Process For Hydrodeoxygenation O Feeds Derived From Renewabl e Sources Wth
Limted Decarboxyl ati on Conversion Using A Catal yst Based On N ckel And

Mol ybdenum Field of the invention The international context of the years
2005-2010 is firstly marked by the rapjd increase in the need for fuels,
In particular gas oil bases, in the Eu]ropean community, and secondly by
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derived from algae, animal fats or spent cooking oil, either raw or having undergone a prior

treatment, as well as mixtures of such feeds. These feeds essentially contain chemical
20  ftriglyceride type structures which the skilled person will also know as fatty acid triesters and
fatty acids.

The very high molecular mass (more than 600 g/mol) of triglycerides and the high
viscosity of the feeds under consideration means that using them directly or mixed with gas
oils gives rise to difficulties for modern HDI type engines (compatibility with very high

25  pressure injection pumps, problems with clogging of injectors, imperfect combustion, low
yields, toxic unburned emissions). However, the hydrocarbon chains which constitute
triglycerides are essentially linear and their length (number of carbon atoms) is compatible
with the hydrocarbons present in the gas oils. Further, these chains generally contain in the
range 0 to 3 unsaturated bonds, but that may be higher, in particular for oils derived from

30 algae. ‘

| Thus, said feeds have to be transformed in order to obtain a good quality gas oil.

One possible approach consists of converting them by transesterification. The

triglycerides, which essentially constitute such feeds, are then converted in the presence of an




30 al gae. Thus, said feeds have to be transformed in order to obtain a good
quality gas oil. One possible approach consists of converting them by
transesterification. The triglycerides, which essentially constitute such
feeds, are then converted in the presence of an 2 aliphatic monoal cohol
into esters of fatty acids and into gl"ycerin by a transesterification
reaction. This reaction nay be catal yzed by a honbgeneous or heterogeneous
phase catal yst. Di sadvantages of that route which nay be cited include: a)
increased NO, emssions in the exhaust gas of internal conmbustion engines
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reaction J co ogen due to the production of water, but
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monoxi de_and carbon di‘oxi de are. nethanized as follows:
from group VIII dispersed on a metallic oxide or carbon type support. The catalysts used for

the deoxygenation reaction are metallic catalysts, and so this route leads to the exclusive
20  production of paraffins by decarboxylation/decarbonylation and results in the production of

oxides of carbon. This has the advantage of a reduced hydrogen consumption compared with

hydrodeoxygenation reactions, which consume hydrogen due to the productbion of water, but

involves a reduction in the yield of upgradeable product (such as middle distillates, for

example) due to the loss of one carbon atom per mole of hydrocarbons in the form of CO or
25 CO..

Further, the oxides of carbon produced by the decarboxylation/decarbonylation
reactions give rise to a methanation reaction which suffers from major disadvantages. Carbon
monoxide and carbon dioxide are methanized as follows:

CO; + 4H, 5 CHy +2H0

30 CO +3H, S CH; + Hy,0
giving rise to:

1) an increased consumption of hydrogen;




C2 +4H+C#4+2H0O 30CO+3 H CH4 + HO giving rise to: 1) an

I ncreased consunption of hydrogen; 3 2) the fornation of water: the
wat er / oxi des of carbon m xture is well known to the skilled person to
encour.age carbonic corrosion which is deleterious to the materials of the
process; 3) the need to purify recycl-'éd hydrogen in order to elinmnate

oxi des of carbon 5 using, for exanple, a supplenental and costly step for
washing with am nes and/or for nethanation. Sul phide catal ysts are known
to be active in hydrotreatnent reactions: hydrodesul phurization,
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WO- 2007/ 36288 st liBRsecBul f5ep s fief. OIn phyiibubeleSonphetndi(Applied fCatulysis A:
General vol 326, 2007, pp 236-244) studied the transformation of ester type model molecules
15  representative of the hydrophilic function (ester group) and lipophilic function (alkyl chain) of

triglycerides present in vegetable oils in the presence of CoMo or NiMo/AlOs sulphide

catalysts.
In contrast to catalysts based on reduced metals, the use of solids based on transition
metal sulphides allows the production of paraffins from ester type molecules in accordance
20  with two reaction pathways:

e hydrodeoxygenation, resulting in the formation of water by consumption of
hydrogen and the formation of hydrocarbons containing a number of carbon
atoms (Cn) equal to that of the initial fatty acid chains;

o decarboxylation/decarbonylation, resulting in the formation of oxides of

25 carbon (carbon monoxide and carbon dioxide: CO and CO,) and to the
formation of hydrocarbons containing one fewer carbon atoms (Cn-1) than the
initial fatty acid chains.

Patent application WO-2007/141293 describes a process for hydrodeoxygenation of a
feed from a renewable source using a catalyst in the sulphide form comprising at least one

30 metal from group VIB and at least one metal from group VIII wherein the atomic ratio of the

metal (or metals) from group VIII to the metal (or metals) from group VIB is in the range
0.48 to 0.97. Thus, that process allows the production of paraffins using the two reaction

pathways described above.




feed froma renewabl e source using a catalyst in the sul phide form
conprising at |least one 30 netal fromgroup VIB and at | east one netal
fromgroup VIII wherein the atomic ratio of the netal (or nmetals) from
group VIIl to the metal (or netals) fromgroup VIBis in the range 0.48 to
0.97. Thus, that process allows the production of paraffins using the two
reacti on pathways descri bed above. 4 The starting feeds are feeds derived
fromrenewabl e sources, such as oils and fats of vegetable or ani nal
origin, or mxtures of such feeds, containing triglycerides and/or fatty
acids. The vegetable oils used in the present invention may be unrefined or
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b) a hydrocarbon chain having one carbon atom fewer than the starting fatty acid

chains if the mechanism occumring is decarboxylation/decarbonylation, this mechanism
20  resulting in the formation of oxides of carbon (carbon monoxide and carbon dioxide: CO and
COy);

c) a degree of branching of hydrocarbons adjusted so as to obtain cold properties
and a cetane index which are compatible with current regulations for gas oil.

According to the prior art, as explained above, the two transformation pathways a) and

25 b), hydrodeoxygenation and decarboxylation/decarbonylation, generally coexist in the
presence of sulphide catalysts.

Thus, the aim of the present invention is to maximize the gas oil yield and to promote
the hydrodeoxygenation mechanism described in a). The choice of catalyst and the operating
conditions are thus aimed at orientating the selectivity to benefit hydrodeoxygenation while

30 also aiming to limit hydrogen consumption to strictly that which is necessary, and in

particular that which would result from unwanted reactions such as methanation.




t he hydr odeoxygenati on mechani sm described in a). The choice of catal yst
and the operating conditions are thus ained at orientating the selectivity
to benefit hydrodeoxygenation while 30 also aimng to limt hydrogen
consunption to strictly that which is necessary, and in particular that

whi ch woul d result from unwanted reac®i ons such as nethanation. 5 The
invention also ainms to produce good quality gas oil fuel by isonerization
of the paraffins of the gas oil cut, thereby |limting their cracking into
unwanted lighter fractions such as a naphtha cut, for exanple. It has thus
been shown that it is possible to control the selectivity of 5
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20  VIII to metal (or metals) from group VIB being strictly more than 0 and less than 0.095.
Aim of the invention
The present invention concems a process for hydrodeoxygenation of feeds derived
from renewable sources with conversion by decarboxylation/decarbonylation limited to at
most 10%, using a bulk or supported catalyst comprising an active phase constituted by at
25 least one element from group VIB and at least one element from group VIII, said elements
being in the sulphide form, and the atomic ratio of the metal (or metals) from group VIII to
the metal (or metals) from group VIB being strictly more than 0 and less than 0.095, said
process being carried out at a temperature in the range 120°C to 450°C, at a pressure in the
range 1 MPa to 10 MPa, at an hourly space velocity in the range 0.1 h! to 1007, and in the
30 presence of a total quantity of hydrogen mixed with the feed such that the hydrogen/feed ratio
is in the range 50 to 3000 Nm’ of hydrogen/m’ of feed.
Thus, the process of the invention can:

1) maximize the yield of fuel base;




range 1 MPa to 10 MPa, at an hourly space velocity in the range 0.1 Ifl to
10 h"f , and in the 30 presence of a total quantity of hydrogen m xed with
the feed such that the hydrogen/feed ratio is in the range 50 to 3000 NnB
of hydrogen/n8 of feed.. Thus, the process of the invention can: 1)

maxi m ze the yield of fuel base; 6 2) limt carbonic corrosion; 3)
facilitate the purification of recycle hydrogen; 4) limt methanation
reactions causing increased consunption of hydrogen for reactions with no
added value. 5 Furthernore, the present invention is particularly dedicated
to the preparation of gas oil fuel bases which satisfy the |atest

envi ronnent algyr egyiLat 8hsic Bkadidd; N9 from feeds derived fromrenewable
sources. The gas oil bases produced i n accordance with the invention are of
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paraffin% of the lcut satisfying the fuel specifications, i.e. conpatible
with t heTORTEHHAMASOYEESt orce: a filterability tenperature limit of |ess

than - 15C andria gacéibbdedsrbdiicedin ab@sdantdWaith thie Givedtidnge cursdilelt @blitgi ned i s
| ow, generally less than 800 kg/rrB which is an 20 advantage insofar as
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i ncorporated. Description of the I nvention esent i nvention coOncerns a
process for hydro@etghygad]apolmomancseed@tdéiessﬁb«dlZ%EYWﬁrght renewabl e sources

w th conver si on, b ar boxyl on/ dec d to st 10%
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the hydrocarbons formed;

