present

i nventionzgri @hldad8S 4/559997 8BEVRE b roveds 6Lmhe nibfctBfe Jfnarding ot
from plants and/or aninmals and/or fish _ and conpounds derived from
them The basp#uted fetty peifls onestery uggesting g satalytic system consisfimgextatitkal or
animal oil/fa f t f | §.Q i i LSy a
triester of g y(%:lzd?ol%gsb\n%tﬁﬁ ]?ﬁ?leg&ﬁ%?égciﬁg %%%lﬁ%%ﬂggggil%’ tqﬁlehéd
struct ure pregemiagoim. Withethéndatatwsisnspchas RiiCa ldw catdifAor activiy 4nd cracking

Structure of {rigl ride In for al.Rl and .R3 are al.kyl
chains. Fatty OaE?qfﬂlé%ﬁowg'ﬁocﬁﬁ’oﬂ%t%?tlgpn?lrolng?@g%?’feaé’ghegr]ganzﬂ”%s%assgﬁe& y
fatty aci ds ofvesveier®ed.bon nunber. Therefore R, R2, and 123
typically are C5 - C23 al kyl groups, mainly Cl11-Cl19 al kyl groups and
20 nost typically C15 or C17 al kyl groups. R, 12.2, and 123 may
contai n car bogysak BPihedRiddienoonds. These al kyl chains can be
saturated, unsafturated or polyunsaturated. Suitable bio oils are

pl ant and vegetable oils and fats, animal fats, fish oils, and 25

m xt ur es t her dofobjeshofitheiingentian is/amimhptevesintoenss fatthe magufacturst afrdiesel

Exanpl ' ' . . -
and veget b1 or e dydrtRbthl Foby Ble”oiE 5 A NiACGR bl sl
canol a oil, t sfithowtiside rea¢tibsained rwithi High dieyebe@id. oi | , henpseed oil, olive

oil, linseed oil, mustard oil, palmoil, peanut oil, castor oil,
coconut oil, as well as fats contained in plants bred by means of
gene 30 mani pyl Akh&objaR iofe BaGREn fiehs ipieledBrobdt or themaAWhchukabn
oil, and fats containeéd in mlk, as well ‘as recycled fats of the food

i ndustry and fesal ypege kydreqagbonpdinm bio oils and fats, wherein the extent of high



13 5 Bio oil and fat suitable as fresh feed nay conprise Cl2 - C24
fatty acids, derivatives thereof such as anhydrides or esters of
fatty aci dwoex901@BtT0%9as triglycerides of fatty acids or RORBRAOEGHS
of thereof. Fatty acids or fatty acid derivatives, such as esters may
be produced via hydrolysis of bio oils by their fractionalization
or transesterification reactions of triglycerides. 10 In order to
avoi d catal yst deactivation and undesired side reactions the feed

shal | conply Wi he f.allow n ui rement e _anoun Kk I'ne
and al kal | R T e SO L g kR R

al kal i ne eart RtaBRitAbSthe & h9s ineRdseds bel ow 10, preferably bel ow 5
and nost preferably below 1 wppm The anount 15 of other netals,
calculated as elenental netals, in the feed is bel ow 10, pleferably
bel ow 5 and et mpﬁ%@faglﬁaf o?ﬁ]o%e]mé‘ﬁ RRAH im mpRGve@PPoats £ m?aﬁmﬁﬁﬁﬂé

cal cul ated as el enent al osphorus | w30, pref erab(é bel ow 15
and nost pref @f disse;} ramgle dydScagbgns fionpbio foils mhiatsc whersint the hydseltkstroerit of

such as cr de ant or .ani na not SUI Ie as.

ot oceosi ndbed eIdg Feelhof Rotfrint Hes o8 A0t B HAE SR bE R
preferably puﬁkﬁhﬂﬁduﬁdﬂﬁu&ﬂu&ﬁﬁhymﬁ@mmnﬂenDre conventlona
purification procedures before introducing it to the hydrotreating
step of the process. Exanples of some conventional procedures are
provi ded bel oy stAPflHBEUGHEE: BE thefintehast isQinl ifiptdvied padtdsstot TR ImMBufsutat S
nmeans the renoval of phoSphorus conpounds, such as phospholi pi ds

Sol vent ext r a®f digse} sapge ytlwcybons fcﬁmbw Qilsrand iffs,svhjeh proe@ﬁmrcaﬁwﬂﬂ&h of
guns, typijgal |l are- nostly phosphati des
(phosphollgld d9%§w§%;re @géggﬁﬁhgﬂkﬁﬂ%g stage i s needed 30 for
crude plant oils and animal fats in order to reane phospholipids and
nmetal s present,in crude.oils fats,

e present | n QAECEEHR TRt Mo Bk ar Rig SRR b i PRV BR Sl
amount of irorhd daimapabl e of catal ysing oxidation of the oil or fat.
14 5 Degumm ng is performed by washing the feed at 90-105 C, 300-500
kPa(a), wth 1T3PO4, NaCH and soft water and separating the forned
guns. A mapor pRfRitsas Of netal conponents, which are harnful for the
hydrotreat ment catal yst, are also renoved fromthe feedstock during
the degununing stage. The noisture content of the degumred oil is

reduced in dr = 105 Tots : L.yl
optionally de%ﬁrﬁ‘;@]@?o%gé?%%esgﬁ P%Qgﬁgﬁ%%alyg%c%ékﬁislﬁgggf&%? ﬂ%& le%ﬁ
bl eached. In a}hmebxhssca:‘aiJﬂles:gllarhgdldggumTed or refined feedstock is
heated and m xed with natural or acid-activated bl eaching cl ay.

Bl eachi ng renpbves various inpurity traces |eft from ot her

pretreat nefit HeRPgydréticatnldnt tagideiitond as aeatalydis pedvesy, amlichl temoves oxygen
carotenoi ds, phosphoi pids, netals, K soaps a&ﬁ@@ﬁ?datlon pr.oduct s

Bl eaching is 0P QrgRmiy oK COMNIPR SLﬁ%d’é"rte ‘t"é{g?ﬁaHPrfn%Obcﬁé}@Bll e
oxi dation. Geggpal lo¥gdnhe 3ERhuof cB}nﬁéﬁﬂib NQad S dilydrSEHC e sdiPRdE Ol @S

pi gnents in order to produce an oil of acceptabl’e color and to reduce
t he oxi dat i on(hydradlesnghusisation HDR), opragendrom arganie mitiigps eqompeunds as

structures. of Oﬁﬁﬂg d he
doubl e bonds ﬁ%?ﬁg{red }@ﬁhg@%%g&%hgﬁg er ?ﬂ?@“ﬁﬁ%ﬁpﬁfbﬁgﬁﬂ JP%%F
catal yst, 3@ri fiomt o drgmiof dioridedr edmpoundgenas i ohgdrochlaricderactdo HHEDeNt
doubl e bond p at i an saturated triglycerides, .2 !
process accor @?)yf’rg"%f’%}ﬁ lP?rai‘R{jBo‘ﬁpﬂcgl?Ypmef @ﬁ%ﬂ‘ﬂ@%&ﬁ%ﬂ&‘ﬂ%&ﬁ@‘%ﬂe n

t he fresh feegh]ﬂqaécpcmomagsﬁhan 5 %of free fatty acids and even
nore than 10 % of free fatty acids. Thus also naturally occurring
fats and oils containing significant anmounts of free fatty acids can

be processed without the renoval of free fatty 30acids. In the
follow ng the process according to the invention conprising a




