PROCESS FOR THE MANUFACTURE OF DI ESEL RANGE HYDRO
CARBONS Field of the invention The invention rel ates
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range hydrocarbons frombio oils and fats with reduced
hydrogen consunption. Particu,larly the invention
relates to an i nproved proces% for the manufacture of
di esel range hydrocarbons with high selectivity and
whi ch process yields a product with inproved cold flow
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fatty acid deriva tives into liquid fuels conprise
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hydr ot reat ment, hydrocracki ng, catal ytic cracking

wi t hout hydrogen and thermal cracking. Typically
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oils, are converted into the correspondi ng esters by

the transesterification reactjon wth
20 Environmental interests and an increasing demand for diesel fuel, especially in

10

Europe, encourage fuel producers to employ more intensively renewable sources
available. In the manufacture of diesel fuel based on biological raw materials the
main interest has concentrated on vegetable oils and animal fats comprising
triglycerides of fatty acids. Long, straight and mostly saturated hydrocarbon
25  chains of fatty acids correspond chemically to the hydrocarbons present in diesel
fuels. However, neat vegetable oils display inferior properties, particularly ex-
treme viscosity and poor stability and therefore their use in transportation fuels is

limited.

30 Conventional approaches for converting vegetable oils or other fatty acid deriva-
tives into liquid fuels comprise processes such as transesterification, catalytic hy-
drotreatment, hydrocracking, catalytic cracking without hydrogen and thermal
cracking. Typically triglycerides, forming the main component in vegetable oils,
are converted into the corresponding esters by the transesterification reaction with

35 an alcohol in the presence of catalysts. The obtained product is a fatty acid alkyl

ester, most commonly fatty acid methyl ester (FAME). Poor low-temperature
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chain nature of the FAME nol ecul e and thus doubl e
bonds are needed in order to create even bear able
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sufficient control of reaction temperature or unnecessary low hydrogen availabil-

25 ity in the feed stream cause increased formation of unwanted side reaction prod-
ucts and coking of catalyst. Unwanted side reactions, such as cracking, polymeri-
sation, ketonisation, cyclisation and aromatisation decrease the yield and the prop-
erties of diesel fraction. Unsaturated feeds and free fatty acids in triglyceridic bio
oils may also promote the formation of heavy molecular weight compounds.

30
Patents US 4,992,605 and US 5,705,722 describe processes for the production of
diesel fuel additives by conversion of bio oils into saturated hydrocarbons under
hydroprocessing conditions with NiMo and CoMo catalysts. The hydrotreatment
operates at high temperatures of 350-450°C and produces n-paraffins and other

35 hydrocarbons. The product has high cetane number but poor cold properties,



Patents US 4,992,605 and US 5, 705, 722 descri be
processes for the production of diesel fuel additives
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under hydroprocessing conditions with N Mo and CoM
catal ysts. The hydrotreatnent ,operates at high

t enper atures of 350-450C and Broduces n- paraffins and
ot her hydrocarbons. The product has hi gh cetane numnber
but poor cold properties,which [imt the amount of
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counter-current flow principle, and biol ogical raw
material containing fatty acids and/or fatty acid

esEpr [ [ .
B Ea s b Mo RO iy of MRIRIRSS, BTN A8 Deing
si aldydedediygendtioni ssepraad ﬁmt seooncbbneanaiag af fiydnsisomerisation step

Crackl ng in creases W th hi r ation
oMivzing sﬂuqt%qwegg\ﬂ@yveplp@g@ E,Iﬁi B@E&lfq dJavY) material containing

fatty acids and/or fatty acid esters serving as the feedstock. The process comprises

an optional stripping step.

Cracking is significant side reaction in isomerisation of n-paraffins. Cracking in-
creases with higher isomerisation conversion (more severe reaction conditions)
and decrease the yield of diesel. The severity of isomerisation conditions (isomer-
isation conversion) controls also the amount of methyl branches formed and their
distance from each other and therefore cold properties of bio diesel fraction pro-
duced.

FR 2,607,803 describes a process for hydrocracking of vegetable oils or their fatty
acid derivatives under elevated pressure to give hydrocarbons and to some extent

acid. The catalyst contains metal dispersed on a support. A high reaction tempera-



and decrease the yield of diesel. The severity of
i sonerisation conditions (isomer isation conversion)

wa@oenrna7ss al so t he anount of net hyl branches fpeTEROGNE0300

10

15

20

25

30

35

their distance fromeach other and therefore cold
properties of bio diesel fracaion pro duced. FR

2,607,803 describes a process for hydrocracki ng of
vegetable oils or their fatty acid derivatives under

el evated pressure to give hydrocarbons and to sone
extuenof é&g dC didenot sesultyintcoppiete icanversipn jand ihighe peleaiivii of n-

BRSBTS pom
of psyads.af fi ns. The product fornmed contained al so sone

internediate fatty acid com pounds. Water formation
during hydrotreatnment nmainly results from
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fatty acid derivatives by decarboxyl ati on and/ or
deractivonpdtht(reactiore Bd t andni82) dleorygemntiom ob fattjescid derivatives by

CO), and i.phat i dr.ocar bon chai ns.wi th qQne carbo

S lsrptoalalifR Ahd/fr SUGHERSTAROR (FBTS ikt ag, SR e 0s and
Th@()? ahd glphatik %'_’ydﬁ)@ﬁrbéﬁ‘ thdind ®AE bhe BarBBY afot] RECHah hﬁt_he origi-
con centrations of CO and CO (reaction E). Mthanation

r eealtfhity acid evolpgrde- ddereadiati weisr-gas-shil reantionsnayabadarice the con-
A5, 0P T LA TR VPPl QBRI e and

hy fbi 6 31,0041 RBHaneifer is(acHae Hm@rgb@dromﬁbﬁtw@naﬁbﬁmaction
A - E_are described bel ow, Decarboxyl ation: CL7H35COCH .
- >DgHydsegenation of fafty peids ghss wlinkatis iy drocarioneang watepreaction

-HZ .?%E?@on*'scﬁgné's K2Q; BlesSrbeliPafg@oH -> CL7H34 + CO +

Decarboxylation: C17H35COOH -> C17H36 + CO, (A)
Decarbonylation: C17H35COOH + H, -> C17H36 + CO + H,O (B1)
Ci7H35COOH -> Cy7H34 + CO + H,0 (B2)
Hydrogenation: C,17H35COOH + 3H, -> C3Hss + 2 H,O ©
Methanation: CO +3H; -> CH; + H,O (D)
Water-Gas-shift: CO + H,0 ->H;, + CO, (E)

The feasibility of decarboxylation varies greatly with the type of carboxylic acid
or derivative thereof used as the starting material. Alpha-hydroxy, alpha-carbonyl
and dicarboxylic acids are activated forms and they are more easily deoxygenated
by decarb-reactions, which mean here decarboxylation and/or decarbonylation.
Linear aliphatic acids are not activated this way and generally they are difficult to
deoxygenate through the decarb-reaction path and they need much more severe

reaction conditions.



Hydr ogenati on: C17H35COCH + 3H2 -> C18H38 + 2 H20 (O
Met hanation: CO + 3H2 -> CH4 + H20 (D)

wOatoenelzas- shift: CO + H2ZO -> H2 + CO2 (E) ThePCT/FI2006/050300
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feasibility of decarboxylation varies greatly with the
type of carboxylic acid or degivative thereof used as

the starting material. Al pha-hydroxy, al pha-carbonyl

and di carboxylic acids are activated forns and they

are nore easily deoxygenated by decarb-reactions,
whDeserbintionrof ersbowviixarida toohydinenrbans by contacting carboxylic

decar bonyl atjon. Linear, aliphatic aci ar e, not .
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much nore severe reaction
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c oRSIQiatalysicfor desarbaxylasion of severa gatpoxylicaaidss Duging the reac-
hy . . ; s .
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et hydrogenh dlexand ecpbesenielitthe (BB rodukl of 2he d8EHbGGlation of the
Maier et al tested Ni/A 203 and PdZSi O catal ysts for
detesied SRPPANANFPENOLAGI: 4| car boxyl i c acids. During

the reac tion the vapors of the reactant were passed
through a catal ytic bed together with hydrogen. Hexane

r ePatetd S 4,554,387 dinclosesraoptocdss &ir thémadeetutroxfilinegar dafiaf from

the t t d hept i i d., Pat t US . . ]
g Sy SORS L S Db Rk ther S pata i sl dopgistinggf nickel
| | 5RP4t 10458 bhé el QBIeSRE WoRt 81 Frats YorRRtiRE oPlea@StiRTaRd germa-

suggesting a catal ytic system consisting of nickel and
at niuer Wit wthersatalystse becht asdPd/Eo daw Isatalyitis astivity ghd crasing to

N

sabpbienicdd hydrocarbons, or formation of ketones when
Raney-Ni was used, were observed. Decarboxyl ation,
acconpani ed wi th hydrogenati on of oxo-conpound, is de

SC| 2 ur j h"R 1atibR P # B0 , Sis de-
A E%Eg? tf{)?g gaggﬁmplagbe 1;&?{ 9droEenat1’3‘H ot 6% g@ﬁlﬂl)t\ﬁﬁi, 5 de
scribed in Laurent, E., Delmon, B.: Applied Catalysis, A: General (1994), 109(1),
77-96 and 97-115, wherein hydrodeoxygenation of biomass derived pyrolysis oils
over sulphided CoMo/y-Al1203 and NiMo/y-Al203 catalysts was studied. Di-

ethyldecanedioate was used among others as a model compound and it was ob-

served that the rates of formation of the decarboxylation product, nonane and the
hydrogenation product, decane were comparable under hydrotreating conditions
(260-300 °C, 7 MPa, in hydrogen). The presence of hydrogen sulphide (H,S) in
feed promoted the decarboxylation selectivity compared with zero sulphur in feed.
Different sulphur levels studied however had no effect on the decarboxylation

selectivity of diethyldecanedioate.