15 e they have good cold properties due to the degree of isomerization of the

paraffins of the cut satisfying the fuel specifications, i.e. compatible with the
standards in force: a filterability temperature limit of less than -15°C and a
cloud point of less than -5°C;
o the density obtained is low, generally less than 800 kg/m’, which is an
20 advantage insofar as this helps the gas oil pool to satisfy the density
specifications which is a maximum of 845 kg/m® and thus means that higher
density cuts can be incorporated.
Description of the invention
The present invention concerns a process for hydrodeoxygenation of feeds derived
25 from renewable sources with conversion by decarboxylation/decarbonylation limited to at
most 10%, using a bulk or supported catalyst comprising an active phase constituted by at
least one element from group VIB and at least one element from group VIII, said elements
being in the sulphide form, and the atomic ratio of the metal (or metals) from group VIII to
the metal (or metals) from group VIB being strictly more than 0 and less than 0.095, said
30 process being carried out at a temperature in the range 120°C to 450°C, at a pressure in the
range 1 MPa to 10 MPa, at an hourly space velocity in the range 0.1 h! to 10", and in the
presence of a total quantity of hydrogen mixed with the feed such that the hydrogen/feed ratio
is in the range 50 to 3000 Nm® of hydrogen/m® of feed. |




being in the sul phide form and the atomc ratio of the netal (or netals)
fromgroup VIII to the netal (or netals) fromgroup VIB being strictly
nore than 0 and | ess than 0.095, said 30 process being carried out at a
tenperature in the range 120C to 450C, at a pressure in the range 1 MPa to
10 MPa, at an hourly space velocity i the range 0.1 h'l to 10 h"" , and in
the presence of a total quantity of hydrogen m xed with the feed such that
t he hydrogen/feed ratio is in the range 50 to 3000 NnmB8 of hydrogen/ nB of
feed. 7 In accordance with the present invention, the term"active phase"
means the phase containing the el enment or eI errents fromthe groups of
nmetals in the,sul |def In this tiv t cat al yst
of the invent }noﬁcc? %tpée G%W‘éetnn?éas? te 1ea(’sll}’fsa?113%e gher@gﬁ‘erom
group VI Boamidingtthd elamtantcmelmehpkﬁaﬁe thsl gmpstof frretals yrthel pulplhlﬁda forfn; [mthis

accor dance th I he _present inv n ' e catal. t used in the cess of
the - i nv&Als BhaARS pBgs ﬁ?g‘ifo?afa&f? mfeP TbihsPpited by o ?sbﬂ?fu?‘ﬁ’f er al
support  sgine6f s fgfo@ﬁwllb @nd &N&@sonk @dilfnﬁde Elymeént ﬂmnrg’mupsvm ca,

silica-al um nas, ghesi g clays and m xtures of at t hese

ni ner &l s. Th|§1§°i5’5f5]61“te %%S%Mﬁf%le&fs? Yshds h%chee%ﬂ%&h?nds
such as eh@RSmaeb ees‘ﬁgﬁ‘dilteﬁ QM bhEpi e atParh GRS n@déré?@ﬁﬁ&rt%l'e&&i fréth Rigoni a,

titani um oxi de and hosphoric anhydride, for exanple. Preferably, the
anor phougrewpiemgr bwbmaaa sijiga, siticarplymings magpesiss elaysand ngxgpesof gt legshiwo
accordan ocess of
fho 1 ny ok Bk, PRES bort B0 Ao Afvar bl Sl e SBitpbihch MEctPis)
suppor t . okidemedostethriom wiet groithefopnasic by shopdn phide,i rivconiaj ditaniuthevxifet inde phase
of salbd g{,ﬁgh&% ? eforgx %pported or bulk formis constituted by at

ro

| east "one efenen il group*VIB and at |east one elenent fromgroup VIII,
said el enent Preferably, wwﬁdkﬁotﬂs&mn@rasﬁippmBdnhhmmﬂmbpdmde‘n&mﬁnd t ungst en;

pref erably, id element, fromgroup VIB i enu nd said I enent
from group \Aa‘l‘l jecpidangs) widh Hrg E?VE‘E’@P’ %?t‘l‘gvﬁéﬁ%ﬂ“tse‘gnﬁ?‘ g? CePTaRisy ° §15|

el ement ﬁﬂ\@ﬁﬁ&r@%t\ﬂﬁnhhvélygbe 1H'tl€s|‘lﬁhc forf), ileNwAKGO% Si3p6R. Wi th the process of
the i nvention atom c ratio of the netal (or, "metals), fromgroup VIII

to the metal f(ncﬁcc‘??éitﬂéiﬁ wjth thegrocgsonfitheippsntign, shergctiyq Rhaﬁ%?féa{dﬁéﬁlyét B¢ | ess
th 0 th
raﬁnégo g ke g&‘g&g{éﬂpﬁﬁ ﬂc&lﬁﬁutgpr e el?agg(ljmy e?lﬁrlllg T ﬁﬁ g\%%ﬁﬁﬁ@s}’oﬂeﬂ ©

0.01 to 0.03.
Pr ef er ab IeLcmenttﬁ;murgtoap Wﬂmmdg:qum ﬁbIB gm;lp MByboihg mtlmt@cgﬁlom meolyhderzum &ndom gr oup

VI ni.ck d_t f. | to the
met al f r Sten &rg?ﬁag‘g '?a"j]elemf’ he ()\{Igtllsg%bﬁ%%ﬂ “Inﬁosjta}rd?% #Iglrne than O
and | ess gtdaprVI!I 19QBlectpd Gbmr wldtey and‘lcﬁHah prafegbly, said element from group VIII is
nickel.
20 In accordance with the process of the invention, the atomic ratio of the metal (or

metals) from group VIII to the metal (or metals) from group VIB is strictly more than 0 and
less than 0.095, preferably in the range 0.01 to 0.08, more preferably in the range 0.01 to 0.05
and highly preferably in the range 0.01 to 0.03.
Preferably, the metal from group VIB is molybdenum and the metal from group VIII
25  is nickel and the atomic ratio of the metal from group VIII to the metal from group VIB, i.e.
the atomic ratio Ni/Mo, is strictly more than 0 and less than 0.095, preferably in the range
0.01 to 0.08, more preferably in the range 0.01 to 0.05 and highly preferably in the range 0.01
to0 0.03.
In the case in which said catalyst is in the supported form, the quantity of the oxide of
30 the element VIB is advantageously in the range 1% to 30% by weight with respect to the total
catalyst mass, preferably in the range 10% to 25% by weight, more preferably in the range
15% to 25% by weight and still more preferably in the range 17% to 23% by weight, and the
quantity of the oxide of the element from group VIII is advantageously strictly more than 0%




0.01 to 0.08, nore preferably in the range 0.01 to 0.05 and highly
preferably in the range 0.01 to 0.03. In the case in which said catalyst
is in the supported form the quantity of the oxide of 30 the elenent VIB
I s advantageously in the range 1% to 30% by weight with respect to the
total catalyst mass, preferably in the range 10%to 25% by weight, nore

preferably in the range 15%to 25% by weight and still nore preferably in
the range 17%to 23% by weight, and the quantity of the oxide of the
el ement fromgroup VIII is advantageously strictly nore than 0% 8 and | ess

than 1.5% by weight wth respect to the total catalyst mass, preferably in

t he rang 0 o oA | i r; 07%to
0. 5% by B B L At B &Sy SRRl SR My Pl 4 R 3096 by
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ratio N/ A %rwrg |,de content of 1% by wei ght,
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usual techni qlnghe cintext efbe irakentimathy sisimuyn vaile ofitiecatarbicwetio/Ni/Mouwd 06d

pl asnp), .said nickel detection.linmt being of t order, of ppm.,ln the case
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el eranE sby rwmgtlg,r mmtawe?oﬁﬂd Vuhll teatirfquae folf reﬁﬁaebm tulmysast ByTiiCP lr(m;dh?is/e@f t he
met a or tals 1Q.fr roup VLI .to the t or netals rom group
VI B as d&?‘fﬁfé‘d’l"}s%?a)a&%‘?)mg‘ﬂ]@ eW&W@h‘?mﬁﬂyﬁﬁf&gﬁgpﬂﬂgr an atomic ratio of
the netal (ormnegé 8dse )in Whith GidoskRalyst id int e AR 8RH, athe @QantiE bRR)oxider&fm group
VIB of stri ctlyé nore than O and less than 0.095, the quantity of el enent

from . or Slemen Bomeeraun Wi erscBry hBRed ok aomicmgionef e metal (5 MUY t han
100% py %In%&uﬁlﬁf Qetlhclﬁle&l( '(?Einé?ﬂé’}iﬁ’cﬁﬁ Ex‘U\\JfF ﬁ{m%?@eﬂeﬁqﬁ Ricofda06R @R VI B and

the quantity of the element fromdgroup I's advant ageously strictly
nore t hamventwnd | ess than 4. 7% by wei ght as the oxide equivalent of the

el enment from e t om ' t s) from
ar oup V1 111 oo Al o o 5F e OFplsT LR Poun {1 b neke oGS 1