The feed conprises fresh feed and at | east one dilution agent and the
ratio of the dilution agent/fresh feed is 5 - 30:1, preferably
10-30: 1, nosx20pv@Bepably 12-25:1. The dilution agent i SPCGEFRGAININY om
hydr ocar bons and recycl ed product of the process i.e. product recycle
or mxtures thereof. In the hydrotreati step, the pressure range
may be varied between 20 and 150 bar, preferably between 50 and 100
bar, and the tenperature between 200 and 400 C, preferably between
250 and 35Q C._and st preferabl e en 280 and 340C. 20.I1t was,
Found t hat St hd e dERRissRtPh o ulisloRe B e et of RO 8BoiSeHatTion
t hrough decar hndlemtds] 108 a§ﬂ:&g letd RepvERives] aRbKd1E keldyiel, QldeRAles BOBRMEby

t he hydroteatnent catal yst y usi ng sul phur content of 50 - 20000

W ppm preferéﬁYFWEWUH@GGGb’@ﬁﬁ@Wﬁ-nDst preferably 2000-5000 w ppm of
sul phur in the total feed, 25 calculated as el enental sul phur. The
specific sul phur content in the feed is able to double the extent of
n- par af fi ns f dlemeblydsgdecsygsuationd HDCof tidglygeiridescordwleex Yafresid denivatfives or
triglycerides decarh-reactions can theagretically | ower th
conaunpt1 Ol of ks R B A ABISY ol i as Wir by e
deoxygenat i on nigandwyfinelg@ilar hyrofén treies the diftueadegefithtalyst. | nor gani c

sul phur conpound nmay optionally be fed al ong with hydrogen or with
the feed to achi eve the desired sul phur content. The inorganic

sul phur conpognge asartRRyhAtn SAFEPIRarbdsaitn & ©BRObRes v ol FatBf adidie
sul phur conmpound nmay be an easily deconposabl e organi c sul phur
compound 35 sdenvaies piafty\acids iis understend tocmeanoiemevd affdathoxginekyeer 9§
thiol or m r i Qgpﬂg I);

corrpoundsasl tﬁgﬁ @?@%bogg%géléloerjatg (gi?,lg(%%l‘ efi n@%ﬁré’,@l@q’g?” lﬁocﬁ]ﬂ%hghgﬂtiureggerrs
cont ai ni ng deobmea@idrehwingehuDecabprylatids . andndechdbonylation reactions either
hydr ot r eat ment / hydr odeoxygenat i st kno hydr ogenati on catal ysts
cont ai ni ng rre#%ﬁeﬁ"ef?roﬁ?@ag%ﬁ? eﬁﬁoﬁ%‘g‘?’%ﬁbqﬁ %8Y "t he Peri odic System
may be 10 used. Preferably, the hydrogenation catal ysts are supported
Pd, Pt, N, N or .a Co catal yst, the support being alum pa and/or
silica, as deﬂ\,é?‘? pdraccking s fs todersiqog) asy sgBlygic %WP%FW‘} WBERD03
and CoMb/ A) 203y aratAbotShteBdISuiSERolebMakydRdgeh At lﬁgﬁ'gfegdurésh_e i ncrease
of tenperature resulting fromthe aforenentioned 15 reactions over
catal yst beds and side reaction formation, an inproved reactor
configurationqy i L Q%ﬁg s

conpri ses one}¥#%%#ﬁi?éggggfyg?ggg@éﬁwﬁmgégﬁgs, ?ﬁ%@?%n agéﬁ?&%hgaf

i ntroducti on owldchlar hydogeh vntier the indlnercatoéib gatlysted and fresh feed,
recycle liquid and hydrogen introduction on top of each catal yst

beds. If the dilution agent is product recycle, the product 20

recycl e/ f pgshetd npaaffinsimseabrmofind- 3kkinks oplisdaeaikahes thet-@0ack cafdingidd
preferably 12- 25:1. The catal yst beds can be |ocated in sane
pressure vess&aify each bed in a separate pressure vessel. Hydrogen
is fed in excess to the theoretical chem cal hydrogen consunption and
the feedstock is converted totally or alnost totally wthin each

cat al yst bed. Hegsi isgparsféne mean ekavasduvingsanefag morg£iit+ &b | yypissHy dit-dee 25
product inter | &b e i the.te ed for
reaction init?%?%%%aégﬂégﬁﬁé@gﬁﬁgﬁ)fﬂét%éggﬁﬁﬁﬁgﬁﬁ?ﬂgggh cat al yst

bed, the Bdse of reaction heating is controlled in the catal yst beds
and the cat al ¢ fdet {total feet)morihyeyiratteatinglenieds hyre urddeispdé axyomapie fresh of
triglycerides faci itates cgntrolled deconposition of the 30
triglyceride f5AaRdftdeashonediiion ggsthcontrol I ed cracki ng. Doubl e bonds
are al so hydrogenated during the controlled hydrotreatnent Light

hydr ocar bons and gases forned, mainly propane, water, CO2, CO H2S
and NH3 are renoved fromthe hydrotreated product. 17 5 It was
surprisingdy observed in exanpl es that product recycle dilution can




10 reaction tenperatures used over catalyst bed during

hydr odeoxygenati on. Hi gher tenperatures and especially hot spots of
cat al yst bwe 20070098108 ket oni sati on reacti ons. Due to thi BCT/RRE05301
it is possible to use various sources of bio oils and fats w t hout
the need to renove fatty acids. After t hydr ot reat ment step, the
product is subjected to an isonerization step. 15 |Isonerisation of
n-paraffins fornmed during hydrotreatnent In the second step of the
process, i.e. jn the isongrization step, isonerization is carried out
whi ch causés BPEHBRREYAS tBe MYERAMY or ocar bon chain and results in 20

i nproved performance of the product oil at |ow tenperatures. The

| soner i sati on e QHEGRS iReRTH A to/ aﬁ'ﬁﬁaﬁbb‘via@ pRdtefieor theGnaRrRhud Yf Of

i somerisation _conditions and choice of catalyst controls the anount
of methyl br ahyfresarbersrfeam sengwablespuregss sugh @& plapbeilséats land anizrel giisffats,

br oduct ot ai ERPRR I RRRlrehg ST M0l o R0 QU Reralitiy, e

i somer i satllon imentot irdates vibt the afmarisfometions af ithe stating ysdterialan comprising

process accor di. tq t i nventi.gn,. the feed into the.isanerisatio

Peactor (o o wlesrde iy iRy BPyaie o Ry s wshmpRrpor oGt

can be predi ctidl nfg@a¥ihd &/ithatduted Gorehatlos bf hipltrhelecddr weighiviydedarbdhe

oils. During the h){dr_otreati ng step of the 30 process,. triglyceride
t

oi I's and ot hemsipgdiiytionefdrest fedand yedicedtrastion tympraiyes ig the Bydrefepting
theoretical l'y seOn¥aTchRfbiifh HeRiatdd fdarafttidifib UGk Yinps BRABK A dkanes
formed fromthe glycerol part of triglycerides, water and COx from
car boxyl i 85 oxypejag isometigagiony with dighadicss] yigldoHibe hyduepreatingssteprid crimRd foubm
organic nitro : ti.al ek t

