1 TWO-STEP HYDROTREATMENT OF A FEED DERIVED FROM A RENEWABLE SOURCE

- USING A FIRST, METALLIC, CATALYST AND A;SECOND, SULPHURIZED, CATALYST Field of
the invention 5Scarcity and the increase in cost of oil products are driving the search for
substitutes. In this context, products from biomass occupy a choice position. Currently, the use of
biomass is orientated mainly along two paths: the bioester path which transfoims vegetable oils into
methyl esters before incorporation into the gas oil pool, and the ethanol path, which transforms
sugars and starch into ethanol or ETBE (ethyl tertio-butyl ether) before 10 incorporation into the

gasoline P& -STER Ay DRO IR BAXMIEDTE Q16 As HEIE Bi dERd YHD rR SN Wi dHEDORABEEvith fossil
fuels and thequﬁ go ' i?ﬁ' estifsignifi b |39ﬂr4pg,|lat ﬁﬂ@ﬁ@\ﬁ@ﬁd. Further,
according to the experts, ﬂiﬁﬁa\,g;g& ity 6&%%?%%@ Iaé will not é%gw more than 10% of the
current consumption of fuels to be SIOHBEHIRIBEDs §mvRstl.¥&Iproduction of high purity normal
paraffingWhigh §aNReMssY in various industries such as the food industry or the petrochemicals
industry involves much lower tonnages than those required for fuels. Furthermore, the production
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a number of carbon atoms In the range 6 to 25, preferably in the range 10 to 24 and preferably
intendebiforasseip esthnition whipds oibog ikeropeths: the .ﬂvmstelasp@cwhhél im@ﬁﬂﬁnsm@ma_
brocesIRithe hiidrsteRiudotrainsial adeaialved b go%lf%awl@é)mﬁwg%%msmgr
a)a first step, termed a mild pre-hydrogenation step, operating in the presence ofa 25 first,
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operating at'a temperature in the range 50C to 3 a partial pressure of hydrogen in the range
0.1 to 191\Egh sathparad Wishfysspduelsandditgoasrahly odesyseinichnteeastid Ogniticenidiscaind 30

b) a second.step, te %91 second treatment step, operating in the presence of a second,
sulphurglzed, cataalys??:&omg%fsing an active hydrodehydrogenating phase constituted by at least one

non-noble metairthem gm,rﬁin!gl ﬁ@ﬁh#@@ﬁi@aﬁh@maﬂ@ﬂimmﬁ qiitiyptabis tand aﬁthrMs
mlneraln%&gqﬂgh 9%%}4&% %gﬁ% 5@@9&;&8 e mgﬁ {@gg&l%ggge 0 450C, at a pressure in the

range 1 MPa to 10 MPa, at an hourly sp velocity over the catalyst in the range 0.1 h to 10 h and

whgrein the toltal epuéuasity thihyhdipsiomotebighitiutity feedielspatafifies. twbiely dasgba-wedad ratio is
in the r@Qg&?Qﬁﬁu%g%g 'éli‘c‘r? 8; QHQ%QS%&&W ocff tfl?ee g'etrochemicals industry involves much
lower tonnages than those required for fuels. Furthermore, the production of such products
may prove to be more profitable than that orientated towards fuels.
Thus, the invention described herein comes into the context of producing high purity
20  normal paraffins, with a number of carbon atoms in the range 6 to 25, preferably in the range
10 to 24 and preferably intended for the production of gas oil or kerosene. ‘
In one aspect, the invention provides a process for the two-step hydrotreatment of a
feed derived from a renewable source, comprising:
a) a first step, termed a mild pre-hydrogenation step, operating in the presence of a
25 first, metallic, catalyst comprising an active hydrodehydrogenating phase
constituted by at least one metal from group VIII and/or at least one metal from
group VIB and an amorphous mineral support, operating at a temperature in the
range 50°C to 300°C, at a partial pressure of hydrogen in the range 0.1 to 10 MPa,
and at an hourly space velocity over the catalyst in the range 0.1 h! to 10h?; and
30 b) a second step, termed the second treatment step, operating in the presence of a
second, sulphurized, catalyst comprising an active hydrodehydrogenating phase
constituted by at least one non-noble metal from group VIII and/or at least one