Biological raw materials often contain several impurities, such as metal com-
pounds, organic nitrogen, sulphur and phosphorus compounds, which are known
catalyst inhibitors and poisons inevitably reducing the service life of catalysts and

necessitating more frequent catalyst regeneration or change. Metals in bio oils/fats
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Di et hyl decanedi oat e was used anong others as a node
conmpound and it was observed %hat the rates of

formati on of the decarboxyl ation product, nonane and
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consequence of saturatl on degree Fats are nore
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surfaceactive
These are among others waxes, sterols, tocopherols and carotenoids, some metals

and organic sulphur compounds as well as organic nitrogen compounds. These

compounds can be harmful for catalysts or pose other problems in processing.

Plant oils/fats and animal oils/fat may contain free fatty acids, which are formed
during processing of oils and fats through hydrolysis of triglycerides. Free fatty
acids are a class of problematic components in bio oils and fats, their typical con-
tent being between 0 and 30% by weight. Free fatty acids are corrosive in their
nature, they can attack the materials of the process unit or catalyst and they can
promote side reactions like formation of metal carboxylates in the presence of
metal impurities. Due to the free fatty acids contained in bio oils and fats, the

formation of heavy molecular weight compounds is significantly increased when
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gl ycerideli ke surface-active inpurities |like
phosphol i pi ds, suck as Iecith%n, whi ch have phosphorus
in their structures. Phospholipids are gumlike
mat eri al s, which can be harnful for catalysts. Natura
oils and fats al so contain non-glyceride conponents.

Thesyepaged te tiglpcasidive bio-{gadsteck bavangjonly lope aplunts|of freedfatty
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can be harnful for catalysts or pose other problens in
processing, Plant ojls/fats and animal oils/fat ma
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corpmabat |5 0% sidegendlng it S SF BB AT of neavy
nmol ecul ar wei ght conmpounds is significantly increased
whenco ed to triglyceride bio-feedstock having only
Hﬁggﬁh§lBYme@b fatty acids, typically bel ow 1% by
wei ght. Deoxygenation of plant oils/fats and ani ma
oils/fats with hydrogen requires rather nuch hydrogen
andnabjachef geriavention 15 @ahdaprevedingedess &arthe mppyutactuge of diesel

v B BE@oed o R BB R ST AF B consumprion.

Different feedstocks produce significantly different
anmounts of reaction heat. The variation in reaction

hedtfupheraeRiet af Sherinventjoryisamirentevest Prosems | far Bsrmanifestere of
OBl M e SHR SRR s gL B, BORSRIGi ang whi
5 pepessgicids @ pradoet wihiimprooéd told flomt propertias concurrently without

decreasing diesel yield during isomerisation.

A further object of the invention is an improved process for the manufacture of
high quality diesel range hydrocarbons from bio oils and fats with decreased hy-

drogen consumption and high diesel yield.

Characteristic features of the process according to the invention are provided in

the claims.
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of diesel range hydrocarbons frombio oils and fats

with high selectivity and which process yields a

product with inproved cold flow properties

coPefinitions | y wi t hout decreasing diesel yield during

i sonerisation. A further object of the invention is an

i mproved process for the manufacture of high quality
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decreased hy drogen consunption and hi gh diesel yield.
chalt mepnsrofgpelecyladiydraggnof t he process according to

the invention are provided in the clainms.Definitions

Her e hydroprocessing i s understood as catal ytic

pr Herslsjidagreatment gaonderstedeas akathlytialprodersy wehic removes oxygen

nmol ecul ar .hydrogen. Here hydrotrea nt i s understqod
as T ERNG 10KYE girgeainds 4 mtqréﬁ%@frégewgagﬁ% ﬁfﬁo_%, sulphur
Or §5M dre S1Y AAPME A ﬁ%insﬁﬁ@gen(é%%%ggy g@ﬁﬁﬁbanphuﬁ-

HDO), sul phur” from organic sul phur c

di $apidnod BS),snitrgdeindeont ldrganiq irdgadesupquinds asarhinonja (NHs) (hy-

HDS) ,. njtrogen f organj c nitrqgen conpounds as . .
oHp bR on. 1A Aa TG 0o CHBRJe HAE organic chloride
hatQessimds Sy HydaschidMcosdid gHIONP (hydk SRBhISrifftidN, IHIBCI), typically
conpounds as hydrochloric acid (HC
( hymeites thednflegnce af & swlphidesNMotoy sulphideg Colviieeatalyiss.
i nfluence of a sul phided Ni Mo or sul phi ded CoM
catal ysts. Here deoxygenation is understood to nean
I eAenatesXlygentyigf Nis furdsisesodatt enca®|remilslSof sxgdenafom organic
fatt{ acid derivatives, alcohols, ketones, aldehydes

N

or melesiles, spoh anfathragid<epivasives. Alpgholse ketonesealdehydes or ethers by

any means previously described.

Here hydrodeoxygenation (HDO) of triglycerides or other fatty acid derivatives or
fatty acids is understood to mean the removal of carboxyl oxygen as water by the

means of molecular hydrogen under the influence of a catalyst.

Here decarboxylation and/or decarbonylation of triglycerides or other fatty acid
derivatives or fatty acids is understood to mean removal of carboxyl oxygen as
CO; (decarboxylation) or as CO (decarbonylation) with or without the influence
of molecular hydrogen. Decarboxylation and/or decarbonylation reactions are

referred to as decarb-reactions.

Here hydrocracking is understood as catalytic decomposition of organic hydro-

carbon materials using molecular hydrogen at high pressures.
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i nfluence of a catal yst. Here,decarboxyl ati on and/ or
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derivatives or fatty acids is understood to mean
renoval of carboxyl oxygen as CO (decarboxyl ation) or
5 asHo® hydregenation | means nsptusption of carhoncarbonhdoubl¢ |heads &y the

of nol ecul ar r.qQgen. car boxyl ati gn and/ or
0 o Sbouli th BRER gt SRR 2 AL
decar b-reacti ons. Here hydrocracking is understood as

CaH@fe}’ﬁ-FEraﬁﬁﬁQﬁ@&ﬁﬁ&rhﬁ[‘ aRbn& Gaicar AXER& hat &P Rot contain side
mat eri al s using nol ecul ar hydrogen at high

prehgdngr es. Her e hydrogenati on neans saturation of
1Ocarbon-carbon doubl e bonds by the nmeans of nol ecul ar

hydr ogen under the influence of a catalyst. Here

n- HafedfdpafffinemBari3Gllitiaks BARN&% G'mdreBarCaltigsiods chat,

do not .contain side chains, Here isoparaffins means

al ¥knlesideghpinggtysically, mopgr, di-cri-_or gggrametiyalkanesy c1 - C

al kyl side chains, typically nono-, di-, tri- or

tetranet hyl al kanes. The feed ( total feed) to the

hythofeeéd & totanfeed)tte phel Iy dt@rdammeant giep ¢ 1ode umdefstood icomprising

fresh feed and optionally at.least one dilution agent.
15 Su’%ﬁ%‘rée‘g?n‘f%mp%é?ﬂq?%ﬁg“’f‘hé‘hﬁpés‘?gﬁ‘?t- i nvention rel ates

to an inproved process conprising a hydrotreat nment

step and an isonerisation step, for the manufacture of

di Ssmmaryefthdipdemtianr bons from renewabl e sources |i ke

bio oils and fats, such as plant oils/fats and ani nal
and fish oils/fats, particularly Cl1L -Cl6 fatty acids

anhOpresiiit inkdhtine feldtéeio @A fimpfovied Prave SSngRistg ShYdbtdatment
The invention relates to hydrotreating of the feed

20 costep prd e isomegisgticay sters Jor %atma}nuéa&uag o digselapngehydreearbons

of frf)r%t }e}{evgaﬁ;léj §01§<r:]e% e’ lgiiocolﬁsaarnldyfa%,l sﬁc%laGS plant oils/fats and animal

and fish oils/fats, particularly C;,-C; fatty acids and/or derivatives thereof in the

presence of sulphur. The invention relates to hydrotreating of the feed comprising

triglycerides, fatty acids and derivatives of fatty acids and particularly C;2-Ci¢

25  fatty acids and/or derivatives thereof or combinations of thereof, into n-paraffins

with reduced hydrogen consumption during hydrotreating, in the presence of sul-

phur, followed by converting the n-paraffins into diesel range branched alkanes

using isomerisation with high diesel yield. The hydrocarbon oil product formed

via this method is a high quality diesel component. In the hydrotreating step the

30 feed is contacted with a sulphided hydrotreatment catalyst in the presence of sul-

phur, followed by the isomerisation step with an isomerisation catalyst.