0. 08, th?omtgmpi V%B of stéibtiyrewte thawo M ayd desy thanH.0%5, tROquantityrif etpaeat frymi n t he

G oup VI EOR Y TE A EREPSD DR e i St SFPOrar Bp 1079 R IR B ageous y
in the sddgequdabit 60thd telyntviting Bioup VIBhed del qientityluf thalefmienofrom peoupl ement
fromgro For an atom c o of t

Vi, ra e t al r nmetals) from group
VTl to VR @‘&Pta%‘t?ﬂlglﬁeﬁﬁéﬂﬂé’)mmr%ﬁq Ger{;’VI %S?%-%‘Vl(’mg’yr%{ﬁé i‘?) B8 e, 05,
t he quanéd'éﬁweg{oﬁh@agﬂém%ﬁ suover, VI B is 25 advantageously in the range
97.4%to 99.4% by weight as thé oxide equival ent of the el enment
For an atomic ratio of the metal (or metals) from group VIII to the metal (or metals)

from group VIB in the range 0.01 to 0.08, the quantity of element from group VIB is
20  advantageously in the range 96% to 99.4% by weight as the oxide equivalent of the element
from group VIB and the quantity of the element from group VIII is advantageously in the
range 0.6% to 4% by weight as the oxide equivalent of the element from group VIII.
For an atomic ratio of the metal (or metals) from group VIII to the metal (or metals)
from group VIB in the range 0.01 to 0.05, the quantity of element from group VIB is
25  advantageously in the range 97.4% to 99.4% by weight as the oxide equivalent of the element
from group VIB and the quantity of the element from group VIII is advantageously in the
range 0.6% to 2.6% by weight as the oxide equivalent of the element from group VIIL
For an atomic ratio of the metal (or metals) from group VIII to the metal (or metals)
from group VIB in the range 0.01 to 0.03, the quantity of element from group VIB is
30 advantageously in the range 98.4% to 99.4% by weight as the oxide equivalent of the element
from group VIB and the quantity of the element from group VIII is advantageously in the
range 0.6% to 1.6% by weight as the oxide equivalent of the element from group VIIL




fromgroup VIB and the quantity of the elenment fromgroup VIII is
advant ageously in the range 0.6%to 2,6% by wei ght as the oxi de equival ent

of the elenent fromgroup VIII. For an atomc ratio of the nmetal (or
metals) fromgroup VIIl to the netal éor metals) fromgroup VIB in the
range 0.01 to 0.03, the quantity of eFement fromgroup VIBis. 30

advant ageously in the range 98.4%to 99. 4% by wei ght as the oxide

equi val ent of the elenent fromgroup VIB and the quantity of the el ement

fromgroup VIIl is advantageously in the range 0.6%to 1.6% by wei ght as
t he oxi de equivalent of the element fromgroup VIII. 9 o- The catal yst of
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than 1.5% a Ies t han 8% nore preferably nore than 3% and |ess than
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i nvention rreart& gty tdfedo h@raahm,np@feraw flesspiirus; 8¢ bdvantagsouble dtrudﬂlyt ed for
t he reasons tgl ven above é{/ ting_ _decar boxyl ation/ deCﬁl’ bonyl tion
0

react i ongoreipay Heppdlespiien waﬁlﬁ‘é Ofﬂ\‘?é’ﬁtdF@ﬁOS Vith respachipdhe, St o

mai ”?19' Nsd 9¥e?érab@3oﬂx\51%f BP0 59§ mkih@ss tﬂ&%%,%&'n\(d%&i pfe‘f‘é?&ﬁlﬁnfo?é"ﬁﬁ@b%eanﬁour ce
whi ch™ i s advant ageously 90% or hi gher, preferably nore than 95% and nore
pr ef erable,f'lsﬂim&% haweighB% while maxim zing the yield of hydrodeoxygenat I on
product, i.e.~0of 90% or
hi gher, pref el;hgb 98’8@’(/?%9%{%% %ch%%&%bn\r,@ég g\rsgg{e g e?ﬁ 25 In
accor danfematidohof h:adesnvﬁeoﬂrbmn carc belimited dior dfe teh®nf @d:nbgbove by limiting

decarboxylation/decarbonylation reactions.

20 In the context of the invention, it is thus possible to maintain a total conversion of the
feed derived from a renéwable source which is advantageously 90% or higher, preferably
more than 95% and more preferably more than 98%, while maximizing the yield of
hydrodeoxygenation product, i.e. of deoxygenated products which advantageously remains
90% or higher, preferably 95% or higher and more preferably 96% or higher.

25 In accordance with the invention, conversion of the feed by
decarboxylation/decarbonylation is limited to at most 10%, preferably limited to at most 5%
and more preferably limited to at most 4%.

The hydrodeoxygenation reaction results in the formation of water by consumption of
hydrogen and to the formation of hydrocarbons with a number of carbon atoms equal to that

30  of the initial fatty acid chains. The feeds considered in the present invention mainly contain
even-numbered hydrocarbon compounds. This is a characteristic which is well known in
vegetable oils, oils derived from algae and fish oils which are principally composed of

triglycerides the hydrocarbon chains of which contain an even number of carbon atoms,




decar boxyl ati on/ decarbonyl ation is limted to at nost 10% preferably
limted to at nost 5% and nore preferably limted to at nost 4% The

hydr odeoxygenati on reaction results in the formati on of water by
consunption of hydrogen and to the f?%nation of hydrocarbons with a nunber
of carbon atons equal to that 30 of e initial fatty acid chains. The
feeds considered in the present invention mainly contain even-nunbered

hydr ocar bon conpounds. This is a characteristic which is well known in
vegetable oils, oils derived fromalgae and fish oils which are principally
conposed of triglycerides the hydrocarbon chains of which contain an even

nunber ofgeRpdllyGrondg BB CePrain@RE 6f Bithd ok Hafe Biroct®bh dhdind Bh@in@y ani mal
origin may have hydrocarhon chains containing 17 carbon atons anmpunting to
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selectivity of the reaction fo ydr genation reaction are
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persdh. providing dchess tddersekehiivity ¢flthe réactions fop dlsshyahr@iebxygenation abactibre are
selectivjty O 20 dr odeoxygenat.i on, reacti gns of. feeds derived from
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particul ar as, a,function of the atomc ratio of the nmetal (or netals)
from groﬁﬁé‘&}’vﬁl"gbﬂmf’w&t%?élfm? %8t al s) fromgroup VIB of said active

E)hase- : S;Jr pr Pﬁﬁiml ¥hus t B&nUSEow 18atCaE 8k YpdssiBRY itd) dcddfroRtREN Gldcalid 3f metal
or netals rom
20 hydrodeoxygenation reactions of feeds derived from renewable sources and to minimize the

decarboxylation/decarbonylation reactions as a function of the nature of the active phase and
more particularly as a function of the atomic ratio of the metal (or metals) from group VIII to
the metal (or metals) from group VIB of said active phase.
Surprisingly, the use of a catalyst having an atomic ratio of metal (or metals) from
25  group VIII to metal (or metals) from group VIB of said active phase and in particular the use
of a Ni/Mo atomic ratio strictly more than 0 and less than 0.095 means that the selectivity for
hydrodeoxygenation reactions can be controlled and enhanced; thus, the
decarboxylation/decarbonylation reactions can be limited and thus the problems caused by the
formation of oxides of carbon are limited.
30 Further, the increase in the quantity of the element from group VIII and in particular
nickel tends to favour the decarboxylation/decarbonylation reaction even though the

hydrodeoxygenation remains the major reaction. Thus, it has been demonstrated that the




25 group VIIl to netal (or netals) fromgroup VIB of said active phase and
in particular the use of a Ni/M atomc ratio strictly nore than 0 and

| ess than 0.095 neans that the selectivity for hydrodeoxygenation
reactions can be controlled and enhanced; thus, the

decar boxyl ati on/ decar bonyl ati on reactlbns can be linmted and thus the

probl ens caused by the formation of oxides of carbon are |imted. 30
Further, the increase in the quantity of the elenment fromgroup VIIlI and in
particular nickel tends to favour the decarboxyl ati on/ decarbonyl ati on
reacti on even though the hydrodeoxygenation renains the maj or reaction.
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feed, preferably in the range 70 to 2000 NrrB en/rrB of feed and nore
pr ef er ablis/injthe yahge }Mﬁ’géo 15 Pe.cprefspblyNpthe ranedrl Ng’ﬁ flbg ourlyspagse
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320C, andangt 70 to 2000 dinp hedrepaiih}ofi feed and more preferably in the range 150 to 1500 Nm
hydrogen/m® of feed.
20 The hydrodeoxygenation process of the invention is advantageously carried out in
fixed bed or ebullated bed mode, preferably in fixed bed mode.