t hese gas phaggﬂ?&rr%gﬁ ?A{J :Pegg cﬁ#@“?@%ﬁ\%@?ﬁ%@ alnﬁét Leg‘f’:toér#% I dé@éﬁ% gges%t R‘tﬁ a
possi bl e bef ohgdibtieatingsir catalyktonsdear leydedrebtaehe donditibnst HHEhenStheeobtziaéd on

catal yst. The isonerization step, may conptise an ional strippj.n
ot ep, " wher ef nPIRECh &6 GRBITSE oiEt & rSTPEBLNY dPEIIRL AT HER SLPERRHE
be purified byomdifidn@PTROhWrbdartidd MBfdmed FROMIs 26ceds Hld hiphl RalRSdiesdrh
as light hydrocarbon, nitrogen or hydrogen. The optional stripping
step is caPri &9MRANEMY-n counter-current nanner in a unit upstream of
the isonerization catal yst, wherein the gas and |iquid are contacted
wi th each other, or before the actual isonerization reactor in a
separ at e stri Petailgd description|of thelgvertioncount er - current principle. 15
In the isonerisation step, the pressure varies in the range of 20-150

bar, preferab i n_the. range =100 r .apd.th e rature vaties
ot wean 200 af g irESingRLBEeS el Aol e s s5TRE gt

i somer i sak§ onc&hkipations i deadaba reaaticd yahperdneWwdides tthe awlbsirdyside
used. Suitable isonerisation catal ysi s .contaih a . nol ecul ar sieve

and/ or a met afeagHAns @A dmPTOXFS TERBAT Syiectiviny PRFCUIREY MR @ StEEn® MR

a carrier. Prelpianbfreet fifly 2888 heal TR dhain apsht &aNbeRh R§drebdRbdnldf OF
SAPO-41 or ZSM22 or ZSM23 or ferrierite an ,. Pd or NI and_Al 203
or Si02. Typi biglogioghweginzand/annaabialogicek orgia, The dilatione agampican also be

Pt / SAPO- 11/ Al 0 .

Pt 1 SAP0- 11/ 51 527K BIAERY it e iocfs (roMlirdy e Blting apent  fosh
hydr ogen 80 r éddeaiaiks-3al, ptefetblgdad 0801 vantlinpost préferabiioh®e2%:$ed product,
which is a m xture of branched hydrocarbons and

A preferable embodiment of the invention and of the hydrotreatment step is
illustrated in Figure 1, wherein a hydrotreatment process configuration is
provided, comprising one or more catalyst beds in series, hydrotreated product
35 recycle introduction on the top of the first catalyst bed and fresh feed, quench
liquid and hydrogen introduction on top of each catalyst beds. This results in



30 preferably branched paraffins boiling in the range of 180 - 350C,
t he di esel fuel range, and having one carbon atom | ess than the
origi nal fwWOapEWBWIchain, is obtained. Additionally soPEI/BR&GI053E
and gas may be obtained. 19 5 Advantages of the invention The
invention provides a method for reducinggthe formation of higher

nol ecul ar wei ght conpounds during the hydrotreatnment of a feed
obtained fromplant oils and animal fats and which may cont ai n free

fatty acids. 10 1t S S Si n found that the robI rior
art pr ocesges IWB’S?VB%I% %‘;io‘g%{hﬁr g"t%fletﬁg’?erg it itey %) é‘% E"g}“’? he
i mproved procesaindfeNindeatdisfietrbRtibiyent i on, conprising a

hydr otreat ment step and an i sonerisation step wherein product recycle
or another dilution agent in the hydrotreatnment step in 15

conbi nati on wig blg[ufed &B%é’rh:!eﬁ’ﬂe&?drﬂe’i%%yﬁ fises Fwd' l:étal &b'e@ﬁf

i nprovenents, y when the d cont ai n nor e n
W% of free f msy fegsi blsm intrasipessi &l smegas:ﬂbanctbhbn ther catalysh bedsoﬂqﬂngtﬂo

dllutlon fresh fe d.introduced 'nto I t he
met hod. Tﬁé ext gn(f S|dc]féy09 Yot ons |s g%éasg%'e cﬁtélytsﬂgedsjﬁg nfjl 3

of catal yst duespagivhlydThd freshifeddostiesmaQ is fist mbddvithuhe hgirbﬂﬂ@.ted product
hydr ot r eat nent step. he seen th the rati of
oyl east 51 (<3t oiear Ak g SRR freith P & B4 dB PRLnEORHAGE

hi gh nol ecul agined Gihthemﬁﬂlifé‘eﬁsoonc\!%&ﬂndﬁ% %@@ﬂﬁio@ﬁd@d%ﬁh@bﬂ&ly&%eﬂﬂm%
of free fatty acids (calcul ated fromfresh oil ) is 25 used. Using at

| east 5:1 rec%p@er@tqbéalaﬁ@ecmfa@é@nhm@a@qepaaﬂ@eaﬁ@rfa@dﬁt@mileéewa@d y
aci ds canibe g g:%%% 1£‘§dd%8‘%9t}{?%es ?e%ﬁ'ﬁaﬁﬁ?f‘wa%ﬁfmh"1§hz\s
ons a or d

quality hydr ocar bt i suita i esel tuel pool
wi th high yi edxtuighi passmrthnoogh the catalystbadatlewlith thetliydrdgeh boeenma2, vﬁﬂtsh

exanpl es presentin ref er abl nt s the i n ti
oever . 11 800, PRLRRS s odiyRinilo e AR e P4 st BT R
the inventi oncmsespatdu@watndmpxbeudts M testphaze tsheme 3examaﬂha&wnﬁx(aﬁphees
35 Al hydrot eat nent tes{s were perforned jn the ‘ll)resence

hydr ogen. fom ohesatalysirtotl and; i§ mixsdwith thefps f"z?ﬁl“?%d%‘i‘@é“%
free fattyg ach&h stedr QUtanar 6l U N?&roéﬁlcytfelaﬁl I3 dmetibAmdd g%op-ilqﬁlallﬁlxﬁﬁ‘é

(100 %free fafty acids) with Mo catal yst was carri out at 50

bars pressure33; djin %ﬁashr%atm@ﬁnttaélﬁaew sheypriaoducethp 45-kdst bed

W t hout rodu 12
ber iter or 29 b FUEC IR0 B & bodiiBl et O AREIE qubdchiiichid
acid feed cauamtifrc@urfmﬂ,@wedﬂmmghdhe cnltalwtb@da(aam:l Tnwdly vathdrdvor fremition
of hea wei ght, .c nds and .aronat i rved. Bronine indexes
et caend s TR R el YRR AL T e SRR e Th S s PR o
was used ¢Fi gs&&nﬁﬁss aRd At stﬁaain 861k ahd”lﬁiﬁhliém aeme Zepa&atc% BOI0NRipbE S
and about 7 %heav:nﬁg (>375C boi,l i ty (50C) of product

oi | was high ¥iyeam: inthydsogea and & ‘S‘Pﬁ‘ieég? f%@f&@@mﬁnﬁ Paptah thediqyidy; |
hydrotreated prodes 1soi'e|turf1<.7(ﬁ’90 8 Zed @D 44SieBeid %&‘ﬁfn ﬂ@aﬁﬁlblﬁ)% further

tenperature and optim zed reaction conditions.
Conpar at i ve esliifsféo dilution stream 41 and total quench liquid stream 42. The quench liquid

stream 42 is cooled in the heat exchanger 102 to provide adequate cooling effect
30 on the top of the catalyst beds 10 and 20. Hydrotreated product stream 51 is
directed from the hydrofreatment step to further processing.