Detailed description of the invention

35 It was surprisingly found that hydrogen consumption in the hydrotreatment step,

deoxygenation of fatty acids and/or fatty acid derivatives, and cracking during



fatty acids and/or derivatives thereof or conbinations
of thereof, into n-paraffins with reduced hydrogen

wa@oengmads on during hydrotreating, in the presSPC/ER0G6/050300
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sul phur, followed by converting the n-paraffins into

di esel range branched alkanes(y3|ng I somerisation with

hi gh diesel yield. The hydrocarbon oi | product forned

via this method is a high quality diesel conmponent. In
the hydrotreating step the feed is contacted with a

s uispmedsation od moparafinsnean be signifjcantly neduged by edldingeongfor more

PR R B B AT A BALE SRS, Ao

| Ny fdralidy 1000-80G0 Sl i rBids gtefexﬁmyrlzt)ot)lwt)o Ry-gpade the feed, cal-
consungtlon in the hydrotreatnment step, deoxygenation

of cylaf 9s slemestah selpbiir, particylagly wheadyio wils ay@ §ats gomprising Cio-
crac 'a%)o? Qféﬁ(zétg«%& 'tfgﬁge&f ard WR&d & ftﬁe“ﬁeﬁlafk ﬁ%r the hy-
S|gn| ant y reduced one or nore su ur

codmmﬂmﬂ&ntﬂqjhe feed to achleve sul phur content of

50- 20000 w ppm preferably 1000-8000 w ppm nost
preferably 2000-5000 w-ppmin the feed, cal culated as

el po&RiRk sul phur, particularly when bio oils and fats
conprising Cl2- Cl6 fatty acids and/or derivatives
thereof are used as the fresh feed for the

hy@hobioedl anerdr fattepd adthe dsksh dded Th ehdyprocess bf theghresent iatention

used .as the fresh feed in th cess, of e present
i nOSDRtEH IfJTBImI @nﬁ\gglglg SPYISHS, @eﬁe&% ’rl%é? E@Eﬁ and/or ani-
f afna1s3nd/oP iR ahd 96%3&1%21% YeARY LEmIm. nﬂéba@f&ddtl‘%nﬁdl %lﬁlt ofa

and conpounds derived fromthem The basic structural
untypical plant grpiegethblp loaatingd oildatatsafol es the feedstoak isoa triglyeride,

{ eFbEh 52 gicstr o ERGHRY it e St aeld olkchlps v Bt g sffocture

hapieShtddia 1B follotvitigefobrmgRgnt ed in the fol I owi ng
formula | : Formula 1. Structure of triglyceride In

formula | RlL, R and R3 are al kyl chains. Fatty acids

f ound i n natpt+ad tltg:y\,
(}

. _.,/:’ o,
Panv B

E;?\ f, S g;}“"f‘;\;

v 0
e

Formula 1. Structure of triglyceride

In formula I R;, R, and R; are alkyl chains. Fatty acids found in natural triglyc-
erides are almost solely fatty acids of even carbon number. Therefore R;, Ry, and
R; typically are Cs — Cy3 alkyl groups, mainly C,;-C;o alkyl groups and most typi-
cally C;s or Cy7 alkyl groups. R;, Ry, and R; may contain carbon-carbon double
bonds. These alkyl chains can be saturated, unsaturated or polyunsaturated. Suit-
able bio oils are plant and vegetable oils and fats, animal fats, fish oils, and mix-
tures thereof containing fatty acids and/or fatty acid esters. Examples of said ma-

terials are wood-based and other plant-based and vegetable-based fats and oils



erides are alnost solely fatty acids of even carbon
nunber. Therefore RL, R, and R3 typically are C5 - C

W@2@kyd7o9r oups, mainly Cl1-C al kyl groups andP@DELR006/050300
typi cally C15 or C17 alkyl groups. Rl, R, and R3 may
contai n carbon-carbon doubledﬁpnds. These al kyl chains
can be saturated, unsaturated or polyunsaturated. Suit
able bio oils are plant and vegetable oils and fats,
animal fats, fish oils, and m x tures thereof

5 cosuchi asi lragea'eaql t09/1 aelzavikreanep dikital odeisanfiosyesrail, soybean oil,
Exgmr | es al,s are WO ase and . ot.her

o1 ReEEd 8l SRt o Rgutsbe Biomihd SP PR D PRl B Btor ot

I agRefedoiliak ,deIOzisZﬁtsOddntam‘eﬂl’hﬁhﬂalﬂs bredttyl te#tis| of gene mampula—
sunflower oil, soybean oil, npseed_oil, olive oi
| | Hem @BinAlibasqd fatsapeh a§ lard, ﬁadlom, &iain oif ane fats wntaln@dam 1Bk, as
oi I f NPl ants
pr 51 5 2Ry Blg of B8 10 iy Bl Sk BRI el s
10 such as lard, tallom1 train oil, and fats contalned in
S rec fa sof the fqod j ndust )
J&w@f&ﬁ o of i éﬂ@gg *r{?ﬁ@%%qkr §OmPHIES 5&1 gy acids,
S u&érﬁ)ﬁh@es""ﬁefe@? g&éhoa%k 8RB GrSSitetd of faggzlacﬁ&t dsYwat 'ag friglyc-
derivatives thereof such as anhydri des esters of
f a¢tides adifalty agdwet toralsmatnolgqucth@cmﬁj dde dattyf amd:yoafaﬂu@md de-
or .cqonbi natj ons of thereof CI ds ar f
TSRS b P atrs Y pe cproduked v higroB st il by their
15 hyda@lonakistieh opbﬁelﬂﬁdaﬁoﬁ’i'ea@ﬁoﬁsrtﬁ"tﬁg t@fdel.onal i zati on
or esterification reactions of triglycerides. In the
process accordlng to the invention the fresh feed
copt Al 9 referahly % 0
rmfsl} ﬁle pSi‘Per a f?&% Iq%a{% &ngﬁ}é%glev\fé%éhfte&gﬁ Bl%t%{i%%la%/ ?&gt 20 %,

er inféﬁerm aﬁkﬁsﬁm vy arRC st refeeably ailRadtadOt % Be vdight b trfglyc-
or Cl2-Cl6 fatty_ acids or conbinati ons of thereof.

Ex%w}ﬂ Cig-Cop Tathi a¢idsi GdC101Cr By 2gideesisas o GiorGrs A3ty agidsey com-
t
20 ﬁ]ﬁﬁt‘f(ﬁﬂ JttRéBGE, :E?Wﬁ 1e§ ¥F AL kﬂfdnagfeé% ﬂé{rgqgias;ja?l)t/l animal fats

whi ch are typica ROT & Sat ur at
acccdﬁmmng lower carUnﬁr:mnrhbety ifattyl aoids, ewinldnam tiyplchlly/\moret bedurated

her . car on nupber fatty acids durj
hy (BB AR R PG JeoaaxTIaton SERCRnas |aotRs: e, that of
f eﬁi%ﬁé%o‘ﬁfmﬁ%& @a&ty%hds%irﬁg %yﬁﬂﬂe&;%ﬂa[tfb%aﬁ@ fedll feed may

hydrocar bons.
also comprise feedstock of biological origin and a hydrocarbon or hydrocarbons.