In the case in which the hydrodeoxygenation process is carried out in fixed bed mode,
said process is operated at a temperature in the range 120°C to 450°C, preferably in the range
120°C to 350°C, more preferably in the range 150°C to 320°C, and still more preferably in

25  the range 180°C to 310°C. The pressure is in the range 1 MPa to 10 MPa, preferably in the
range 1 MPa to 6 MPa. The hourly space velocity is in the range 0.1 h'to 10h™ . The feed
is brought into contact with said catalyst in the presence of hydrogen. The total quantity of
hydrogen mixed with the feed is such that the hydrogen/feed ratio is in the range 50 to 3000
Nm? hydrogen/m’ of feed, preferably in the range 70 to 2000 Nm® hydrogen/m® of feed and

30  more preferably in the range 150 to 1500 Nm’® hydrogen/m® of feed.

In the case in which the hydrodeoxygenation process is carried out in ebullated bed
mode, said process is operated at an absolute pressure of 2 to 35 MPa, preferably 2 to 15 MPa
and more preferably in the range 3 to 10 MPa, at a temperature in the range 200°C to 450°C,
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20  which are difficult to upgrade; it also reduces the quantity of paraffins produced. In general,
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it is clearly vital to control the increase in temperature linked to carrying out the exothermic
reactions of the invention, both for safety reasons and for the sake of the overall yield of the
process.

Various techniques which are well known to the skilled person have been envisaged

25  for this purpose, notably the method described in patent WQ-2008/058664.

Advantageously, the feed may be pre-treated or pre-refined in advance in order to
eliminate, by an appropriate treatment, contaminants which are naturally present in bio-
liquids of renewable origin such as alkali metals, alkaline-earth metals and transition metals,
as well as nitrogen. Examples of appropriate treatments are thermal and/or chemical

30 treatments which are well known to the person skilled in the refining art.

Preferably, the optional pre-treatment consists of mild pre-hydrogenation of said feed

in order to hydrogenate the reactive unsaturated bonds. Advantageously, mild pre-

hydrogenation is operated at a temperature in the range 50°C to 400°C and at a hydrogen
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20 Preferably, the liquid effluent from the preceding optional gas/liquid separation then

undergoes separation of at least a portion and preferably all of the water formed, at least one
liquid hydrocarbon base, the water being produced during the hydrodeoxygenation reactions.
The aim of this step is to separate water from the liquid hydrocarbon effluent. The
term “elimination of water” means elimination of the water produced by the
25  hydrodeoxygenation (HDO) reactions. The more or less complete elimination of water is
advantageously a function of the water tolerance of the hydroisomerization catalyst used in
the subsequent optional step of the process of the invention. Water may be eliminated using
any method and technique known to the skilled person, such as by drying, passage over a
dessicant, flash, solvent extraction, distillation and decanting or by combining at least two of
30 these methods.
Optionally, a final step for purification of the various pollutants may be carried out
using methods which are known to the skilled person, such as steam stripping or nitrogen

stripping or by coalescence and/or a capture mass. A step for eliminating nitrogen-containing
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optional step of the process of the invention. Water nmay be elim nated
using any nethod and techni que known to the skilled person, such as by
dryi ng, passage over a dessicant, flash, solvent extraction, distillation
and decanting or by conbining at |east two of 30 these nethods.
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20  catalyst. The hydroisomerization catalysts used are advantageously of the bifunctional type,

i.e. they have a hydrodehydrogenating function and a hydroisomerization fanction.

Said hydroisomerization catalyst advantageously comprises at least one metal from
group VIII and/or at least one metal from group VIB as a hydrodehydrogenating function and
at least one molecular sieve or an amorphous mineral support as the hydroisomerization

25  function.

Said hydroisomerization catalyst advantageously comprises either at least one noble
metal from group VIII, preferably selected from platinum and pailadium, which are active in
their reduced form, or at least one metal from group VIB, preferably selected from
molybdenum and tungsten, in combination with at least one non-noble metal from group VIII,

30  preferably selected from nickel and cobalt, preferably used in their sulphurized form.

In the case in which the hydroisomerization catalyst comprises at least one noble metal
from group VIII, the total quantity of noble metal in the hydroisomerization catalyst is
advantageously in the range 0.01% to 5% by weight with respect to the finished catalyst,




Sai d hydroi sonmeri zation catal yst advant ageously conprises at |east one
nmetal from group VIII and/or at |east one netal fromgroup VIB as a
hydr odehydr ogenati ng function and at |east one nol ecul ar sieve or an
anor phous m neral support as the hydroi sonerization 25 function. Said
hydr oi sonmeri zation catal yst advantagebusly conprises either at |east one
noble nmetal fromgroup VIII, preferably selected from plati num and
pal | adium which are active in their reduced form or at |east one netal
fromgroup VIB, preferably selected from nolybdenum and tungsten, in

conbi nation wth at | east one non-noble netal fromgroup VIII, 30

pr ef er abl ected fro |, and,cobal t ef.era

sul phur i ?\E’eée% tﬁ‘? ’ﬁn%en(gl c?é%gﬁ’ibiéf Wﬁhgﬂlbdt‘ﬂ(gé ﬁ&éef%h?%g’%%lﬁaﬂ%(ﬁj%ﬁ t%%%%?’yst
conpri seswe@ghtleast one noble netal fromgroup VIII, the total quantlty of
nobl e net al énﬂ% hy\%@m sonerization catal yst is dvanta eo0 I n the
range 0.01% t%*e by Byrrolpaerization, satplysty CPIRBFSER P ct AFYASt™ 15

pref er abl Yeférﬁbl%fi'ﬁeHy@ﬂﬂ%nﬁnﬂa%h@atéiy’@t'@b{mﬁﬂeg htiiiif] more preferably in the

range O. %to % b % Pr ef er abl e hydroj soneri zation *crat al yst
¢

conpr¥ses pl aki fhﬁﬁ@ﬁ‘bm vueh G hlﬁ??*so%?f@ﬁ@ﬂa(’maib’s‘ Gomprisgrt bRg ORpIERLEPBN
catalyst @ AR 13 SorfifiioR Wit o 1ckl) ol RS nblal ik Brou VTiydle eadfyRdr zat | on

catal yst “co Ises at [ east one neta rom grou in conbination with
at | east nwtek finorgrougbVEB irethe hydrotsamepizstion satalyst is sdvarjegeansly yn e rangdtasl from

Ponge, ot e WG PHaR R RORRS 0GR 5B i o' o AERR CAGRR elraly h10°, |

fi n:c sheSflmah@e?ﬁ% toB5ed ey w(l;ig%tt ang h;ghﬂbpepm&_r@lattmOI?LéOtaogéBB‘i%ﬁby?:Q%blN:el@m? hi 1g:;h: y
prefera n r bt 0 i .10, an uan met a
from 8 quf’ %nafﬁ%al 4 BTPLp Q/f%[ %aﬁﬁggégdﬁgqvmg%ewﬁé%} g‘n%%“gx aag t he
OX![ dFyg ?mevcfcg(%g?mvﬂerﬁof? ﬁ%ttﬁqwm "é&gf?}m‘h‘“%l}m It@ﬁﬁeﬂlﬁshéd)ceﬁilﬁt) Ipée&?gl?g bl

cat a 0.t b

in the r#h er@s%?ﬁ%s%&awl Oreﬂféef F'otg%m gé"‘éﬁ%@ Biric
function may ﬁ@\q@@foaa%@euatﬁg nheMIBORHORE r@iytﬁvmﬁﬁgeduﬁﬁb@imﬁuddﬁ loﬂtg any

met hod which is known to the skilled person, such as co-m Xi n%
1X18n

i mpr egnatie gatalgyt using ﬂ@gﬁ’&ﬂ’%h"h@?}a %M’r@éhe skilled PerPBMERAS GO f er r ed
I tal yst t | t
i mpl ¢ mgﬂe%[& ’f%m“p‘w“.”"“?{%% Eglon catal yst conprises a eas one

anor phous 1 1 ydr oi sonerization function, said
anor phous i nier MCo@erp:powﬁh b?epx@rsél igplestntetiom wid hydroispmerizatien sHAYEI | | ceous

I fe
L e

amorphous mineral support being selected from silica-aluminas and siliceous aluminas,

preferably silica-aluminas.

20 In accordance with another preferred implement, said hydroisomerization catalyst
comprises at least one molecular sieve, preferably at least one zeolitic molecular sieve; more
preferably, at least one unidimensional 10MR zeolitic molecular sieve as the
hydroisomerization function.

Zeolitic molecular sieves are defined in the “Atlas of Zeolite Structure Types” by W

25 M Meier, D H Olson and Ch Baerloc;her, 5™ revised edition, 2001, Elsevier; the present
application also refers thereto. Zeolites are classified therein by the size of their pore or
channel openings.