metal from group VIB and an amorphous mineral support, operating at a



50ne advantage of the invention is that it can provide a concatenation constituted by a first,
metallic, catalyst which is selectively more active n hydrogenation, which allows an operation at
lower temperatures during this step, followed by a second, sulphurized, catalyst which can
maximize the hydrogenation yield. Description of the invention A two-step process for the
hydrotreatment of a feed derived from a renewable source has now been discovered, comprising:
a)a first step, termed a mild pre-hydrogenation step, operating in the presence of a first, metallic,

catalyst comprisingrmapeagtive iEdaBY dREengtingabagecoastitied A% atlsast o wefg! from

group VIl and/or at least one metal from 15 group VIB and an amorphous mineral support,

operating at a temfiefatiiRoRby Etge viesty Supchacxabytial theaanarddds hf?/dﬁbbéhgl ife range
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second step, termed the second treatment step, operating in the presence of a second,
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mineral support, operating at a temperature in the range 200C to 450C, at a pressure in the range

1 MPa t&¥'0 RSt catahvt rihishn te seldetinstn ermmactivaijshidipgcratioe. Ovhideliow and
wherein fieatRialausnditehfudrags ke it edeed da sychiishihedphyiagendsyieed ratio

is in the ra_r%ﬁe 50 to 1000 Nm3 of hydrogen per m3 of feed. In"accordance with step a) of the
procesS" i th&anRRHBHZ ¢ HRerredrogeratien yilly st comprises an active hydrodehydrogenating

phase gyaeitpiamh kY aldeastassmmetal from group VIII and/or at least one metal from group VIB,
the metal from group VIII preferably being selected from nickel and cobalt, palladium and platinum;

mdte preferabfy HRESHREIGFEH 56 Brobltaissmmta! arfasthdarstdl fiumagiengyehis rwieerably

selecteﬂafggmgéypgm@ﬂ%gﬁgﬁgggg more preferably, the metal from group VIB is
molybdenum.  Advantageously, combinations of the following metals are used:

nickel-mol%denLﬂ’rﬁéﬁé@Bb%ﬂWél?ﬁnglﬂ?ﬁ‘hydmgenaﬁon step, operating in the presence of a
first, metallic, catalyst comprising an active hydrodehydrogenating phase

constituted by at least one metal from group VI and/or at least one metal from
15 group VIB and an amorphous mineral support, operating at a temperature in the
range 50°C to 300°C, at a partial pressure of hydrogen in the range 0.1 to 10 MPa,

and at an hourly space velocity over the catalyst in the range 0.1 h™ to 10h™; and
b) a second step, termed the second treatment step, operating in the presence of a
second, sulphurized, catalyst comprising an active hydrodehydrogenating phase
20 constituted by at least one non-noble metal from group VIII and/or at least one
metal from group VIB and an amorphous mineral support, operating at a
temperature in the range 200°C to 450°C, at a pressure in the range 1 MPa to 10
MPa, at an hourly space velocity over the catalyst in the range 0.1 h”' to 10 h!
and wherein the total quantity of hydrogen mixed with the feed is such that the

25 hydrogen-to-feed ratio is in the range 50 to 1000 Nm® of hydrogen per m® of feed.
In accordance with step a) of the process of the invention, the first, metallic, catalyst
comprises an aétive hydrodehydrogenating phase constituted by at least one metal from group
VIII and/or at least one metal from group VIB, the metal from group VIII preferably being
selected from nickel and cobalt, palladium and platinum; more preferably, the metal from
30 - group VIII is nickel, and the metal from group VIB is preferably selected from molybdenum
and tungsten; more preferably, the metal from group VIB is molybdenum. |
Advantageously, combinations of the following metals are used: nickel-molybdenum

and cobalt-molybdenum.



3 In accordance with a highly preferred implementation of step a) of the process of the
invention, said first, metallic, catalyst employed in’the first step, said mild pre-hydrogenation step,
comprises an amorphous mineral support and an active hydrodehydrogenating phase constituted
by at least one metal from group VIII, the metal from group VIII being nickel. 5 The quantity of
metal from group VIII, noble or non-noble, is advantageously in the range 0 5% to 20% by weight,
preferably in the range 5% to 10% by weight with respect to the total mass of catalyst. The quantity
- of metal from gro I t } | % 10 20% b ight, prefer in the
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20 an amorphous mineral support.