25
Ci2-Cy¢ fatty acids can be bound to glycerol as triglycerides or other esters. Ani-
mal fats and palm oil triglycerides contain significant amounts of Ci¢ fatty acids,
typically 15-45 wt-% and especially palmitic acid. Other vegetable triglycerides
contain only 1-13 wt-% Ci¢ fatty acids, for example rapeseed oil only 1-5 wt-%.
30

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

35  of other metals, calculated as elemental metals, in the feed is below 10, preferably



Cl2-Cl6 fatty acids can be bound to glycerol as

triglycerides or other esters. Ani mal fats and palm
w@edo7003708 yceri des contai n significant anount sPOF/FELG/050300

fatty acids, typically 15-45 w-% and especially

pal mtic acid. O her veget abl(]@ triglycerides contain

only 1-13 w-%Cl6 fatty acids, for exanple rapeseed

oil only 1-5 w-% In order to avoid catal yst

deactivation and undesired side reactions the feed

5 shbglowdoanst mosii praferably belpwolwwrpma.cbie graet tof phayphorus, calcu-

caP asdlsrRent anBnRR S bR 15 e PR Fe and ot prefere
meblglbelow Q“L?pn,f eed is below 10, preferably below 5

and nost preferably below 1 wppm The anount of other
metals, calculated as elenmental netals, in the feed is

be} .o e t e . .
1 L el BRSO 8 SR RA PRELARRLY P RbMiblc

10 el aswch dbr prbospingbesauss ol dighvwmipliritypeeftent abd yhusehofeed&iock is
and st prefera pbly below 5 wppm |In many cases the
fe%r&g@})( DPugifies, vsmectuiaele fngrer Elme BnVERIQHS Ppgticatjog proce-
NOJurad! el %tﬁﬁluéﬁi%ht {Othe My@fotatindstBls 6 AR Gr8dest) EAmples of
impurity content and thus the feedstock i1s preferably
pusdnii¢ exhverttiongl procedaidsaaroprvaled i the followimgt | onal
purification proce dures, before introducing it to the
hydrotreating step of the process. Exanples of some

15 COD¥ARMMAIRAG T PAMCARHERSNa Mirkd10IsHRE théink Réndwil lo® phBgphorus
Degunm ng‘bof plant oils/fats and animal oils/fats
mee@TBpquaas\sueh a¥ phispbglinadsy Sobventoeximagied vegripbla oils contain often

h Mol Sl t t apl i)
SRR s AR RSB E Su GPLAL S R e gy o
-ﬁha%f&e@ﬂph&%lﬂﬂipids%h@ hhe&éﬁrm&idgumah@g sfpati¢ desded for crude
a degumm

0
(phosphol i pi ds) and therefore ng stage is
n

eplgeiriisandaniradl faisdnOrdrIte remey camtionplolipiissand ingalg gresent in
20 ! OcrhBERE RO AR Hoh Pl SuilE it %@gﬁgbﬁéasgmg@%% form of

s and fats. lron an so ot her
pr estahphosphatide domiplexas. Bednad trpdrosapowttioférondsphmabisof catalys-
Even a. jrace_agnmoynt of iron is capable of catalys ing
ox gLt OBPfﬁﬁé’%cﬂflfator fat.

Degumming is performed by washing the feed at 90-105 °C, 300-500 kPa(a), with

25  H;PO4, NaOH and soft water and separating the formed gums. A major amount of
metal components, which are harmful for the hydrotreatment catalyst, are also
removed from the feedstock during the degumming stage. The moisture content
of the degummed oil is reduced in dryer at 90-105 °C, 5-50 kPa(a).

30 The amount of free fatty acids present in vegetable oils is typically 1-5 wt % and
in animal fat 10-25 wt-%. High amounts of free fatty acids in a feedstock may be
reduced using a deacidification stage, which may be performed for example by
steam stripping. A feedstock, which is optionally degummed, is typically first
degassed under 5-10 kPa(a)a pressure at a temperature of approx. 90 °C. Thereaf-

35 ter the obtained oil is heated to approx. 250-280 °C, 5-10 kPa(a) and directed to a



Degunming is performed by washing the feed at 90-105
C, 300-500 kPa(a), with H3PO4, NaCH and soft water and

waeepanaed7nsg the formed guns. A nmj or anount of POEFRD06/050300

conponents, which are harnful for the hydrotreatnent
catal yst, are also renoved fr t he feedstock during
t he degunm ng stage. The noi sture content of the
degumed oil is reduced in dryer at 90-105 C, 5-50
kPa(a). The amount of free fatty acids present in

5 vegftippibg @obinrs where ifid stearn stripssat\A309268nd the fied frsty acids and

1025 wt -9% Hi..gh anmount s free fat aci.ds .j;n_a
{ cadRplhas the SOABERHRL. el 57 & SR i€ 3pfrdpdm from the
st égemn\oRehbadray be perforned for exanple by steam

stripping. A feedstock, which is optionally degunmed,
is typically first degassed under 5-10 kPa(a)a

s RS, i I GHRLARS B ARRE BE rolin R b pional

10 k Paap)maynbe bicachet ehh bleachitgr thp degignmed onrefinedh é¢edstock & heated
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steam strips at 230-260 C.the free fatty acids and )
de xed withygatgref oy aidpctivaterieaching ¢lay tl?ae%? fng removes vari-

fragti ity ti4bdsNF a6 | JtR4P ﬂr@ﬁea@ﬁk&%vﬁ&h mniing, such as
feedstock,” which 1s optionally degu d or refined’in

ancitlomphylg neezotenaids | phesphoipy, betald, eswepednd | oxidation products.

bl gachi.ng.the. deqgummed or refined feedstock is heated ..
AT ES i, Dpisaid earzn o vhioetem I8 ma i e GERYlg oxidation.
cl BlaclBh® - tedGo r8ATRY 8Re ¥albt pRMfents"BUrHéN ot fréd@Re dnsif of ac-
fromother pretreatnent steps |i ke degunm ng, such as

c hteptabihgalor andde sedune thepxigation tndeptydd oikret al s, soaps
and oxidation products. Bleaching is typically carried
out under vacuumto m nim ze possi bl e oxidation.

Bl B ifslpwifig tHeqlodeds Acdtiifs 10 e eblehfiot@piNise 4 Rydrotreating
order to produce an oil of ac ceptable color and to

r e¥eR and HbiseRpiasetips step dhdrsadhedip mare detal. t he fol | owi ng

t he process according to the invention conprising a
hydrotreating step and an i sonerisation step is
deHydrdtechting stepy e detail. Hydrotreating step

The feed to the hydrotreating unit comprises fresh feed and optionally at least one
diluting agent. The diluting agent can be a hydrocarbon of biological origin and/or
non biological origin. In the case the feed comprises additionally at least one di-

luting agent it is preferable that the feed contains less than 20 wt-% of fresh feed.

The diluting agent can also be recycled product from the process (product recycle)
and then the diluting agent / fresh feed-ratio is 5-30:1, preferably 10-30:1 and
most preferably 12-25:1.

The total feed comprising fresh feed containing at least 20 %, preferably at least
30 % and most preferably at least 40 % by weight of triglyceride C;»-C;¢ fatty
acids or C;»-Cy fatty acid esters or C;»-Ci¢ fatty acids or combinations of thereof,

is hydrotreated in the presence of hydrogen with a catalyst at hydrotreating condi-



The feed to the hydrotreating unit conprises fresh

feed and optionally at |east one diluting agent. The
waledoanoiTgs agent can be a hydrocarbon of bi ol ogPCEFI2006/050300

origin and/or non biological origin. In the case the

feed conprises additionally | east one di luting

agent it is preferable that the feed contains |ess

than 20 wt-% of fresh feed. The diluting agent can

al so be recycled product fromthe process (product
5 r etdgns| im) thg preseneq of 98-20000 tw-pyma geeferaplyr @QOHHB000 w-ppm, most

feed=rati g, ~30: 1. pref.erably, 10-30; 1. an t
or BFEPRLY J005 5900 N BE Syi3hdinng i doc REETRA as gomental
feqfplapnt ai ning at least 20 % preferably at least 30

% and nost preferably at | east 40 % by wei ght of
triglyceride ClL -Cl6 fatty acids or Cl1 -Cl6 fatty acid

est.e z j ' ' f .
ok 3 Rardoantl $1cp b o bty My R AELADGRCR ond Sty acid
10 W dérivatices aab dedxygendwd) detitrogdnated, desntphuticatad and debklorinated.
presence of 50-20000 w ppm preferably 1000-8000
w ppm nost preferably 2000-5000 w ppm of sul phur in

t N 1QURrdiRSEne a@ﬁ,%m%&égeﬁhma@st§ ebmbiing fbtals from

the hydrotreating step of the process fatty acids,
t r Gohupc€HI dad/onNIB fodithe/ Perdodic Spstemanay be usade Preferably, the hy-

deoxygenat ed, . deni t r ogenat esyl phur i sat nd
T R eSS DR 0 oot i RVt &GP Catalysts, the

15 hys?iflp%ﬂ R ingQlurfihh Ani/ak §ilied Hsalefdribdd T8t Astandd AT F0OYB. Typi-
VIIT and/or VIB of the Periodic System may be used.

Pr edllys NigVip/AlyQreaneh CalYlogdifdt ¢atalydnrgiuged- s are supported
Pd, Pt, NI, NiM or a Cowb catal ysts, the support
bei ng al um na and/or silica, as described for instance

i NInfthe h?&%ﬁgatin'@/d@ég), el prigssufd g tanthedvatiod beiwdan Aladd 13 MPa,
catalysts are used. In the hydrotreating step, t

h
pr ekiiably pefvsen and 8 NBs pdimest Riekerably Beftreqn 4 rvpé% MPa, and

20 P e SRR, 00 4 T BB iR P LR A fi0°C and
anghodQfeforabBy Z8E3A9CY bet ween 250 and 350C and nost
preferably 280-345C.

It was found that the deoxygenation of starting materials originating from renew-
able sources can be controlled between two partially alternative reaction routes:
25  hydrodeoxygenation and decarboxylation and/or decarbonylation (decarb-
reactions). The selectivity of decarb-reactions and the deoxygenation through de-
carb-reactions can be promoted during hydrotreating over the hydroteatment cata-
lyst, by using sulphur content of 50 — 20000 w-ppm in the total feed. The specific
sulphur content in the feed is able to double the extent of n-paraffins formed by
30 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 as can be seen in Table 3.