Unidimensional 10MR zeolitic molecular sieves have pores or channels with an
opening defined by a ring of 10 oxygen atoms (10MR opening). The channels of a zeolitic

30 molecular sieve with a 10MR opening are advantageously unidimensional non-interconnected
channels which open directly to the outside of said zeolite. The unidimensional 10MR
zeolitic molecular sieves present in said hydroisomerization catalyst advantageously comprise

silicon and at least one element T selected from the group formed by aluminium, iron,
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20 sieve is selected from the zeolitic molecular sieves ZSM-48 and ZBM-30, taken alone or as a
mixture.
Highly preferably, said unidimensional 10MR zeolitic molecular sieve is ZBM-30 and

still more preferably, said unidimensional 10MR zeolitic molecular sieve is ZBM-30
synthesized with the organic template triethylenetetramine.

25 Preferably, the hydroisomerization cafalyst comprises an active metallic phase
constituted by platinum and a hydroisomerization function based on ZBM-30; preferably, the
hydroisomerization catalyst comprises a metallic active phase constituted by platinum and a
hydroisomerization function based on ZBM-30 synthesized with the organic template
triethylenetetramine.

30 ZBM-30 is described in patent EP-0 046 504 and the zeolite COK-7 is described in
patent applications EP-1 702 888 A1l or FR-2 882 744 Al.

IZM-1 zeolite is described in patent application FR-A-2 911 866.




20 sieve is selected fromthe zeolitic nol ecul ar sieves ZSM 48 and ZBM 30,
taken alone or as a mxture. H ghly preferably, said unidinensional | OW"
zeolitic nolecular sieve is ZBM30 and still nore preferably, said

uni di nensional 1OVR zeolitic nolecular sieve is ZBM30 synthesized with
the organic tenplate triethylenetetrahine. 25 Preferably, the

hydr oi soneri zati on catal yst conprises an active netallic phase constituted
by plati num and a hydroi soneri zation function based on ZBM 30; preferably,
the hydroisonerization catalyst conprises a netallic active phase
constituted by platinumand a hydroisonerization function based on ZBM 30

synthesized with the organic tenplate_ triethylenetetramne. M30 is
described in %@@@qm@pﬂ@cﬁs@mﬁg@ﬁ& daseribsd & y@t#ﬁ&@@%&eﬁ& in

pat ent ag,la!uéteét"r Be P MAZ, 888 AlsoR and Bh-BaclScher, 4 Abised &ditidn, 2€01i te is
described in patént dpplication FR-A-2 911 866. 17 Zeolites with structure

t ype TONEdgeswiedescribed in the work entitled "Atlas of Zeolite Structure

T " by W Mj ¢ ' +12 Gt 14 , 2001,
ypes = by dofite vﬁ %1%!1?% @rtp@ AR é@{?{&l{l@ Iﬁlg'ﬁ% work ! /%fg%vdf %?lﬁt@ @bt

El sevier. Zeolite ure type escri I n e work "Atl as
of Zebl i Typ&t ciiat abore; NU-TY pedite &5 desctibad ovpatenty ER-3-0 8651 #0caridsER1AY bed i n
patents %%’ A-0 065 400 and EP-A-0 077 624. Zeolite with structure type FER
i s descri é’d in the work "Atlas of Zeolite Structure Types" cited above.
The quantity Béolitenwith sereaire nek FERMR destibéd inctherplode (htias ofiZevlite iStructure

advant ag&ousl, .In. 10 the range 5% to 95% by wei ght, preferably in the
range 10%P% S6¥0Vei ght, nore preferably in the range 15%to 85% by

wei ght and hlhﬂllfélf Yuap fogr\ﬁﬂhﬁ?dsi@nilhﬂmﬂ?@ﬁgia(ﬁ%écﬁlaﬁ@%&e Byadwaitggedusiyi inh
respect to the finished catalyst. Prefer , said hy L soneri zation

cat all§st the B8% Srplei Tes by B! epre&sﬁﬁx i3 &eeé”@ymg tﬁoﬁ%by WA %at r i x.
Sai d bi n%gerﬁ:rém Ay AREALER St % bgw&%dm%wréﬁﬁp@ti@mef@gesmmb 8g% 15 sai d
hydr oi sofreri zation cafalyst. Preterably, shaping is carried out with a

bi nder cbpseightivishiresgectioa finished e#eldstni ng alumina in any of its forns
\é\'g In'? gi ﬁlr ﬁg kggpn@rge}ag}}{,] %ﬁ% §§Mﬁ?§ﬂﬁ@%5&9 Batal{Nt IRb YoRpi$des b M d4r coMstitited by RE M1 X
: ydr ol soneri zation catal ysts obtai ned are
advant ag@oress yirekeh prattix. riaid binderfroayradgdntageously be used during the step for shaping
15  said hydroisomerization catalyst.
Preferably, shaping is carried out with a binder constituted by a matrix containing
alumina in any of its forms which are known to the skilled person; highly preferably, with a
matrix containing gamma alumina.
The hydroisomerization catalysts obtained are advantageously shaped into the form of
20  grains with various shapes and dimensions. They are generally used in the form of cylindrical
or polylobed extrudates such as bilobes, trilobes, polylobes with a straight or twisted shape,
but they may optionally be manufactured and used in the form of crushed powders, tablets,
rings, beads or wheels. Techniques other than extrusion, such as pelletization or bowl
granulation, may advantageously be employed.
25 In the case in which the hydroisomerization catalyst contains at least one noble metal,
the noble metal contained in said hydroisomerization catalyst should advantageously be
reduced. A preferred method for reducing the metal is treatment in hydrogen at a temperature
in the range 150°C to 650°C and a total pressure in the range 1 to 250 bar. Asan example,
reduction consists of a constant temperature stage at 150°C for two hours then a temperature
30  ramp-up to 450°C at a rate of 1°C/min followed by a constant temperature stage of two hours
at 450°C; during the whole of this reduction step, the hydrogen flow rate is 1000 normal m? of
hydrogen/m® of catalyst and the total pressure is held constant at 1 bar. Any ex situ reduction

method may advantageously be envisaged.




20 grains with various shapes and di nensions. They are generally used in
the formof cylindrical or polylobed extrudates such as bil obes, tril obes,
pol yl obes with a straight or tw sted shape, but they may optionally be
manuf actured and used in the form of ushed powders, tablets, rings,
beads or wheels. Techni ques ot her thar extrusion, such as pelletization or
bow granul ation, nmay advantageously be enployed. 25 In the case in which
t he hydroi soneri zation catal yst contains at |east one noble netal, the
nobl e metal contained in said hydroi sonerization catal yst shoul d

advant ageously be reduced. A preferred nmethod for reducing the netal is
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of |ess 1ngmlF0to 50, gishly preferablyail tile raage 20056 fo £#695C. 184 apEasgie i@ nor e
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hydr pgenof fe@unt preferablf th thbakgd rffo tbydmm&ngabmrpevmﬁ efRed.atio is
advant ageouslr% In _the ran%e 70 .to 1000 NnB/nB of feed, in the range 100 to

1000 normal risefereblyytie epfionaliwrroimmenizatign siep apprafprdn 69 é‘f‘ré‘?“émof}el n the range
150 to 1000 nongR| , pRof 8@&5&9% dFehe IRr@donierigsh effficat %ﬁﬁh%nta@&@sl@pt i onal

hydr oi somer i zatlon Sstep operates in _co-current node. At |east portlon
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and in particular to recover hydrogen-rich gas which may also contain light gases such as the

20  C;-C4 cut and at least one gas oil and a naphtha cut. Upgrading the naphtha cut is not an aim
of the present invention, but this cut may advantageously be sent to a steam cracking unit or
the catalytic reforming unit.

Gas treatment and recycling
If necessary, at least a portion of the gas containing hydrogen which was separated

25  during the optional separation step deriving from the hydrodeoxygenation process of the
invention and/or from the optional hydroisomerization step is advantageously, if necessary,
treated to reduce its light compound content (C; to Cs).

The possibility exists of adding to the recycle gas deriving from the preceding optional
separation step a certain quantity of sulphur containing compounds such as DMDS

30  (dimethyldisulphide) which produces hydrogen sulphide HyS on thermal decomposition. This
device can if necessary maintain the hydroisomerization catalyst and/or the

hydroisomerization catalyst in the sulphurized state. Advantageously, the quantity of sulphur




under goes one or nore separation steps. The aimof this step is to separate
gas fromliquid, and in particular to recover hydrogen-rich gas which nmay
al so contain |light gases such as the 20 C1-C4 cut and at | east one gas oi
and a naphtha cut. Upgrading the naphtha cut is not an aim of the present
invention, but this cut may advantagel®usly be sent to a steam cracking unit
or the catalytic reformng unit. Gas treatnent and recycling If necessary,
at least a portion of the gas containing hydrogen which was separated 25
during the optional separation step deriving fromthe hydrodeoxygenati on
process of the invention and/or fromthe optional hydroi sonerization step
i s advantageously, if _npecessary, .treated to rgg ce its |light. coppound

cont ent FeEMARIgE eompoundhintigduced | gurh thalthe gpantifyrof 5%@66%9%%&% @@9@?% gas
deri vi ng1§ paHbY REluRE §FEELRNY aOlRist 019 by VoRRAY, 8f dveatdé«810.2% 9 WoRinfe. quanti ty of
sul phur contai ni ng conpounds such as DVDS 30 (dinethyldi sul phide) which
produces hydrddyantageengpireryclehzdrggen mey beintreleeshgibes withthe feedicgtegag fbee can i f
necessar [ j r@i ks ' t ;