The catalyst beds 10 and 20 may be located in the same pressure vessel or in
separate pressure vessels. In the embodiment where the catalyst beds are in the

35 same pressure vessels the hydrogen streams 22 and 23 may altematively be



Tall oil fatty acid feed (100% FFA) at high reaction tenperatures

Wi t hout product recycle Hydrotreating of tall oil fatty acid feed
(100% FFA) wax 20pii/a9h70peact i on tenperatures 25 370- 385C WaBCTERHISHIH3IOUL
wi t hout product recycle. Rapid deactivation of N M catal yst and
formation of heavy wei ght conpounds andqromatics was observed.
Density of hydrotreated oil (table 1) was significantly higher than
I n rapeseed oil runs (typically 761-762 kg/ nB). Both oils contained

mai nly C18_f at.t cids (-90- -9, .an at.her steady formatio f
et or v Gbedittited i i oris! tedl 1079 b chas tttan 6 S Rched i
about 7-8 w - %nd ey iR rthéRhiedinthnt WhetttheCOAMA Hd8s aRdind sdpatite Yressure
aromatics were forned. These side reactions are caused by

concentrat ed fvassely. gei @tqu.éséd:eéﬁglaydwefﬁffghl P @ral(lﬁ_llifé@fiet Eﬁbmﬁpémﬁon
Deactivati on Qfefal q%}ﬁ%%eﬂ Str&infRddY %Lﬁe‘ﬁ«’?ﬁ‘ Ti ﬁ]‘g@&e&ﬁﬁ.eﬁ%‘ ﬁ\ﬂnl%%gﬁ %E%)ést

i ndexes. During thé sati'sfactory operatio rom ne 1 ndex

bel ow 50. Tablbedsimajebencnsswelenwiote than twisr oni ne i ndexes, 35 reaction
tenperaturlgs and water formed during test runs for 2 to 14 days using
tall oil fatty acid feed (100% FFA) w thout recycling. WO

2007/ 003709 PQTe hipRitahikeQipGd theydootratnend stefrnag be tritrodficddesith the fregind

-?-g?lmg? gt S?g, 6?@%@%& 3%2%m]é%1%e y,dr%%ui%e tert]mc()ju% oi'" %ﬁlghlgra%aylﬂé r1ledd %Xth the
hydrogen streams 22 and 23 as gaseous sulphur compound such as hydrogen
sulphide.

15
Hydrogen is fed to the hydrotreating reactor in excess of the theoretical hydrogen
consumption. During the hydrotreating step, triglyceride oils, fatty acids and
derivatives thereof are almost theoretically converted to n-paraffins without or
almost without side reactions. Additionally, propane is formed from the glycerol
20  part of the triglycerides, water and CO and/or CO; from carboxylic oxygen, H.S
from organic sulphur compounds and NH; from organic nitrogen compounds.
Using the above described procedures in the hydrotreating step, the temperature
needed for reactions to start up is achieved in the beginning of each catalyst bed,
the temperature increase in the catalyst beds is limited, harmful and partially
25 converted product intermediates can be avoided and the catalyst life is extended
considerably. The temperature at the end of the catalyst bed is controlled by net
heat of reactions and to the extent of the dilution agent used. The dilution agent
may be any hydrocarbon available, of biclogical origin or non-biological origin. It
can also be recycled product from the process. Fresh feed content from feed (total
30 feed) is be less than 20 wt-%. If the product recyele is used, product recycle/fresh
feed ratio is 5-30:1, preferably 10-30:1, most preferably 12-25:1. After the

hydrotreatment step, the product is subjected to an isomerization step.
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779.8 780.5 781.2 Brom ne index 101 150 188 198 247 269 300 330
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12

Feedstock

The bio oil and/or fat used as the fresh feed in the process of the present invention
originates from renewable sources, such as fats and oils from plants and/or
animals and/or fish and compounds derived from them. The basic structural unit
of a typical plant or vegetable or animal oil/fat useful as the feedstock is a
triglyceride, which is a triester of glycerol with three fatty acid molecules, having

the structure presented in the following formula I:

0
0
‘ R
: Q 2
i hom u\\-"’/ Ba
i
O

Formula 1. Structure of triglyceride

In formula I R;, R; and R3 are alkyl chains. Fatty acids found in natural
triglycerides are almost solely fatty acids of even carbon number. Therefore R,,
R;, and R; typically are Cs — Cy3 alkyl groups, mainly C;;-Cye alkyl groups and
most typically Cis or Cy7 alkyl groups. Ri, Rz, and R3 may contain carbon-carbon
double bonds. These alkyl chains can be
polyunsaturated.

saturated, unsaturated or

Suitable bio oils are plant and vegetable oils and fats, animal fats, fish oils, and
mixtures thereof containing fatty acids and/or fatty acid esters. Examples of
suitable materials are wood-based and other plant-based and vegetable-based fats
and oils such as rapeseed oil, colza oil, canola oil, tall oil, sunflower oil, soybean
oil, hempseed oil, olive oil, linseed oil, mustard oil, palm oil, peanut oil, castor oil,
coconut oil, as well as fats contained in plants bred by means of gene
manipulation, animal-based fats such as lard, tallow, train oil, and fats contained

in milk, as well as recycled fats of the food industry and mixtures of the above,

50C, kg/nB 771.8 773.1 773.7 776.5 779.1



9.81 10.3 10.2 10.0 10.1 10.2 Exanple 3. (Conparative exanple)

Effect of metal inpurities of bio oils on the catal yst performance 10
Tube react w0 299dgT0Peat nent test runs were carried out BGI/RIGSHSN3e
rapeseed oil, crude aninmal fat and purified rapeseed oil. Analysis of
t hese feeds are shown in Table 2. Crude Peeds cont ai ned significant
anount of netals, organic phosphorus, sulphur and nitrogen conpounds.
Purified feeds contained only trace levels of these inpurities 15

RN T I e A o AR R
Metal s (tot aI )deﬁ%iw@é tﬂi&&ﬁnsﬁhe% Akydridas ol estdRC of fattf Odcils ACivekll as
Number , Phosphorous Sul phur (original)
triglycerides of fatty acids or combinations of thereof. Fatty acids or fatty acid
derivatives, such as esters may be produced via hydrolysis of bio oils or by their
fractionalization or transesterification reactions of triglycerides.
10
In order to avoid catalyst deactivation and undesired side reactions the feed shall
comply with the following requirements: The amount of alkaline and alkaline
earth metals, calculated as elemental alkaline and alkaline earth metals, in the feed
is below 10, preferably below 5 and most preferably below 1 w-ppm. The amount
15  of other metals, calculated as elemental metals, in the feed is below 10, preferably
below 5 and most preferably below 1 w-ppm. The amount of phosphorus,
calculated as elemental phosphorus is below 30, preferably below 15 and most

preferably below 5 w-ppm.