At least one organic or inorganic sulphur compound may be fed along with hy-

35 drogen or with the feed to achieve the desired sulphur content. The inorganic sul-



It was found that the deoxygenation of starting
materials originating fromrenew abl e sources can be
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routes: hydrodeoxygenati on and decar boxyl ati on and/ or

decar bonyl ati on (decarbreactiQns). The selectivity of

decar b-reactions and the deox%enati on t hrough decar b-

reactions can be pronoted during hydrotreating over

the hydroteatnent cata |yst, by using sul phur content

of P8y conmo@mbcmlmofw exerniple Ha5toaeleteanénl syipbursqrethe sulphur com-

sulglwlgirmcon%ent snl % Ifneed isorabll ?h%)ugl e {ng]c? such as di-

exPEHE BRY Pt S5 P TP G e aiG UG COpBY!

Coitiethgt disdiphideg eadbh @isulfhide hﬂi pesi ildesob¥ mixture of easily de-

decarb-reactions can theoretically |ower_ the

c ofImRAseble presmin kg campeunds. Bosalsapepsibleitp ase eefigenhgas or

puﬁﬁ{n‘i E{?é%)f&e&%dlﬁﬁ B¥c B AE Sul ﬁlﬂ%ﬂiggﬁn een in Table
east one or%anlc or 1 norgani ¢ sul phur conpound

may be fed along with hydrogen or mﬁth the feed to

achi eve the desired s hur. conte The .i.nor gani
ﬂp‘ﬂ%ﬁ Sleaﬂﬁa&mook@awe@ﬁ % thes X3P es thad wjth agdbdesiphur com-
Suf)(ﬁ{h‘dﬁ iR'thd RRdSHEPBHE if @H]g?ﬁl%%t%é’ oPgo@n ﬁﬁﬁ)b:\)i-ppm in the

deconposabl e organi ¢ Sul ph onpound such as
rrefehgilthed deaarbyixiytidion adrshort diamufamlaaﬂlsaamd dswivgtivashsush as Cie

ture of eas e Co S ul phur
cofiydits PeeSes SRl SarB B Bl O B9 pEi% he o
Iqu|d streans contai ni ng deconposabl e sul phur
cogﬁ ounds. It was surprisingly observed fromthe

f ds6 chatpingig Rttidgids and| dehiyatives ﬁh@‘%ﬁm‘g hydradgexygenated,
o7t ke e s

f aiebyeoaoelgsmcbxﬁefsionaiﬂ oﬂséir,veget@lble als Gk6 rdpatded odlcdndSsoybean
|ncreases significantly nore than that of Cl18 fatty

acPiprodnsesn amast detatininnt ngandar-(Gys @éﬁa&nSaW&hoﬁésmﬁ%mﬂVe@gher
thﬁ@ﬁﬁ% %ﬁﬁs@ﬁ’g@gﬁ@%y@ﬁf‘at ed, n-Cl5 and n-Cl6

par a S are rmed, with meltlng poi nts of 9.9C and
18 2C respectively. The conversion of other vegetable

like ra eseed 0J ean oil produces al nost
}(Ié{ﬁ’we‘??‘yéi R fgﬁsaﬁgm?éewqqﬁm@ﬁ@ (HegqTERGsitiap of the
h' #p%ceride molecule contrary to uncontrolled cracking. Double bonds are also

hydrogenated during the controlled hydrotreatment. Light hydrocarbons and gases
formed, mainly propane, water, CO2, CO, H,S and NHj3, are removed from hy-
drotreated product.

In the case the fresh feed comprises more than 5 wt-% free fatty acids, it is prefer-
able to use diluting agent or product recycle in the process as described in Figure
1, wherein an improved reactor configuration is presented, particularly for the
control of the increase of temperature over catalyst bed and side reaction forma-
tion. In Figure 1 a hydrotreatment process configuration is provided, comprising
one or more catalyst beds in series, hydrotreated product recycle introduction on
the top of the first catalyst bed and fresh feed, quench liquid and hydrogen intro-

duction on top of each catalyst beds. This results in improved control of the reac-



melting points of 22.0 and 28.2C. Hydr odeoxygenati on
of triglycerides facilitates controll ed deconposition
w@boovkes7vs i gl yceri de nol ecul e contrary to uncoptT/Bl2baes350300
cracki ng. Doubl e bonds are al so hydrogenated during
the controll ed hydrotreat ment, Li ght hydrocar bons and
gases fornmed, mainly propane, ter, CO2, CO H S and
NH3, are renoved from hydrotreated product. In the
case the fresh feed conprises nore than 5 wt-%free
5 f atiery tesertegriyrei in the cplalyise bedshind hence sléminishes undesirgéside reac-
or, I{roduct recycle in the process as described in
Flg Pe 1, wherein an i mproved reactor configuration is
presented, particularly for the control of the
i ncrease of tenperature over catalyst bed and s

r ebckigens ¥ Be hydrofrggimeptrepstgy Q0 QOI%PWWV&Q %@lﬁ/ﬁéﬁfis 10 and 20.

f.
PSR e b AR BB LE AT 1400 08, 8 ana 20
10r eregpécavelm asratbydrogen ansttcam 223 and D3 tdnethé icatatyscbédsl Ysand 20,

Pﬁ?@ﬁ%&g@ Efo'ﬁheoﬁes&fﬁe(géjtfegg{; B4t r!%drgggg Wg%lgt{lg %ﬁ&gh‘eated product

F el 1S sirBarh W@raﬁiﬁ‘%ﬂleﬁﬁﬁflﬁlﬁh sftarh 18 4r@akL 'réé'ﬁltl ing, mlxture 31, di-
tenperature in the catal yst beds and hence d ni shes

unhimm indble freshefeed goncentration, imthen dniraluged cblethe catalyst bed 10. In

ORI 8P & iR UIphUy SRR Jn b S5 e Foduired
15 ané’méfﬁltw stlpRurGA4le opSts aﬁ&&ﬁto]tﬁe ﬁ’ééh R0d str&IW e WiaViedm 15. As

and hydrogen as stream 22 and on the catal yst beds

10maxtare A, pasgesghrougl élneycataﬂm bled éQrwnﬂe@@ hydraggmstream 22, fatty
fi £c§(§s gﬁff(%?tgv% (Pdél‘l %( dsp{haq%isﬁ q”eéj(f %%ﬁ:%ﬁ} %ﬁé/ gén%erted to the

stream quenc ream

r esoitdsporisling i@auml Broducks. Autmdphase kieanh 325K wWithlehwn from the
concentratl on, is then introduced on the catal yst bed

10botiamn gf thercatalyshbech il and iséauieflé?ﬂt}éﬂille dresh feed stream 13, quench

i 3 r t
2 of H@Eﬁpkﬁ#%&kéeﬂau%gl g'hﬁ%g § to t 3'e ]rfh r efgﬂﬂéd g 02 ?@g{gmmlxme
1133/i(ﬁluﬁdrlaathe fiosh feed ontentratién, is feasatsoduced oghhd batalyst bed

caf al bed 10 with the hydyogep stre , fatt .
5(? %/ reduce tempel\!gture ue to c¥)o ing o0 H‘eg’t of the hy&rogen, qu%nch liquid

and fresh feed, passed through the catalyst bed 20 and finally withdrawn from the
catalyst bed as a product stream 34. The stream 34 is separated in to a vapor

25  stream 35 and liquid stream 36 in the high temperature separator 101. Vapor
stream 335 is rich in hydrogen and is directed to further treatment. Part of the liquid
stream 36 is returned to the reactor 100 as recycle stream 40, which is further di-
vided to 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 di-
rected from the hydrotreatment step to further processing.