nydr o; conTeBl ol priddd oP IRARiBE R GEUHOMT by BOUEALIANG S ) e
quant § t yinghe fominof guengigng i hetwgerctberhysiredeokygenagign eddelysts okthe mvemien t he
quantity_o a0 . sis at least 15 ppm by vol une,
preferabﬁyﬂgﬁgﬁggg¥&%g?£§@%ghéﬁﬁgne, or even at |east 0.2% by vol une.
Advant agBodsdtyobtzieelycl e hydrogen may be introduced either with the feed

entering the . hydrodeoxygenati on process, of .t he.inventi / e
opt i onal hydrgle%ﬂ&pfﬁ‘#ﬁ%ﬁusﬂ% e DEQcesssof ﬁe {REHB o8 OVgeglenc ie%‘éell%ydrogen
bet ween tHaeackeyighiod chivh\fo@iyah ieRdeliediqahlitg k& dilfbatkdie i nvention and/or the

hydroi soneri zation catal ysts. Products obtai ned The product supplied using
the Bocess of ¢ hdssHpEEeonient isdess i@ @PRiWVedibel | ent characteristics

whi ch 015 an exSElhak AR chie A8 146 396 by Wdighi,lsba W BllyirofigRECNt |5

| ess than 10 ppm by weig ts total aromatics content 1s’less than 5%
by wei ght, and t heopertysdesstani2sby weightent is | ess than 2% by weight; its
cetane index is excellent, at e than 55: ..its density is | ess than 840
kg/ n8, usually feétgc?tﬂ}gﬁmg’ﬁbs?gﬂ?ﬁf’ ail]‘gore?‘i‘ag 5(Sz’ol d properties are conpatible

with regul ations i démitgRilesd 120840 ki/hf aisuallpliesg gian 200kd/me; of | ess than -15C
and a cloud point of |ess than -5C. The follow n exam%l e sets oyt t he
i nvehtion wit hotit it5igeld pregerfiess axgcensepatible with regulations in force: a cold filter

plugging point of less than -15°C and a cloud point of less than -5°C.

The following example sets out the invention without limiting its scope.

Example
Hydrodeoxygenation: Comparison of performances of NiMoP/Al,O; catalysts with different
20  Ni/Mo ratios
50 mL/h of pre-refined rapeseed oil with a density of 920 kg/m? and a sulphur content

of less than 10 ppm by weight, with a cetane index of 35 was introduced into an isothermal
fixed bed reactor charged with 100 mL of hydrotreatment catalyst. 700 Nm?® of hydrogen/m’
of feed was introduced into the reactor maintained at a temperature of 300°C and at a pressure
25 of 5 MPa,
The principal characteristics of the rapeseed oil feed used in the process of the
invention are shown in Table 1.
The feed constituted by rapeseed oil contained triglycerides the hydrocarbon chains of
which principally contained an even number of carbon atoms. The chains containing an odd
30 number of carbon atoms in the initial feed (exclusively C17 for this oil) and the contribution
of the transformation products of hydrocarbons containing an odd number of carbon atoms,

C17:0 and Ci7:1 by the two reaction pathways, hydrodeoxygenation and




Exanpl e Hydr odeoxygenati on Conpari son of performances of N MoP/ Al 7U- A
catalysts with different 20 NiMvb ratios 50 ni/h of pre-refined rapeseed
oil with a density of 920 kg/ n8 and a sul phur content of |ess than 10 ppm
by weight, with a cetane index of 35 was introduced into an isothernal
fixed bed reactor charged with 100 m2bf hydrotreatment catal yst. 700 NiB
of hydrogen/nB8 of feed was introduced into the reactor maintained at a
tenperature of 300C and at a pressure 25 of 5MPa. The pri nci pal
characteristics of the rapeseed oil feed used in the process of the
invention are shown in Table 1. The feed constituted by rapeseed oi |

cont ai ne tr| cerjdes t hydr ocar bon ¢ ns._ of I
cont ai neg gi’)é ﬁggenyga?xm&.ayedgﬁergtrgwgr &R MRS @ COH} |fr%ggr§n odd 30
nunber otheg@dldwieedxmﬁoﬂmh)tdﬁ&a:bangl al feed (exclusively C17 for this oil)

and the contribution of the transfoin@%on products of hydrocarbons
contai ning an odd nunber of carbon a# Cl7:0 and C17:1 by the two

reacti ofi pat NWay Bropdiiés P eRG¥aggenat 1 on anéj 20 Values
decar boxyl ati on/ dprar bonylation werelvery mnor and were ignored-fgor the
cal cul ali ons of Elﬁefﬂ}ialendxmﬁnf even and odd hydrocarbons. Table 1
Eropert es of the E;&;ﬂnﬁ\/ﬁg El err;ent al anal ysis 0S kppm by w | 40 N [ ppm
y wt] 23 P [ppm 7 Cl[w 77.2 H[w %9 11.6 O[w 9% |11.2
Fatty ag¢i d conposi Nifppm bp4vt]14: 0 0. 1 16:0 5.0 16:1 B3 17:0 0.1 17:1 0.1
P [ppm by wt] 177
C [wt %] 77.2
H [wt %] 116
O {wt %] 11.2
Fatty acid composition (%)
14:0 0.1
16:0 5.0
16:1 0.3
17:0 0.1
17:1 0.1
18:0 1.5
18:1 trans <Q.1
18:1 cis 60.1
18:2 trans <0.1
18:2 cis 20.4
18:3 trans <0.1
18:3 cis 9.6
20:0 0.5
20:1 1.2
22:0 0.3
22:1 0.2
24:0 | 0.1
24:1 0.2
5 The catalyst NiMoP1 in accordance with the invention and used in the process of the

invention comprised 0.22% by weight of NiO, 21% by weight of MoOQ3 and 5% by weight of




18:0 1.5 18:1 trans <0.1 18:1 cis 60.1 18:2 trans < 0.1 18:2 cis 20.4
18:3 trans < 0.1 18:3 cis 9.6 20:0 0.5 20:1 1.2 22:0 0.3 22:1 0.2 24:0
0.1 24:1 0.2 5 The catalyst NNMoP 1 in accordance with the invention and
used in the process of the invention conprised 0.22% by weight of NO 21%
by wei ght of MbO8 and 5% by wei ght of2R1 P205 supported on a gamma

al um na, The catal yst Ni MoP1 had an atomc ratio Ni/M equal to 0.02. The
Ni MoP2 catal yst of the invention used in the process of the invention
conprised 0.54% by weight of NNO 21% by wei ght of MbG3 and 5% by wei ght
of P2Cb supported on a gamma al um na. The catalyst Ni MoP2 had an atomic

ratio Ni ual ,to 0.05. The catal s | not in accordanc vmth
the i nveﬁwﬁﬁ’gﬁmd QB a&RBR %%&%’t Yﬁ?@%ﬁ A g etogie TN /Wi\ﬁélﬁ

conpri seg @@f/o'bhéwmfcaﬁfystW@i m@%l&’uéé@'irgﬂﬁé pRtesPadhe aiventtbnZd hsedvvel ght
of N O di sper sed on al um_na support. The catalyst N MP3

had an aPSfveby veehtef Ni‘@ W‘V@@uwgle@féflqps f SVl Veigltof Rofeupparicd ops/ p

wei ght g&hﬁa WRihinkse Athe €4 Bﬁt@l‘iMoPiQadT&eat&H:@Qﬁfotm&@% A W% %at%ﬁpar ed by
dry inpr ation of oxide precursors in solution then in sit .

sul phfir i XavlpBh nat maw@@@ape? with the ipfenggo@doised for compasison icthe 9@9@?@ Oéﬂ@t r ai ght
run gas e I %I{gqiy SidioR

( DNVDS) . V’%%t{rO% &) %H ﬁgﬁ za?d%ﬁ)/ ?ﬁb eegglli}{n?f'?;zgn er pr/%égiéur ki he feed
derived Nn@rdw@em@hwablsems@meaé aluming suppatte dhb atalystelSidal 3diad aeafomniched i n
Table 1 reactor. 15 In order to nmaintain the catalyst in

t he sul pwﬁ@fﬁﬁf@g‘) g‘t B‘%'50 ppm by wei ght of sul phur was added to the feed
in the form dhtlial\fE)Secddasj&reMMEwmctatloMasmpﬂcmnsm t he DVDS was

corrpll(? tely deﬁor?ggoeﬁ%dtcgt ygtrs rrv]verrrgtppe%gr%d %y dry mS1pregnat10n of oxide precursors in

solution then in situ sulphurization at a temperature of 350°C prior to the test using a straight
run gas oil feed supplemented with 2% by weight of dimethyldisulphide (DMDS). After in
situ sulphurization in the unit under pressure, the feed derived from a renewable source
constituted by rapeseed oil described in Table 1 was sent to the reactor.

15 In order to maintain the catalyst in the sulphurized state, 50 ppm by weight of sulphur
was added to the feed in the form of DMDS. Under the reaction conditions, the DMDS was
completely decomposed to form methane and H,S.