20 In many cases the feedstock, such as crude plant oil or animal fat, is not suitable
as such in processing because of high impurity content and thus the feedstock is
preferably purified using suitably one or more conventional purification
procedures before introducing it to the hydrotreating step of the process.
Examples of some conventional procedures are provided below:

25
Degumming of plant oils/fats and animal oils/fats means the removal of
phosphorus compounds, such as phospholipids. Solvent extracted vegetable oils
often contain significant amounts of gums, typically 0.5-3% by weight, which are
mostly phosphatides (phospholipids) and therefore a degumming stage is needed

30 for crude plant oils and animal fats in order to remove phospholipids and metals
present in crude oils and fats. Iron and also other metals may be present in the
form of metal-phosphatide complexes. Even a trace amount of iron is capable of

catalysing oxidation of the oil or fat.
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product oil was found. H gh anbunt of netals were also detected on to
the catalyst. Tenperature profile of thggcatalyst bed showed that top
of the catal yst bed was deactivated and reaction 10 section noved
forward (Figure 4), when reactor heating was mai ntai ned steady.
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305C and reaction 30 pressure at 50 bars. H2/(fresh oil)-ratio was
35



10 presents analysis results of the feed and products. Table 3.

Anal ysis results of the feed and products Property Method Units Feed
anal yses R&O2007/08B99f eed AR (10% SA) AR (10% SA) + RECPQI/BI26ascHdhion
anal yses AR+ 10 wt-AR+ 10 wt- % stearl e% SA + aci dRecycl e

wi thoutafter recyclel96 hours AR+10 wil 1¥5A+ Recycle after 552 hours
Density, 15C calc. 04052 kg / m 920.4 788.1 915.8

5  Hydrotreating of bio oils and fats

In the first step of the process, i.e. in the hydrotreating step, fatty acids,
triglycerides and other fatty acid derivatives comprised in the feed are
deoxygenated, denitrogenated and desulphurisated.

10
The feed comprises fresh feed and at least one dilution agent and the ratio of the
dilution agent/fresh feed is 5 — 30:1, preferably 10-30:1, most preferably 12-25:1.
The dilution agent is selected from hydrocarbons and recycled product of the
process i.e. product recycle or mixtures thereof.

15
In the hydrotreating step, the pressure range may be varied between 20 and 150
bar, preferably between 50 and 100 bar, and the temperature between 200 and 400
°C, preferably between 250 and 350 °C and most preferably between 280 and
340°C.

20
It was found that the selectivity of decarb-reactions and the deoxygenation
through decarb-reactions can be promoted during hydrotreating over the
hydroteatment catalyst, by using sulphur content of 50 — 20000 w-ppm, preferably
1000-8000 w-ppm, most preferably 2000-5000 w-ppm of sulphur in the total feed,

25  calculated as elemental sulphur. The specific sulphur content in the feed is able to
double the extent of n-paraffins formed by removal of COx. Complete
deoxygenation of triglycerides by decarb-reactions can theoretically lower the
consumption of hydrogen about 60% (max) compared with pure deoxygenation
by hydrogen.

30
At least one organic or inorganic sulphur compound may optionally be fed along
with hydrogen or with the feed to achieve the desired sulphur content. The
inorganic sulphur compound can be for example H,S or elemental sulphur or the
sulphur compound may be an easily decomposable organic sulphur compound

35  such as dimethyl disulphide, carbon disulfide and butyl thiol or a mixture of easily
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decomposable organic sulphur compounds. It is also possible to use refinery gas

or liquid streams containing decomposable sulphur compounds.

In the hydrotreatment/hydrodeoxygenation step, known hydrogenation catalysts
containing metals from Group VIII and/or VIB of the Periodic System may be
used. Preferably, the hydrogenation catalysts are supported Pd, Pt, Ni, NiMo or a
CoMo catalyst, the support being alumina and/or silica, as described for instance
in FI 100248. Typically, NiMo/ALO; and CoMo/ALQ; catalysts are used.

In order to control the increase of temperature resulting from the aforementioned
reactions over catalyst beds and side reaction formation, an improved reactor
configuration is presented in Figure 1. The hydrotreatment section comprises one
or more catalyst beds in series, dilution agent introduction on the top of the first
catalyst bed and fresh feed, recycle liquid and hydrogen introduction on top of
each catalyst beds. If the dilution agent is product recycle, the product
recycle/fresh oil-ratio is from 5-30:1, preferably 10-30:1 and most preferably 12-
25:1. The catalyst beds can be located in same pressure vessel or each bed in a
separate pressure vessel. Hydrogen is fed in excess to the theoretical chemical
hydrogen consumption and the feedstock is converted totaliy or almost totally
within each catalyst bed. Using these procedures, harmful, partially converted
product intermediates are avoided, the temperature needed for reaction initiation is
achieved in the beginning of each catalyst bed, the rise of reaction heating is

controlled in the catalyst beds and the catalyst life is improved considerably.

Hydrodeoxygenation of triglycerides facilitates controlled decomposition of the
triglyceride molecule contrary to uncontrolled cracking, Double bonds are also
hydrogenated during the controlled hydrotreatment. Light hydrocarbons and gases
formed, mainly propane, water, CO;, CO, H3S and NH; are removed from the

hydrotreated product,
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5 It was surprisingly observed in examples that product recycle dilution can prevent
or remarkably decrease the reactions between free fatty acids and the formation of
high molecular weight compounds during hydrotreating, when at least 5:1
(product recycle):(fresh oil)-ratio was used. The effect of product recycle is based
on two phenomena: dilution effect of recycle and more controllable and reduced
10  reaction temperatures used over catalyst bed during hydrodeoxygenation. Higher
temperatures and especially hot spots of catalyst bed promote ketonisation
reactions. Due to this invention, it is possible to use various sources of bio oils
and fats without the need to remove fatty acids. After the hydrotreatment step, the
product is subjected to an isomerization step.
15

Isomerisation of n-paraffins formed during hydrotreatment

In the second step of the process, i.c. in the isomerization step, isomerization is
carried out which causes branching of the hydrocarbon chain and results in
20  improved performance of the product oil at low temperatures. The isomerisation
produces predominantly methyl branches. The severity of isomerisation
conditions and choice of catalyst controls the amount of methyl branches formed
and their distance from each other and therefore cold properties of bio diesel
fraction produced. The product obtained from the hydrotreatment step is

25  isomerised under isomerisation conditions with an isomerisation catalyst.

In the process according to the invention, the feed into the isomerisation reactor is
a mixture of pure n-paraffins and the composition of it can be predicted from the
fatty acid distribution of individual bio ocils. During the hydrotreating step of the
30  process, triglyceride oils and other fatty acid derivatives and fatty acids are almost
theoretically converted to n-paraffins. Additionally propane is formed from the
glycerol part of triglycerides, water and COx from carboxylic oxygen, H,S from
organic sulphur compounds and NH; from organic nitrogen compounds. It is

substantial for the process that these gas phase impurities are removed as
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completely as possible before the hydrocarbons are contacted with the

isomerization catalyst.

The isomerization step may comprise an optional stripping step, wherein the
reaction product from the hydrotreatment step may be purified by stripping with
water vapour or a suitable gas such as light hydrocarbon, nitrogen or hydrogen.
The optional stripping step is carried out in counter-current manner in a unit
upstream of the isomerization catalyst, wherein the gas and liquid are contacted
with each other, or before the actual isomerization reactor in a separate stripping

unit utilizing the counter-current principle.