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

35 pressure vessels the hydrogen streams 22 and 23 may alternatively be introduced



acids and fatty acid derivatives of the fresh feed
stream 12 are converted to the correspondi ng reaction

w@emduoel7ss A t wo- phase stream 32 i s w t hdrawn PCDRIR200650300
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bottom of the catal yst bed 10 and is mxed with the
fresh feed stream 13, quench f'quid stream 44 and the
hydr ogen stream 23. The fornmed vapor-liquid m xture
33, diluted in the fresh feed concentration, is then
i ntroduced on the catal yst bed 20 at reduced

t eomptheaatalyst bed 10 end thenibegpasseddbrough theneatalyst bede hQ and 20. In

qugnch,.l i.qui nd fresh, f eed assed through the

R o R e AT o R B e el he caa-
calysl béds h@fopdatd i paiiel mdlé aM stparath@ilionafu@d, hysirogen
separated in to a vapor stream 35 and liquid stream 36

i nStfqamsAng fiucash Hawd pireamas pEeagpber of cataphysb bedy may hepme or
I Se ] j ﬁﬁp&&pen and is directed to further
trg%%ﬁgﬁ¥&t’art of the liquid stream36 is returned to
the reactor 100 as recycle stream 40, which is further

di_vid to dilutio tream4 1 and total ench .

i e wﬁéjliqr AP, tOfﬂf‘eﬁ&{reﬁWFﬁﬂqﬁmpdmgx be iniodsccdwith the fresh
CORIE dirksin 11N€ ARMatiSG 2RFED hERUhLoP Eﬁgh&}em?d B8 Ued Svith the
cooling effect on thetop of the catalyst beds 10 and
20hydsyghnottreams 23 apd 24 ws gassonesulplur toinpouént secht aschydregen sul-
the}&a drotreatnment step to further processing. The

cal %st beds 10 and 20 may be |ocated in the sane
pressure vessel or in sepa rate pressure vessels. In

t he enbodi nent where the catal yst beds are in the sane

plr Hydrggen iﬂeflsd &9 thethydratteating)eaacior ineeessof the thepgetiealyhydrogen
E hRSRbHYE ot B AEENRL bR S BRI Ty i de-

t hivaiviee dherestt arvhaiihést tthedréiially XohvediRd Sto a-parhffing &fgHoat @r al-

pressure vessels, the cata |yst beds nmay operate in
pamast witherifddefeastionsp Additionally, arpeamedis faupad framgthg gdyperol

St pSABPHRNA QUé‘rﬂfe"s‘ whidt bl 80 S8 cON ot ﬁ&%ﬁi“c oxygen, H,S
cat al yst bed may be one or two or nobre than we. e

s ufrpinLorgamid sulplpurtcomtpbendsyanid NH cfedmerganit efrogamycolrgounds.
introduced with the fresh feed stream 11

Alternatively, required amount of sul phur may be fed

W Ug‘mg e 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 con-
verted product intermediates can be avoided and the catalyst life is extended con-
siderably. The temperature at the end of the catalyst bed is controlled by net heat
of reactions and to the extent of diluting agent used. Diluting agent may be any
hydrocarbon available, bio-origin or non bio-origin. It can also be product recycle.
If diluting agent is used, fresh feed content from total feed is less than 20 wt-%. If
the product recycle 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 isomerisation step.



hydrogen streans 22 and 23 as gaseous sul phur
conmponent such as hydrogen sul phide. Hydrogen is fed
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t heoretical hydrogen consunption. During the
hydrotreati ng step, triglycerﬁfe oils, fatty acids and

de rivatives thereof are alnost theoretically

converted to n-paraffins without or al nost w thout

side reactions. Additionally, propane is formed from

t hisogieyisatien ofarparaffing Iﬁ@rmmf/ durjng hydrotreapmenty and CO

and/ or CO from carboxylic oxygen, HS from organic

sul phur conpounds and NH3 from organi ¢ nitrogen
COIpotREYo iHfprowd tieecalloyepéelties of kel pRédeeg Usditerisatiéh @f n-
hydrotreating step, .the tenperature needed for

r eparpifign arq peeded Puring the iseuperisption pranched iserparaffing grepformed.

ea , erat ure i '
carOpE B YRt (ERat Bie fFSHS T U Cor BRERRRA HrihchlE
verted product internedi ates can be avoi ded and the

c lyst. life .is extended con siderably. The, )
t ehpRPEadysteobipingd, Ogh@ej’fyd’f%’@a@%ﬁnéls‘gﬁgtlg fRogneriged with a catalyst

g]?ﬁ%(fei) hdofitbrid¥tidhelondf s Ofhe f24 intdNRe ?s?ﬁlﬁgigat%‘ﬂere%&eﬂta mix-

Iluting agent used. Dl uting agen y be any
hytire otpure n-pavatfinsahdthe wompositign nf the feashcani be-ppedigied from the

It .can 0, bhe .product, recycle. .If.dilyti ent i

s o85 et ARerbBfh S0 st it il el e BB ypotrcar
20meht % I f the product recycle is used, product
recycle/fresh feed ratio is 5-30:1, preferably

10-30: 1, nost preferably 12-25:1. After the

hydr o . Q.. t ct 4.5 subj . .
 LSREI SR B S By APl B proB R B Bergp e
d ufdatiibnnyrdaadtr feerh e hydidtestdrht kep itd@r BY putified asihg a suitable
properties of the products, isonerisation of i
npBethodispeh ay drippipg ddth wefer vapouner » syiablg gastsuph as light hydro-
br § . ) . )

ty SO i RN My b fien SRR 3 PR el nfiies o re
br moedksas corhaletetyoatupdssibh e foredthé hgdnocixbotsy ake alontatedewith the
steg i S isonergfed with a catal yst under isonerisation

c olfOMETEAON c413ySt-eed i nto the isonerisation reactor is

a mx

In the isomerisation step, the pressure varies in the range of 2-15 MPa, preferably
in the range of 3-10 MPa 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 VIII of the Periodic Table and/or a carrier. Preferably, the isomerisa-
tion catalyst contains SAPO-11 or SAPO-41 or ZSM-22 or ZSM-23 or ferrierite
and Pt, Pd or Ni and Al,O; or SiO,, Typical isomerisation catalysts are, for exam-
ple, Pt/SAPO-11/A1,05;, Pt/ZSM-22/AL,0;, Pt/ZSM-23/A1,0; and Pt/SAPO-
11/810,. Most of these catalysts require the presence of hydrogen to reduce the

catalyst deactivation.



ture of pure n-paraffins and the conposition of the
feed can be predicted fromthe fatty acid distribution

w@bRoogmed10é ndi vi dual bio oil used as feed to thECT/FI2006/050300

10

15

25

30

hydrotreatnment. The isonerisation step may conprise an
optional purification step, rein the reaction
product fromthe hydrotreatnent step may be purified
using a suitable method such as stripping with water
va our or a suitable gas such as |ight hydrocarbon,

‘b@@meﬁ’l‘ed@@ﬁebgmduc?%ﬂétﬁ attﬂn}lya)cf hebhydrpearhens @nd also
pepiies by fReRblha TR BRung Rl ato SR RAdtifonaly some

| Sga¥elihg aid @8 needitil obtdined. n t he isonerisation step, the
pressure varies in the range of 2-15 MPa, preferably

in the range of 3-10 MPa and the tenperature varies

bekpg&pﬁégooﬁﬂglmg i&n preferably between 280 and 400

| SOner | sa Ion step, isonerisation catalysts
known in the art may be used. Suitable isonerisation

ysts cont a nho) ecul ar sieve and/or a t )
s Zﬁ%?@&e%s s Jg th invenjfoncaVies 3 ¥aY do %Fgﬁ's?fjamﬂon of
Righdr rﬁB}ecﬁﬁle&/@fgﬁpbéin%%fﬁgs 'dﬁﬁﬂ% eslgld}étféanﬁ@ﬁt Yr¥R fresh feed,

con al ns SAPO-I| “or 2 or ZSM 23 or
f ewhicbrmaye centain Hatty Bcide and\ideravadives thegeobr TIsi p‘roces“swcmding to

RS RS ey iy ST S b o
Pt 1513%@ andLfapé Gath Mpst diedel 8’%’1& %ﬁ%ﬁh&ﬁtﬁgxﬁﬁ&m lsRietrB&tions.
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presence of hydrogen to re e the catal yst

deBeanched hyshodankons wanehe @é@llfmté@él frcpmoﬂmﬁtandmgctgbls oils and
maf ?J s Well Q§ & g?gjgcpﬁgﬂ 8ﬁ§agxp ng rgo‘ﬁl‘ %d %jsg%{a_nce of decarb-

rocarpons an aS a

35@&10n@\dﬂhhg Oiyatod¥orsgoRat DAl therefonél tl@&f‘onﬁi&ﬁptﬁlﬁl of hydrogen
obt aj ned. Advant ages of the invention The process
actsslegieaigdiby 20nR0 Yon B@iRllB RO des a way to reduce
the formation of higher nol ecul ar wei ght conpounds
during the hydrotreatnent of the fresh feed,