The method for preparing the catalysts does not limit the scope of the invention.
The results obtained for the catalysts NiMoP1, NiMoP2, in accordance with the

20 invention, and NiMoP3, not in accordance with the invention, are shown in Table 2.




The nethod for preparing the catal ysts does not
The results obtained for the catalysts NiMoP 1, N MP2, i
in accordance with the
are shown in Table 2. 22 Table 2 Ni MoP1 Ni MoP2 Ni MoP3 N/ M
Tenperature [C] 300 300

i nvention.
accordance with the
i nvention,
atonic ratio 0.02 0.05 0.4 Operating?

20 i nventi on,

and N Mo

ondi

P3, not

tions:

limt the scope of the

n

300 Pressure [MPa] 55 5 112/feed [NnB/nB] 700 700 700 Sul phur content

[ ppm by

Deoxygenat ed product yield [wt
%9 96.8 92.8 82 Decarb selectivity** [odd HC*, wt

wt

wt] 50 50 50 Results: Tot

al

HC odd HC [wt %wt % 30 13 4.6 * vyi el.fl%lo
yields of _odd HC = C15- C23 hydrocar bons”

conversion of feed [wt
%4 100 100 100 HDO** selectivity [even HC,

4 3.2 7.2 18

% 100 100 100

Even

even HC = Cl4- C24 hydrocar bons;
* Selectivity with respect to

paraffinic effl uent S pr oduced Ve seHdesIHt undévioPhe sarre Nidd®Bi on
condi ti ¢n € tapeseeg—b—oi t-he—tse—of
cat al yst (R ars “‘f B in accordgr%e Wit hbof(?’?e i nventl oﬁ“’?hus rgsul t ed
in the Wghly ggk gc\gﬁdﬁl&{snatl on [of nore tjhan 90% by wei ght of (CI4 to
C24) hydrocar bons contai ning an even nunber of carbgn atons and | egs than
10% by \wi ght ofleppgafue REB) ~ hydrjocaPBBns [cont¥Wni nd an odd0hunber |of
carbon atoms. Th o MoPI and Ni MgP2 ciat al st s df the igvention, i.e.
with a Ni/M atomc 03r tio strijctly noreg than O and | ess than O. C95 not
only al [ows tot ﬁh/f@éﬁ)b}lg{@h]ati on (|deox9@enat i or708r odyct yi el7@0 = 100%) , but
al so al fows lectivifty tg, be kepthigh{ for t
hydrodeoxyqe%’g?rfu%g&?égg S’s&‘t a selectivityl, 1 g@ a_gonversion of the feed
by hydfodeoxygenaResuits: of 96. 8% gnd 92. 8%/f or Ni MoP1 and N MoP2
respectivel and t hus t he co rsijon of .the|feed b
decar bokyl af‘%t%]ﬁpﬂ’gﬁséqnﬁ’c.f)ﬁ?fl?‘f’f Bh, . qégr edcti o915 del ect | 599 y for
decar bo yllygokygulﬁappmmt\yibm[wo%]react itjoms of 3.1@% and 7. 2% nespecti dely for
Ni MoP1 and N.MP2.
HDO** selectivity [even HC*, wt %] 96.8 92.8 82
Decarb selectivity** [odd HC*, wt %] 3.2 7.2 18
Even HC/odd HC [wt %/wt %] 30 13 4.6
* yields of even HC = Cy4-Cy4 hydrocarbons; yields of odd HC = C;s-Cy3 hydrocarbons;
** Selectivity with respect to paraffinic effluents produced.
We see that under the same reaction conditions and for total conversion of rapeseed
5  oil, the use of catalysts NiMoP1 and NiMoP2 in accordance with the invention thus resulted
in the highly selective formation of more than 90% by weight of (Cy4 to Cp4) hydrocarbons
confaining an even number of carbon atoms and less than 10% by weight of (Cis — Cz3)
hydrocarbons containing an odd number of carbon atoms.
Thus, the NiMoP1 and NiMoP2 catalysts of the invention, i.e. with a Ni/Mo atomic
10  ratio strictly more than 0 and less than 0.095, not only allows total deoxygenation
(deoxygenation product yield = 100%), but also allows the reaction selectivity to be kept high
for the hydrodeoxygenation reactions (a selectivity, i.e. a conversion of the feed by
hydrodeoxygenation, of 96.8% and 92.8% for NiMoP! and NiMoP2 respectively) and thus
limits the conversion of the feed by decarboxylation/decarbonylation, i.e. a reaction
15  selectivity for decarboxylation/decarbonylation reactions of 3.2% and 7.2% respectively for

NiMoP1 and NiMoP2.

This thus involves on the one hand the greater production of paraffins containing a

higher number of carbon atoms and on the other hand a substantial limitation on the formation
of oxides of carbon (CO and CO;).




This thus involves on the one hand the greater production of paraffins
containing a higher nunber of carbon atons and on the other hand a
substantial limtation on the formation of oxides of carbon (CO and CQ2).
23 The yields by weight were obtained by gas chronatographrc anal ysi s of
the liquid reaction effluents that caf’ be upgraded as fuel in a manner
which is known to the skilled person. Separation of effluent fromthe

hydr odeoxvnenation step 5 All of the hydrotreated effluent fromthe

hydr odeoxygenati on process of the invention was separated in order to
recover hydrogen-rich gas and a liquid gas oil base Hydr oi soneri zati on of
hydr odeoxygenat e ffluent deri ved om_separ st

hydroisonerizib?dﬁ 3&?5”?@?‘*ﬁeoﬁ F%%gd%%rlg at i caagﬁ §¥8f&%lmucatalyst
cont ai ni rgaction effluentsretiat barabedumggradtd asuﬁhurmeasnannal wHiEVR Kibvin30 thedlilldgde. Thi s
catal yst was obtained using the operating procedure described bel ow. The
ZBM 30 zd&6FPte was synthesized in accordance with BASF's patent EP-A-0 046

504 Wi t h deh@ainGABiucitdi @t Bydrédeokybehapakepr ani ne. . The as-synt hesi zed
ZBM 30 zeol i te _underwent cal cl.ni ng_ at 550 ‘n a stream of P’r&% air . for 12
0 O

hours5 The H Alp{itsdydiogpsteckeiflagt R VGERpAR Brogess; inveptiq® of 45.
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Condea- Sasol . The mxe past e vvas then extruded t ough a 1 4 rrmdl anmet er
die. Thels soanerisation afs : ilnent de atign ir The

H ZBM 30 h&@ ;oQgﬁmeﬁéﬁﬁ&?&ttal%L‘? S 20% bywerght - Next — t he support extr udat es
under we ion step using an aqueous solution of the

pl at i num sal t Tht hinkBisdiBerjzat@Hcatalyftewas wheatalysh dontpiging a watmrnatai @nd $tep in a
wat er, ,mat urat or. f r(ﬁfRQﬁﬂI i ci ned
for H&o ﬁglynmmwu% 1 arr |n%gq%?g%2r§%%(%§gg &ééggﬁy%? np- up
5C/ mn). pT&bedumedghﬁbed(balbernﬂheZBM -30 zeolite was syﬁthesfzna‘nwwmmme adﬂ;lsBASQfSt er
calcinin ffluent bt d.after dro

rapeseed E[%At'(ﬁéaﬁp?@ ‘?rg’t”ﬁ“e pil%ep egg[eg?tyg Cf'g eﬁ%e%\?\n th the

inventi orz)Bmaa ZBlilE QhdepNEt cdiEidingidt B50°CSh dyn@ann @ dry am f®. 1zrmmrs: efmedted) over
t he catal yst in a hydrai sonerizatiQ reactormt;irltlder the foll

oper at i n A |ZF916"?1§‘°“1 fopg) qbiainedhed ¢St )fl’eéﬁ‘/"\ﬂf dret g geqlify a'r%weaamh) —1 h"t
(rp t &3l R@EAhA PO sBSfsS by eoncﬁQ-st’M T Hiked ﬁ&@%&m dx@hidd:thré@h nor mal

iitres/lrtre The tenperature was adjusted so that the conversiaon of the
| 50C+ fr ack4 o tir@mph@dte The extrudates obtained were calcined at 500°C for 2 hours in air.