In the isomerisation step, the pressure varies in the range of 20-150 bar, preferably
in the range of 30-100 bar and the temperature varies between 200 and 500 °C,
preferably between 280 and 400 °C.

In the isomerisation step, isomerisation catalysts known in the art may be used.
Suitable isomerisation catalysts contain a molecular sieve and/or a metal selected
from Group VII of the Periodic Table and/or a camier. Preferably, the
isomerisation catalyst contains SAPO-11 or SAPO-41 or ZSM-22 or ZSM-23 or
ferrierite and Pt, Pd or Ni and ALQO; or Si0,, Typical isomerization catalysts are,
for example, Pt/SAPO-11/AL0s, PH/ZSM-22/A1,0;, PYV/ZSM-23/AL0; and
Pt/SAPO-11/8i0;. Most of these catalysts require the presence of hydrogen to

reduce the catalyst deactivation.

An isomerised product, which is a mixture of branched hydrocarbons and
preferably branched paraffins boiling in the range of 180 — 350°C, the diesel fuel
range, and having one carbon atom less than the original fatty acid chain, is

obtained. Additionally some gasoline and gas may be obtained.

99.6 83.0 94.3 99.6 99.6 Fatty acids GPC area-% 0.7
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5  Advantages of the invention

The invention provides a method for reducing the formation of higher molecular
weight compounds during the hydrotreatment of a feed obtained from plant oils
and animal fats and which may contain free fatty acids.

10
It was surprisingly found that the problems of prior art processes may be avoided
or at least significantly reduced by the improved process according to the
invention, comprising a hydrotreatment step and an isomerisation step wherein
product recycle or another dilution agent in the hydrotreatment step in

15 combination with reduced operation temperature result in important
improvements, particularly when the fresh feed contains more than 5 wt% of free
fatty acids. A special reactor configuration and high dilution of fresh feed
introduced into hydrotreatment are used in the method. The extent of side
reactions is decreased and the stability of catalyst during hydrotreating is

20  increased during the hydrotreatment step.

In the examples it was be seen that the ratio of at least 5:1 (recycle:fresh)
significantly decreased the formation of high molecular weight products, when
the feedstock contains 10 wt-% of free fatty acids (calculated from fresh oil ) is
25  used. Using at least 5:1 recycle ratio and reduced reaction temperature, free fatty
acids can be processed without the need for deacidification. High quality
hydrocarbons are obtained, suitable for the diesel fuel pool with high yield.

The invention is illustrated in the following with examples presenting some
30  preferable embodiments of the invention. However, it is evident to a man skilled
in the art that the scope of the invention is not meant to be limited to these

examples.

Examples
35  All hydrotreatment tesis were performed in the presence of hydrogen.
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Tall oil fatty acid feed (100% FFA) at high reaction temperatures without
product recycle
Hydrotreating of tall oil fatty acid feed (100% FFA) at high reaction temperatures

25  370-385°C was carried out without product recycle. Rapid deactivation of NiMo
catalyst and formation of heavy weight compounds and aromatics was observed.
Density of hydrotreated oil (table 1) was significantly higher than in rapeseed oil
runs (typically 761-762 kg/m3). Both oils contained mainly C18 fatty acids (~90-
wt-%) and rather steady formation of water was observed during run. During the

30  tall oil hydrotreating about 7-8 wt-% heavier molecular weight compounds and
8.1 wt-% aromatics were formed. These side reactions are caused by concentrated
fatty acid feed and too high reaction temperatures. Deactivation of catalyst is
clearly seen from increasing bromine indexes. During the satisfactory operation
bromine index should be below 50. Table 1 describes densities, bromine indexes,

35 reaction temperatures and water formed during test runs for 2 to 14 days using tall

oil fatty acid feed (100% FFA) without recycling.
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water, %
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10.2

Example 3. (Comparative example)

Effect of metal impurities of bio oils on the catalyst performance

Tube reactor hydrotreatment test runs were carried out using crude rapeseed oil,

crude animal fat and purified rapeseed oil. Analysis of these feeds are shown in

Table 2. Crude feeds contained significant amount of metals, organic phosphorus,

sulphur and nitrogen compounds. Purified feeds contained only trace levels of

these impurities

Table 2. Impurity levels of crude and purified plant oils and animal fats

Impurity

Crude
Rapeseed
oil

" Purified

Rapeseed
oil

90

~0

162

| Orgnitrogen 14

08

_Total Acid Number

1.0

| Phosphoraus

| Sulphur (original)

: Crude
Animal fat
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5  Test runs using crude, unpurified oils/fats showed that catalyst needed higher
temperatures to work properly, but gradually lost its activity (Figure 5).
Triglycerides and increased bromine number of product oil was found. High
amount of metals were also detected on to the catalyst. Temperature profile of the
catalyst bed showed that top of the catalyst bed was deactivated and reaction

10 section moved forward (Figure 4), when reactor heating was maintained steady.
Metals adsorbed on to the catalyst also promote side reactions like decarb-

reactions.

First hydrotreatment test run was carried out using crude rapeseed oil. Purified
15 rapeseed oil was used as a reference feed. Purified rapeseed oil achieved complete
HDO conversion at 305°C using WHSV=2. Crude rapeseed oil gave total HDO
conversion not until reaction terperature 330°C was used with space velocity
WHSV=I1. It was however seen from temperature profiles over the catalyst bed
that first part of catalyst was deactivated very quickly. In Figure 4, reaction
20  temperature profile over catalyst bed and performance of crude rapeseed oil are

presented.

Second hydrotreatment test run was carried out using purified rapeseed oil and
crude animal fat. Purified rapeseed oil was used as a reference feed. Purified
25  rapeseed oil with product recycle achieved complete HDO conversion at 305°C
using WHSV=]1. Crude animal fat with product recycle did not give complete
HDO conversion at 305°C using WHSV=1, It was seen from GPC analyses that
product oil contained triglycerides and catalyst also significantly deactivated
during crude animal fat feed. Pumping problems was also observed during crude

30  animal fat feeding. Performance of crude animal fat is presented in Figure 5.

Example 4. (Comparative example)
Effect of free fatty acids (10 wt-% in fresh fced) on the formation of high
molecular weight hydrocarbons

35
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5 Hydrotreatment was carried out using purified rapeseed oil as reference feed
without product recycle. A test run was carried out at 305°C and 50 bars pressure
using WHSV= 1 and Hx/oil-ratio=1000. Sulphur content of feed was 570 ppm,
During a second hydrotreatment test period stearic acid was fed (10 wt-% from
rapeseed oil) along with purified rapeseed oil using same reaction conditions

10  without product recycle. It was right away observed that the extent of high
molecular weight compounds increased gradually from initial level ~3 wt-% to ~8
wt-%. These higher molecular weight compounds (molecular weight double or
more of the feed) are not in the boiling range of diesel fuel and thus decrease
diesel yield and potentially shorten the catalyst life. Thus free fatty acids in bio

15 oils make their processing more difficult. In Figure 2 the increase of formation of
high molecular weight hydrocarbons is observed, when 10 wt-% free fatty acids

was fed along with purified rapeseed oil triglycerides without product recycle.