During the deoxygenation of the feed through decarboxylation and/or decarbon-

ylation, oxygen is removed in the form of CO and CO,. The decarb-reactions de-
crease hydrogen consumption, theoretically in complete deoxygenation about 60-
70 % compared to complete hydrodeoxygenation route, but depends on the
triglyceride source. Ci2-C;¢ fatty acids and their derivatives have typically lower
amount of double bonds and their decarboxylation tendency is lower than higher
carbon number fatty acids and their derivatives during hydrodeoxygenation. How-
ever, it was surprisingly found that when 50-20 000 w-ppm of sulphur, calculated
as elemental sulphur, was present in the feed comprising fresh feed containing at
least 20 % by weight of C;,-C;¢ fatty acids and/or their derivatives, the decar-
boxylation of Ci¢ fatty acids and derivatives thereof increases significantly more
than that of C;3 fatty acids and its derivatives. This results in still lower consump-
tion of hydrogen. Added sulphur compounds in hydrodeoxygenation feed facili-

tate the control of catalyst stability and reduce hydrogen consumption. Feedstock



whi ch may contain fatty acids and derivatives thereof.
The process according to the invention provides
waedognoi7ve nmanuf act ure of di esel range hydr ocaP@DRR006/050300
frombio oils and fats with high diesel yield and
wi t hout significant side-reacjjons. Branched
hydr ocar bons can be manufact ured from pl ant and
vegetable oils and fats as well as animal and fish
oils and fats using pronoted assistance of
5 deliks prluaei pbn@imm%atngom@iumwe@rwg@rmd tattyzaedl derivatives, pro-
thgreg?%g t he consunption of hydrogen is decreased by
20- ) P ically 20-40 % During the deoxygenation
of the feed through decarboxyl ati on and/ or
decar bonyl ati o oxygen i s rempved in the formof CO

anfl ¥ 2Sorfremd dbetr 6P aRckrb e R 1 BRoCNEA 6 Gy Gro i acids and/or

co ion .t [ [ t Y.
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fatty acids and their derivatives, have_typically | ower
antpecllydaersrsed sirng isomerissian of psparpfisk g i¢ gig lower crack-
t epdeitTY . phrafiR Wefmdd A8 M8 Gy GEHRRI VAR Rled 18 Hydrotreatment.
aci ds ang therr derivatives during hydrodeoxygenati on.
HoWheCarCisinparaffing forpredsiunigg hyfowtreatntehtinecedewers@n2ersion and

000 wp .of sul phur, .,cal cul at ed  as .el epent al .sul phur
el BERHEn efPediihe, e HpReBiasih i st o dgeintand Same cold
15 COplopérfics18f alesélamatthdsighifkaml Biker Me &xkent GFrddidgyand coke
aci ds and/or their derivatives, the decar boxylation
of fopnatigmeempared de heavderdepaaffinsy Adternatively fimpreved 0odd proper-
Si i fi nt r.e . fatt: [
L 808 (b 8 Reh ¥t EPA ik e KRt lertokFar Bt Y ibla B The sta-
t i Bilityod f thy O4talgeR duAaE Bydrettéapingrang oR@SStfon i increased.
hydr odeoxygenati on feed facili tate the control of
catal yst stability and reduce hydrogen consunpti on.

Fe . | . i ' E at , ' .
20 (- PRERERMAR ARG B (AN Wi oxafileh b e pref
| t erable embtwodirhentsdf theainvérians Hoswevery itais feiviglent tond @rain skilled in

Cl -Cl6, fatty aci and/ ar their derivatjves decreases
hyﬁlﬁé&éhatgﬁ%icﬁﬁﬁpg the Imypniinm 1§ 10 Reantia e dipied &p Bigsgioxamples.

Examples

25
Example 1. Effect of sulphur content of total feed

Palm oil containing 0.3 area-% of free fatty acids was used as the fresh feed,
along with product recycle 5:1 in the presence of hydrogen. The content of

30 triglyceride C;5-Ci¢ fatty acids in the fresh feed was 58.3 wt-%. The total feed
contained alkaline and alkaline earth metals, calculated as elemental alkaline and
alkaline earth metals in a amount of below 10 w-ppm. The amount of other met-
als, calculated as elemental metals, in the feed was below 10 w-ppm. The amount
of phosphorus, calculated as elemental phosphorus was below 30 w-ppm.

35



al so inprove cold properties of diesel fuel. The yield
of diesel range hydrocarbons is especially increased
waleoornog7dsoneri sati on of n-paraffins due to theCT/Bi2erc/050300
crack ing of n-paraffins forned fromthe fatty acid
derivative feed to hydrotreat The Cl1-Cl16
n-paraffins fornmed during hy ot reat ment need | ower
conversion and | ower reaction tenperature during
i sonmerisation in order to maintain sane cold
5 pr Bpeng thestegifrung é@fequs anmmmd diingthyi disukitdey yn thewketal tfersl were
ext e fl‘ec rtlaockt ra E { rTatct 01‘n I‘CSo qu QﬁJa and space
he%ﬂ?l er e'h 6%1ra RS {NgF % F?/ ?n%?g dw% P
pr ededityt was0.8 @V%ﬂﬁ‘ fegh f@deHigher tdifterft QyﬂTEulgB@Clhlf@éﬂ 51gmﬁcant1y
tenperature without yield |loss. The sta bility o
catn&m?%qu theu tetal dﬁ%bfg@tl?tém ireagtiant throughk (¢Qatnd rC(st (decarb-
d
ol P ERE proifide WEle, Bltoor? I pRHIFALE thab il Sy acid) i
10 en.tteaﬂ mgygﬁlaﬁﬁeby hydrogeno D Gloprveth@tioniof sarhe earboe nimber n-

t killed th that th f th
| oA nﬁﬁqn'sorkﬁ?{lal' i5hEO 8 HR Qv hecisosit Toaru0ms of C16-fatty ac-
eXRITRh&ESasedr¥ cﬁﬁ’tl)EﬁB@{hﬁn Hecﬁ Fr&fetiord oislﬁgﬂéil{flS or C20 fatty

content of total feed Palmoil containin area- %
f adidse #iglatontertaif dulphas inuthe deakdachemséd ‘éxerdohbbcbondllwdg)gena-

duct I 5:1 t h f hyd
S BRI BT i Bisp dsbrepstd REGBARITRS o HAT PR SPapefrom
15 fresk f eafrifshedétedt vt sitphulREnieft & tofa Rd CAlURKIIOMA clemental

al kal i ne and al kal i ne earth metal s, cal cul ated as
el siphraon dedash-Pinef diffgrant katbpn aumber fattyscids observed in product

e eh B .
o B AR Mo PPl B S0 Bl Al i
10inétepfydf ddagrbargaitivhs oémpim P feed With ¢00 &t Qﬁnas sulphur and
el enent al phosphorus was bel ow 30 w ppm During the

t etgbler 3 yesentsi hearetead decreasst ofihygiogen cen%mmoaedqentq flecarb-
20 t ofdlsidnged were used. The reaction tenperature was 305

, reactor pressure was 5 MPa and space vel ocity was

0.5 g/g for fresh feed. Higher content of sul phur in

- oSetns 4B o BypitsoRvar Qipihibed B aatet i Alhena suphur

@]

._4

Sulphur  Sulphur Sulphur Sulphur  Sulphur  Sulphur
100 570 w- 1000 w- 3000 w- 5000 w- 10000
Ww-ppm ppm ppm ppm ppm Ww-ppm

C15/(C15+C16) 291 % 45.6 % 52.6 % 551 % 562 % 47.5 %

C17/(C17+C18) 30.2 % 375 % 40.1 % 42.5% 433 % 39.7%

C19/(C19+C20) 36.6 % 434 % 46.0 % 48.1 % 49.2 % 46.5 %

Total decarb-% 320% 422 % 46.2 % 48.6 % 49.5 % 44.6 %

25



wyarogsms (HDO, production of same carbon nunbBECT/FI2006/050300

10

production of one carbon | ess n-paraffins than
original fatty acid) instead of deoxygenation by

nparaffins than original fatty acid). However the
decarb-reactions of Cl6-fatty,,ac ids increased
significantly nore than decarb-reacti ons of higher C
8 or C20 fatty acids. H gh content of sulphur in the
feed decreased the doubl e bond hydrogenation activity
of Tekde 3l Belativmincrgrsecofdieearbaeastionecar b- r eact i ons as can
be seen fromtable 1, wherein the effect of sul phur
content ofughatal f estphgal cul Zupsuras el sapndral S Wuphur ,
on decar 50%pmivs di i 060 @int vsC a3 DOPpmuysH eI 000 apiys aci0 @80 ppm
observed 10 ppmoductl0®ppm ( decddlppsis cal cW0gped f rord0 ppm
fresh feed) is presented. Table 2 discloses relative

i ncrease of decarb-reactions conpared to the feed with
100G ppm of568 phur &%8% abl e ®-Present s93héor et i Bal%
decrease of hydrogen consunption due to

decar preactigng, Tabl Ef fect .of sul phyur, content

t ot g{l?f eed czgﬂ?‘hl at ed%{i%el erren%oaﬁ%sul phu‘w’zs%ﬂl phu:gm%
Sul phur Sul phur Sul phur Sul phur Sul phur 100 570 w
100@2y+ 300Qgym, S000 w5 740000 wsippimn ppm pRim |PM PRI o
W ppm C15/ (C15+C16) 29.1 % 45.6 % 52.6 % 55.1 %56.2 %
47.5 % C17/ (C17+C18) 30.2 % 37.5 % 40.1 %42.5 % 43.3
% 3tal % CLIMP@LI+C2014.86. 6 % 4R.00%% 46. 0520%U8. 1 %9.5%
49.2 % 46.5 % Total decarb-%32.0 %42.2 % 46.2 % 48.6
% 49.5 % 44.6 %able 2. Relative increase of

decar b-reacti ons Sul phur Sul phur Sul phur Sul phur )
sulsie?. Thorgisal Riglragengongmntios weitthasl witheus decarbagncHons
vs 10 000 ppm 100 ppm 100 ppm 100 ppm 100 ppm vs 100

ppm C16 56.8 %80.9 % 89.5 %93.2 % 63.3 % C1l8 24.1 %
3. 7 % 40. 7 RafSecd ¥P3in sfeabim  Palm oil Animal fat
oil