The H-ZBM-30 weight content was 20% by weight. Next, the support extrudates underwent

a dry impregnation step using an aqueous solution of the platinum salt PH(NH;)s**, 20H; they
then underwent a maturation step in a water maturator for 24 hdurs at ambient temperature
20 then were calcined for two hours in dry air in a traversed bed at 500°C (temperature ramp-up
5°C/min). The weight content of platinum in the finished catalyst after calcining was 0.48%.
The effluent obtained after hydrodeoxygenating rapeseed oil in the presence of the
NiMoP1 catalyst (in accordance with the invention) was hydroisomerized with lost hydrogen
(i.e. not recycled) over the catalyst C1 in a hydroisomerization reactor under the following
25  operating conditions:
o HSV (volume of feed/volume of catalyst/hour) = 1 nt;
o total operating pressure: 50 bar;
e hydrogen/feed ratio: 700 normal litres/litre.
The temperature was adjusted so that the conversion of the 150°C" fraction to the
30 150°C fraction was less than 5% by weight during hydroisomerization. Before the test, the
catalyst underwent a reduction step under the following conditions:
o hydrogen flow rate: 1600 normal litres per hour per litre of catalyst;

o temperature ramp-up from ambient to 120°C: 10°C/min;




.30 150C fraction was |ess than 5% by wei ght during hydroi sonerizati on.
Before the test, the catalyst underwent a reduction step under the

foll owi ng conditions: o hydrogen flow rate: 1600 nornmal litres per hour per
litre of catalyst; (r) tenperature rg‘ﬂp up fromanbient to 120C. 10C m n;
24 o0 constant tenperature stage for hour at 120C, o tenperature
ranmp-up from 120C to 450C at 5C/ mn; o constant tenperature stage for two
hours at 450C, o pressure: | bar. 5 The hydroi sonerized effluent was then
characterized.. The yields and the fuel properties are recorded in Table
3. Table 3 Yield (Wt % Characteristics of product (T = 350C, P = 50 bar,

H2/ HC = 700 NL/L 7cu i,el C cut yield [t 94 15
150C+ yiel d cut %& %S‘a"ge"lp /‘3/ e Toriot pitks o 1E ( ASTVDB12) e Pl ter

pl uggi ng poi nt e Cremplebatdid iap-tif foNQ0ESS 406°C h6°C/mpgnt i on can produce
excellent quality gas oil base which satisfies specifications that are
in force. 25 CtAICREtaI’tteAlpﬁﬁaB’é’e%effWrtwﬁg’ﬂ%GM Vigenati on of feeds derived
fromrenewabl e so;bge%gﬁ conversion by decarboxyl ati on/ decarbonyl ation
limted to at nos % u5| ‘ng a bulk or supported catalyst conprising an
acti vé phase Bnbydroisarestizhy efflueheaws thave chdrastesined. 5 Wom%ﬁ cngd e Huelnd at

| east ong E%]rﬁgseﬁérec&ﬁgﬂ ﬁrﬁ%ﬂ3\/| 1, said elenents being in the sul phide

form an e B o the net al (or metals) fromgroup VIII to the
nmet al (or nmet al s) from group VIB beil‘ll;leStrlctIy rmre than O and | ess than
0. 095, satd PHo€e§s 1 \(7 cared—out—at—a—t €] n —H—the—+ ange 120C
to 450C| at a presgi?g Wi%)the range || MPa to °9ﬁal°safpf8ﬂ“°ﬁour| y dpace
velocity in the range 0.1 h"I to 10 1¢ dIH350°@,rId~EOlbéthz/HO%’ﬂ)mmf a total
gquantit y—o drogen h the féed h—t-ha , dratio
isin the rangeCfB 71°B”3§6©‘”Nﬁ13 of hydiogen/n8 of feeé.
150°C- cut yield [wt %] 15
150°C+ yield cut (diesel) [wt %] 85
Cetane index (ASTMD613) 75
Cold filter plugging point (°C) -15

Thus, the process of the invention can produce excellent quality gas oil base which

10 satisfies specifications that are in force.




2. A process according to claim1l1, in which the active phase of said
catalyst is <constituted by at | east one elenent fromgroup VIB, said

el ement fromgroup VIB being nol ybdenum and at |east one elenent from
group VIIl, said elenent from 15 groug VI11 being nickel. 3. A process
according toclaim1 or claim2, in wiPch the atomic ratio of the metal (or
nmetals) fromgroup VIII to the rretal (or netals) fromgroup VIBis in the
range 0.01 to 0.08. 4. A process according to claim3, in which the atomc
ratio of the metal (or netals) from 20 group VIII to the netal (or netals)
fromgroup VIBis in the range 0.01 to 0.05. 5. A process according to
claim4, in which the atomc ratio L metal (or netals) from group
VIIl to the nmetal (or nmetals) fromgdgroup VIBis in the range 0.01 to 0.03.
6. A prockss &cparekls rfgr hpdrodeexydenatioai ofsfeddst dertved iflommenewatld sowmtesnwith r at i o
Ni/Mis in the ran .O to 0.03. .25 7. A.process acc neof
clains 1to 6°°?vr‘?rs\’lﬁ?l ?féWE%WPBFVTbSPY‘S%@é‘RB%WZmO § %H{S&Fra%‘r\ r oup
VIBis :j n L he ok @mﬁrtd:c%a&ﬂysge%ﬂws;r)@mhv $\plidse b?ﬁﬁﬁfbﬂ HyCat dagt dn@tei?dmenf: at a: yst
mass and the quantit e of the elenent fr VI | sstrlcty
nmore % han 0% \QZ%’?Q ﬁ‘éﬁ”i@a@/ﬁ“ﬁf ?W&W%)ﬁ@&%ﬂ%igm?’g% intBe ¢ he
total catal ys'%ulﬂﬁﬁ@ forfh, af e QERHE rﬁ{é(?&rtﬂé ﬁﬁta! (erﬁ@alé)ffr&ﬁ 3tdtp VL@ tile 1N

whi ch said cat aeﬁ’ist contai ns a quantity tﬁhosphorus which is
strictly nore MeH formgdndroeggup NE3 beng ﬁyc%mgm &yl lews than0995vjegd,
respect to th%r&c@sfs%lemg%%'e&%ﬁtdmﬁén e%ﬁme%x e rifp8986% BU304EiPg pigsupne Of
clainms | to 8, he converS| on ecarboxyl ation/ decanon | ation

of the feed denthee@gﬁrld\ﬁ’ar@rﬂé»MBa,@ts@mtc <sphas Velogity Bgthe rangaf.1dpsto Mo  10.

A di t

A Pr eSS 2ot dbgil e lofd i Rudulo Ruobfba AL R RLPRERRLS

or 9, in whi clhedgilgpribetstio lmdanmgedomomNrﬁmfhydrugdnaneﬁfMd 12. A
to one ,of |mslt i n_ whic the ef.f,l f.rom

process cor u
hydr odeo ‘gengt Pg]r‘iesﬁn‘?fg?raglésma 2, 1y g o"fpéjlggﬁa?cé’tvf % & Saig ¢ 5‘? &5%1681 y a
step for 10 gﬁﬁhiutddLbydatS%%ﬂbﬁﬁ éleierarftbni gfoup NABS me&me@mﬁmﬁ gt@ipeviBand at
| east one qu rocarbo A cess ac g,to claim12, in
which a step PeiE st grﬁ"%*’éb%’i‘? elged A group i, Seldeténbent s
15 group VIII being nickel. :
3. A process according to claim 1 or claim 2, in which the atomic ratio of the metal (or

metals) from group VIII to the metal (or metals) from group VIB is in the range 0.01

to 0.08.
4. A process according to claim 3, in which the atomic ratio of the metal (or metals) from
20 group VIII to the metal (or metals) from group VIB is in the range 0.01 to 0.05.
5. A process according to claim 4, in which the atomic ratio of the metal (or metals) from

group VIII to the metal (or metals) from group VIB is in the range 0.01 to 0.03.

6. A process according to one of claims 1 to 5, in which the atomic ratio Ni/Mo is in the
range 0.01 to 0.03.
25 1. A process according to one of claims 1 to 6, in which the quantity of oxide of the

element from group VIB is in the range 1% to 30% by weight with respect to the total
catalyst mass and the quantity of oxide of the element from group VIII is strictly more
than 0% and less than 1.5% by weight of oxide with respect to the total catalyst mass.
8. A process according to one of claims 1 to 7, in which said catalyst contains a quantity
30 of phosphorus which is strictly more than 1% and less than 8% by weight of oxide
P,0s with respect to the total catalyst mass.




conpounds fromsaid |iquid hydrocarbon base is carried out after said

opti onal

step

for separating water. 15 14. A process according to one of
claims 1 to 13, in which at least a portion of the liquid hydrocarbon base

obtained fromthe step for elimnating6éorganic nitrogen-containing
conpounds is hydroisonerized in the presence of a hydroisonerization

cat al yst.

hydr oi someri zati on

15.

A process according to one of clainms | to 14, in which said
catal yst conprises a netallic active phase constituted

by platinumand a 20 hydroisonerizing function based on ZBM 30.
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9.

10.

11,

12.

13.

14.

15.

A process according to one of claims 1 to 8, in which the conversion by
decarboxylation/decarbonylation of the feed derived from renewable sources is limited
to at most 4%.

A process according to one of claims 1 or 9, in which said process is carried out in a
fixed bed.

A process according to one of claims 1 or 9, in which said process is carried out in an
ebullated bed.

A process according to one of claims 1 to 11, in which the effluent from
hydrodeoxygenation undergoes at least one separation step, preferably a step for
gas/liquid separation and for the separation of water and at least one liquid
hydrocarbon base.

A process according to claim 12, in which a step for eliminating nitrogen-containing
compounds from said liquid hydrocarbon base is carried out after said optional step
for separating water.

A process according to one of claims 1 to 13, in which at least a portion of the liquid
hydrocarbon base obtained from the step for eliminating organic nitrogen-containing
compounds is hydroisomerized in the presence of a hydroisomerization catalyst.

A process according to one of claims 1 to 14, in which said hydroisomerization
catalyst comprises a metallic active phase constituted by platinum and a

hydroisomerizing function based on ZBM-30.