Example 5.
20  Effect of product recycle on preventing formation of unwanted heavy side

reaction compounds when the feed contained 10 wi-% free fatty acids

A hydrotreatment test Tun was carried out using 10 wt-% stearic acid containing
purified rapeseed oil as reference feed without product recycle under following
25  reaction conditions: WHSV= 1, 50 bars, 305°C, H2/oil-ratio=1000 and sulphur
content of feed =570 ppm. During the second hydrotreatment test run period same
feed was diluted with product hydrocarbons so that (fresh oil )/ (product recycle) -
ratio was 1:5. WHSV of fresh oil was maintained at 1, therefore WHSV of total
oil feed increased to 6. The reaction temperature was kept at 305°C and reaction
30  pressure at 50 bars. Hy/(fresh oil)-ratio was maintained at 1000, HDO product (n-
paraffins) simulated product recycle, which was mixed in advance with fresh oil.

The initial content of heavy hydrocarbons in the recycle was ~0,4 wt-%.

It was unexpectedly observed that the formation of heavy hydrocarbons was

35 almost totally prevented or at least very significantly decreased when product



O O Triglyccridecs GPC area-%92.1 0 0 0 O TAN D664 ng KOH' g 2.1 -0 -0
-0 -0 Sul phur D5453 ppm3 1.2 2.0 2.7 2
WO 2007/003709 PCT/FI2006/050301
24
5 recycle was used (Figure 3). This is most probably caused by significantly

diminished side reactions of free fatty acids wherein a carboxylic acid molecule
can react with another carboxylic acid molecule to form a higher molecular
weight compounds. In Figure 3 the effect of product recycle on preventing the

formation of unwanted higher molecular weight by-product is presented. Table 3

10 presents analysis results of the feed and products.
Table 3. Analysis results of the feed and products
Feed analyses Product analyses
AR | AR+10wt- AR+10wt AR+10wi
0% % stcaric % SA + % SA +
AR SA)+ acid Recycle Recycle
Recyel (10% REC without after after
Property Mcthod Units AR ¢ feed SA) 1:5 recycle 196 hours 552 hours
Dersity, 15°C
cale. D 4052 kg / 9204 7881 9158 8072 790.8 788.3 788.3
Density, 50°C D 4053 kg / m? 897.6 7614 8932 7812 764.2 7617 761.7
Br-index D 2710 mg/100 g 53.7 215 26
Br number D 1159 2100 g 56 49,1 63
Iodinenumber D 5554 g/100 g 112 103 18
HC GPC arca-% 99.6 83.0 94.3 99.6 99.6
Fatty acids GPC area-% 0.7 0 10.6 18 0 0 0
Heavy BC GPC arca-% 0 0.4 0.5 5.7 0.4 04
Diglycerides GPC area-% 2.3 0 2.4 0 0 0
| Triglycerides GPC arca-% 97 0 87 14.7 0 0 0
SA = Stearic acid, AR = purified rapeseed oil, REC = product recycle, HC =
15  hydrocarbons, heavy HC = high molecular weight hydrocarbons
Example 6. (Comparative example)
The cffect of lower reaction temperature on the selectivity of n-paraffins and
oil yield
20

Studies were carried out with NiMo catalyst using rapeseed oil as feed and
reaction temperatures 280-330°C and 340-360°C, WHSV=1 and reactor pressure



Ni trogen D4629 ng/kg 6 <I <1 1.2 <1 Sodium oil AAS ng/kg 3 0.4 <0.1

<0.1 <0.1 Calcium oil AAS ng/kg 2 0.3 <0.1 <0.1 <0.1 Magnesium oi l
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of 50 bars. Alkali raffinated rapeseed oil triglycerides contained mainly C;z fatty
acids. Cy3 fatty acids contributed about 89 wt-% of all fatty acids in rapeseed oil.
Theoretical amount of n-paraffins formed from rapeseed oil fed is about 86.4 wt-

% (calculated from rapeseed oil fed).

Complete HDO conversion with almost theoretical n-paraffin yield was
accomplished, when well controlied reaction temperatures <330°C were used.
Almost theoretical n-paraffin yields tell us from complete HDO conversion and
very controllable operation without significant side reactions. High amount of side
reactions (cyclisation, aromatisation and cracking) and low n-paraffin yield were
observed when unnecessary high reaction temperatures 340-360°C was used. In

Figure 6 the conversion of rapeseed oil triglycerides to n-paraffins is presented.

Example 7.
Stability of catalyst

The stability of NiMo-catalyst using palm oil model feed (impurities added) along
with product recycle (catalyst life test) was carried out using following reaction
conditions: Reaction temperature = 300-305°C, Reactor pressure = 40 bars,
WHSYV (fresh) = 0,5, WHSV (total) = 3, Hy/Qil (fresh) = 900, Sulphur in feed =
100 w-ppm. Palm oil was used as a main component of feed, but it was modified
with animal fat, fractions of free fatty acids, crude rapeseed oil, and lecithin in
order to get suitable specification of impurities of test feed. Fresh feed analysis is
presented below in table 4. Fresh oil was then diluted in advance with 1:5 ratio of
HDO product (simulates product recycle). The duration of test run was over 9
months, Stabile operation was maintained (table 4 and Figure 7) and the formation

of heavies was steady over the whole test run Figure 7.



inr/ku 0.3 <0.1 <0.1 <0.1 <0.1 Mol ybdenum oil AAS ng/kg - <0.5 <0.5

<0.5 <0.5 Aluminum oil 1CP netals nmg/kg <2 <2 <2 <2 <2 Iron, oil ICP
met al s ny/ WE 2207/003709 PCT/FI2006/050301
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5  Table 4. Stability of catalyst
Fresh Feed
analysis Product oil analysis

1898 3408 5601
Run duration 383 hours hours hours hours
Analysis Method Unit
Density, 15°C D 4052 kg /m? 804.9 787.4 785.6 785.3 784.9
Density, 50°C D 4052 kg / m? 778.8 760.7 758.9 758.6 758.1
Br-index D 2710 mp/100 g 29200 33 48 13 11
HC GPC arca-% 0 99.3 99.4 99.3 99.4
Fatty acids GpC arca-% 1.2 0 0 0 0
Monoglyc/high
molec. weight HC GPC area-% 0.3 0.7 0.6 0.7 0.6
Diglycerides GPC arca-% 6.3 0 0 0 0
Triglycerides GPC arca-% 92.1 0 0 0 0
TAN D664 mg KOH/g 2.1 ~0 ~0 ~0 ~0
Sulphur D 5453 ppm 3 1.2 2.0 27 2
Nitrogen D4629 mg'kg 6 <1 <1 1.2 <]
Sodium, oil AAS mgkg 3 04 <0.1 <0.1 <0.1
Calcinm, oil AAS mg/kg 2 0.3 <0.1 <0.1 <0.1
Magnesiam, oil AAS mg'kg 0.3 <0.1 <01 <0.1 <@.1
Molybdenum, oil AAS mg/kg - <0.5 <0.5 <0.5 <0.5
Aluminum, oil ICP metals mg/kg <2 <2 <2 <2 <2
Iron, oil ICP metals mgkg <I <1 <1 <1 <]
Nickel, oil ICP metals mg/kg <1 <1 <1 <1 <1
Phosphorus, oil ICP metals mykg 4 <1 <1 <1 <1