Hydrogen consumption (H, molecules per triglyceride), 100% deoxygenation by hy-

drodeoxygenation

Water 6 6 6 6

Subst. Hy-

drogen 6 6 6 6

Double

bonds 4 1.16 1.8 2

Ttotal 16 13.16 13.8 14

Hydrogen consumption (H, molecules per triglyceride), 100% deoxygenation by de-
carb-reactions

Water 0 0 0 0
Subst. Hy-

drogen 3 3 3 3
Double bonds 4 1.16 1.8 2
Total 7 4.16 4.8 5
H2 reduction

(max) 56% 68% 65% 64%




C20 18.7 %25.7 %31.5 %34.4 %27.1 % Total 31.9 %

44.6 %52.0 %55.0 % 39.5 % Tabl e 3. Theoreti cal
whyaroegsms consunpti on with and w t hout PCT/F12006/050300

decarb-reactionsExanple 2. Effect of Cl6 fatty acids

on cracking during isomnerisat Ln and di esel yield at

sane pour point level wth pa m oil feed Palm oil

containing 44.8 w-%of triglyceride CL -Cl16 fatty

acids was used in the fresh feed. Dinethyl disulphide
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awﬁlﬂrﬁg%tfwh%/ wvedc Thoyfied wastlydreiseatedl aft308, ‘Chint fhe presence of hy-
&%gs lj| s ofﬁgér%g%y‘g%sg fl)\%[l@?{ 'ﬁﬁd@)ag% Sglt gl af W&g ) O%/ggﬁléfres%zfeed

t a’lﬂh@pﬂ)duéts conpmed mandy tnedraffins. 'ﬂaarm-ipeldﬂimfeeds tvere isomerised

rapes eseed oil conta of 4 - %
15, %%19%3@%@%@6@ tW“hEﬁeﬁf%lce 3%1’ caialyst (A)

hyg&ﬂ?élﬁ&fii’? 05 RPQ. 1S M bh S&EnAL su Eﬁor?aﬂ?e Eﬁﬁﬁﬁt' &hydrocarbons

condi ti ons 'as descri bed above. anount of
hy%l@b@ awab O svt>%1i0 theaprogactwi hé/clond tphint of debulaquid Preeduct was -22

t.of . thel [ duct. - C. Result
I S AR T RSB s
Exarrpl e 3. Effect of Cl6 fatty acids on pour point of

i sonerised diesel oil at sanme diesel yield wth palm
20 oj A commarative t¢sy wies carsigd eut with sanssee f&ﬂd}é@pﬁwe@dm@m@md

2 AP SRR BESR e A  ERe FbBbd b an
isomerised at the same reaction conditions as described above. The amount of
hydrocarbons >C10 was 96 wt-% in the product. The cloud point of the liquid
product was -15 °C. Results of analysis of the product are provided in table 4.

25
Example 3. Effect of C16 fatty acids on pour point of isomerised diesel oil at

same diesel yield with palm oil feed

The hydrotreated palm oil obtained in Example 2 was isomerised at 312 °C, 4
30 MPa and WHSV was 3 1/h in the presence of hydrogen with catalyst A. This
yielded a liquid product with a cloud point of -14 °C. The amount of hydrocar-
bons >C10 was now 98 wt-% in the product. A small amount of lighter hydrocar-
bons can be concluded from the flash point and in the distillation curve of the

products as can be seen from table 4, which presents analysis results of hy-
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Example 4. Effect of C16 fatty acids on cracking during isomerisation and

diesel yield at same pour point level with animal fat feed

Animal fat containing 30 wt-% of triglyceride C12-C16 fatty acids was used as

fresh feed. The feed contained alkaline and alkaline earth metals, calculated as




triglyceride Cl2-C 6 fatty acids. In the isonerised
product, the anmount of hydro carbons >Cl0 was 95 wt-%

wab@7oboml point of the liquid product was - 14PCX/F12006/050300
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Exanple 5. Effect of Cl6 fatty acids on pour point of

i somerised diesel oil at sa iesel yield wth aninmal

fat feed The hydrotreated aniftal fat obtained in
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acprodaetivpst-80 88y one of clains 1 - 3, characterised in
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carbons >C10 was 95 wt-%. The cloud point of the liquid product was -14 °C.

Example 5. Effect of C16 fatty acids on pour point of isomerised diesel oil at

same diesel yield with animal fat feed

The hydrotreated animal fat obtained in Example 4 was isomerised at 312 °C, 4
MPa and WHSYV was 1.5 1/h in the presence of hydrogen with catalyst B. This
yielded a liquid product with a cloud point of -13 °C. The amount of hydrocar-
bons >C10 was now 98 wt-%.



5. Process according to any one of clainms 1 - 4,
characterized in that the feed conprises |less than 20

wowemnad7o§ resh feed and additionally at | east BPEEFI2006/050300
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di luting agent. 6. Process according to claimb5,
characterized in that the dilyting agent is dilut ing
agent is selected from hydrocarbons and recycl ed

products of the process or m xtures thereof and the
diluting agent / fresh feed-ratio is 5-30:1,

pr€laimabl y 10- 30:1 and nost preferably 12-25:1.7.
Process according to any one of clains 1 - 6,
characterized in that the feed contains 1000-8000
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4. Process according to any one of claims 1 - 3, characterised in that the feed

contains less than 10 w-ppm alkaline and alkaline earth metals, calculated as ele-
mental alkaline and alkaline earth metals, less than 10 w-ppm other metals, calcu-
lated as elemental metals and less than 30 w-ppm phosphorus, calculated as ele-

mental phosphorus.

5. Process according to any one of claims 1 - 4, characterized in that the feed
comprises less than 20 wt-% of fresh feed and additionally at least one diluting

agent.

6. Process according to claim 5, characterized in that the diluting agent is dilut-
ing agent is selected from hydrocarbons and recycled products of the process or
mixtures thereof and the diluting agent / fresh feed-ratio is 5-30:1, preferably 10-
30:1 and most preferably 12-25:1.



hydrotreatment step a catal yst bed systemis used
conprising one or nore catalyst beds. 13. Process
wa@ewaenaizng t o any of the above clains 1-12, PCT/F12006/050300
characterized in that in the hydrotreating step, the
pressure varies in the range f?f 2-15 MPa, preferably
in the range of 3-10 MPa, the tenperature varying
bet ween 200 and 400 C, prefera bly between 250 and 350
C,_and nost preferably between 280 and 345 C. 14.
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tor oil, coconut oil, lard, tallow, train oil or fats contained in milk or mixtures

thereof.

11. Process according to any one of claims 1 - 10, characterized in that the fresh

25  feed comprises feed of biological origin and a hydrocarbon/hydrocarbons.

12. Process according to any of the claims 1 - 11, characterized in that in the
hydrotreatment step a catalyst bed system is used comprising one or more catalyst
beds.

30
13. Process according to any of the above claims 1-12, characterized in that in
the hydrotreating step, the pressure varies in the range of 2-15 MPa, preferably in
the range of 3-10 MPa, the temperature varying between 200 and 400 °C, prefera-
bly between 250 and 350 °C, and most preferably between 280 and 345 °C.

35



and Pt or Pd or NN and Al 203 or Si Q2.
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14. Process according to any of the above claims 1-13, characterized in that in
the isomerisation step, the pressure varies in the range of 2-15 MPa, preferably in
the range of 3-10 MPa, the temperature varying between 200 and 500 °C, prefera-
bly between 280 and 400 °C.

15. Process according to any of the above claims 1-14, characterized in that the
hydrotreatment is carried out in the presence of a hydrogenation catalyst, said hy-
drogenation catalyst containing a metal from the Group VIII and/or VIB of the

Periodic System.

16. Process according to claim 15, characterized in that the hydrotreating catalyst
is a supported Pd, Pt, Ni, NiMo or a CoMo catalyst, the support being alumina

and/or silica.

17. Process according to any of the above claims 1-16, characterized in that an

isomerisation catalyst containing molecular sieve is used in the isomerisation step.

18. Process according to claim 17, characterized in that isomerisation catalyst

comprises a metal from the Element Group VIIL.

19. Process according to claim 17 or 18, characterized in that the isomerisation

catalyst contains ALO; or SiOs.

20. Process according to any one of claims 17 -19, characterized in that the isom-
erisation catalyst contains SAPO-11 or SAPO-41 or ZSM-22 or ZSM-23 or ferrier-
ite and Pt or Pd or Ni and ALO; or SiOs.