<1 <1 <1 <1 Nickel, oil ICP nmetals ng/kg <1 <1 <1 <1 <I Phosphorus,
oil ICP netals ng/kg 4 <1 <I <1 <1 27 CLAIM5 |I. Process for the
manuf acture of diesel range hydrocarbons wherein a feed is
hydrotreated in a hydrotreating step and i sonerised in an
i sonerisation step, characterized in that a feed conprising fresh
feed containing nore than 5 wt% of free fatty acids and at | east one
hydr otreat ed product recycle liquid is hydrotreated at a reaction
t enper at ur eCHAIMBE0- 340C, in a hydrotreating reactor in the presence
of catalyst, and the ratio of the hydrotreated product recycle
| i qui d/ f r esh Hreesds fos ths mangficture ofidikse!mangk hpdrhcdriamd wihsredfa bi ol ogi cal
origin, sel fed sdyfirotmated mrthydidtsitingtsgep antisomeridedtisdmi | s, fi sh
isomerisation step, characterized in that a feed comprising fresh feed
containing more than 5 wt% of free fatty acids and at least one
hydrotreated product recycle liquid is hydrotreated at a reaction temperature of
280-340°C, in a hydrotreating reactor in the presence of catalyst, and the
ratio of the hydrotreated product recycle liquid/fresh feed is 5 - 30:1, and the fresh feed is
of biological origin, selected from plant oils/fats, animal fats/oils, fish
fats/oils, fats contained in plants bred by means of gene manipulation,
recycled fats of the food industry and mixtures thereof.

2. A process according to claim 1, characterised in that the feed
contains more than 10 wt% of free fatty acids.

3. A process according to any one of claims 1 - 2, characterised in that
the hydrotreated product recycle liquid is selected from hydrocarbons and recycled
products of the process or mixtures thereof.

4. A process according to any one of claims 1 - 3, characterised in that
the feed contains less thanl Ow-ppm alkaline and alkaline earth

metals, calculated as elemental alkaline and alkaline earth metals, less
than 10w-ppm cther metals, calculated as elemental metals, and less
than 30w-ppm phosphorus, calculated as elemental phosphorus.

5. A process according to any one of claims 1 - 4, characterised in that
the hydrotreated product recycle liquid fresh feed ratio is 10-30:1 preferably 12-25:1.

6. A process according to any one of claims 1 - 5, characterised in that
the feed contains 50-20000 w-ppm of sulphur, calculated as elemental

sulphur.

7. A process according to any one of claims | - 6, characterized in that
the fresh feed is selected from rapeseed oil, colza oil, canola oil, tall
oil, sunflower oil, soybean oil, hempseed oil, olive oil, linseed cil,
mustard oil, palm oil, peanut oil, castor oil, coconut ¢il, lard, tallow,
train oil or fats contained in milk.

8. A process according to any one of claims 1 - 7, characterized in that
a mixture of feed of biclogical origin and a
hydrocarbon/hydrocarbons is used as the fresh feed.

9. Process according to any one of claims 1 - 8, characterized in that



fats/oils, fats contained in plants bred by nmeans of gene

mani pul ati on, recycled fats of the food industry and m xtures
thereof. 2. A process according to claiml, characterised in that the
feed contains nore than 10 wt% of free fatty acids. 3. A process
according to any one of clains 1 - 2, cjgaracterised in that the
hydrotreated product recycle liquid is selected from hydrocarbons and
recycl ed products of the process or m xtures thereof. 4. A process
accor di ng t thedmdroepsingatelystibed system Gymmises cneoempandtalyst t hat t he f eed
cont ai ns | ebxist hanl Ow ppm al kal i ne and al kal i ne earth netal s,

cal cul ated as elenental alkaline and al kaline earth netals, |ess than
10w ppm ot h&l. Pmetsslasgordial Gudratond ohdaielselreht elaravpdrdded in thiad | ess t han
30w ppm phomphoiydsgtrestingadpairedu@yanésdmenrtralge phids pfobans. 5. A process
accordi ng teekmplyaneheobngd «fi30€l00 bar. 4, characterised in that the
hydrotreated product recycle liquid fresh feed ratio is 10-30:1
preferably 12PRbesk.accondindtong©as sf daimendidncharactamyedamthadih claims 1 -
5, char act ethé sedeilisatibhstp plessufeeadecinhaing: d3Q-120A04) w ppm of sul phur,
cal cul at ed msfepbBneMeabngWfPHOMPa, the tdnportaRSaryapdetwicAg to any one
of clai ns 1200 26d 560047, pedfeablz Gekwictn 2dadnd Ub@°d.r esh feed is sel ected
fromrapeseed oil, colza oil, canola oil, tall oil, sunflower oil,
soybean oi | 12, heogs eadrdiig to Y oM€ofldims I L N$afarRidrizedSthar d oi |, palm
oi |, peanutthoh dgrotﬁeaﬁﬁifs c@iried oGtaE EfresBhde of b Bydtogeh@idnOw, train oil or
fats cont aigaggsi, Baidhl ogcn&iorﬁcafﬁ[ﬁ@&ﬁﬁaiﬂﬁ%@ﬁﬁtaﬂﬂmh%eﬂny one of clains
1- 7, char@@tj]@vmg,ﬂjféwmth@pmoa{c@gte@, feed of biological origin
and a hydrocarbon/ hydrocarbons is used as the fresh feed: 9. Process
accordi ng 116, PaYes9RoRfinSlo@ldi 12, chaact&iRl afh&ithged in that 28 the
hydr ot r eat iHggrog@taBby SdtalPR 6 SUPpSBITATEY, NF 2EMRR 2 CoM¥pPr € catal yst
beds. 10. RL@RAS theafspRkie@ dinid¥nd?iilRh. clainms 1 -9; characterized
inthat in thé hydrotreating step pressure varies in the range of

20- 150 bar 14 ppigheas ARbMidgto B ofetanihl 1 305, 1fkabaFisedih thd OCESS

accor di ng G0 i3RkrieAen ShtalstoMBintngifole GAGRGE RhubaiGfl tlen that in the
i soneri sat jQheplfRnRIpSSUre varies in the range of 2-15 Mra,

preferably in the range of 3-10 MPa, the tenperature varying between

200 and 5095 GroRieikbaRigho RIS tnEAR R HRxGe 12 Process
accor di g iy B EaidlysioftalFS o netal frbm Ereﬁ]%ﬁt%eo&;gggg.n that the

hydrotreating 1's carri out In e presence of a ogenation

o AR e e LT

toclaim1l aracterrzed I n € “hydrogenation catalyst is a

e a&fp%n%c;%%;gg;ﬁ%%%gggggﬁéﬁ e
b

on'cata %con am
a

- 13, char (oA [ 18], % I t““cont ai ni ng
nol ecul ar §| %@g zlésortgsrrelamfaﬁn? Efgori Soher %% 's 15. Process
according to claim 14, characterized in that the isonerization
catal yst contains a nmetal fromthe Elenent Goup VIII. 16. Process

according to claim 14 or 15, characterized in that the isonerization
catal yst contains Al 203 or Si02. 17. Process according to any one of
clains 14- 16, characterized in that the isonerization catalyst
contai ns SAPO 11 or SAPO- 41 or ZSM 22 or ZSM 23 or ferrierite and Pt
or Pd or NN and Al 203 or 502.