In accordance with a preferred implementation of step b) of the proéess of the
invention, said second, sulphurized, catalyst comprises an active hydrodehydrogenating phase
constituted by at least one non-noble metal from group VIII and/or at least one metal from
group VIB, the non-noble metal from group VIII preferably being selected from nickel and

25  cobalt; preferably, the non-noble metal from group VIII is nickel, and the metal from group
VIB is preferably selected from molybdenum and tungsten; preferably, the metal from group
VIB is molybdenum.‘
In accordance with a highly preferred implementation of step b) of the process of the
invention, said second, sulphurized, catalyst used in the second step, termed the second
30  treatment stép, comprises an amorphous mineral support and an active hydrodehydrogenating
phase constituted by at least one non-noble metal from group VIII, fhe non-noble metal from
group VIII being nickel, and at least one metal from group VIB, the metal from group VIB

being molybdenum.



A preferred second, sulphurized, catalyst employed in step b) of the process of the invention
advantageously comprises a nickel oxide (NiO) céntent in the range 0.5% to 10% by weight,
preferably in the range 1% to 5% by weight, and a molybdenum oxide (Mo03) content in the range
1% to 30% by weight, preferably in the range 5% to 25% by weight on an amorphous mineral
support, the percentages being expressed as a % by weight with respect to the total mass of
catalyst.  In accordance with a preferred implementation of step b) of the process of the

invention, said second, sulphurized, catalyst comprises at least one doping element selected 15
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is addefidadiattessdrcdiseglly to the reactor.  Examples of a sulphur-containing compounds
which may be_cited a:s? dimethﬁdisu ide (DMDS), carbon d%:ulphige (CS2), organic
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from group VIII bei ickel, and the second step, termed the second treatment step, which is
operaté?f%}{ﬁlé é%}%é%?%%&ﬁﬁ&?&hgﬁﬁﬁ? getelystiyst comprising an alumina support and an

active hydrodefhyddegiigaiion d@haseycansiitdied Ry dd eass areORtonab e Mmetaddrereferoiy VIl
and ate)ea t one metal from group VIB, the noq)—lnob(lg metal from group VIII beir;f% nickel and the
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irthe deplieatmed @resessaafiiteiaygagon are advantageously constituted by oils and fats of
animal or vegetable origin, or mixtures of such feeds, containing triglycerides and/or fatty acids
and/or esters: &gﬁf%%&f&%e%ﬂﬁm% R B RiAE et at iRy ifﬂfefﬁ?)r&rfiﬁ?ﬁ“fe 5

partialintefities, 08sid second, sulphurized, catalyst comprises an amorphous mineral support
selected from the group formed by alumina, silica, silica—alumihas, magnesia and clays, used
alone or as a mixture. Said support may advantageously also comprise other compounds such
25  as, for example, oxides selected from the group formed by boron oxides, zirconia, titanium

oxide and phosphoric anhydride, used alone or as a mixture.
Highly preferably, an alumina support is used, and still more preferably an m, & or y

alumina support.

In accordance with step b) of the process of the invention, said second catalyst is a
30 sulphurized catalyst; thus, it is advisable to maintain it in contact with a partial pressure of
H,S which is sufficient to prevent desulphurization in the presence of hydrogen at the reaction

temperatures. To this end, and in a conventional manner, hydrogen sulphide or at least one



20 derived from the following plants: rapeseed, sunflower, soya, palm, palm-nut, olive, coconut; this
list is not limiting. Possible fats which may be cite® are any animal fats such as lard or fats
composed of residues from the food industry or derived from the restaurant industry.  The feeds
defined hereby contain triglyceride structures and/or fatty acids and their esters, with fatty chains
containing in the range 6 to 25 carbon atoms. 25These feeds are practically or completely free of
sulphur-containing and nitrogen- containing compounds and do not contain aromatic hydrocarbons.
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undergo a'step for pre-freatment or pre-refining in order to eliminate, by means of an appropriate
treatmesiepcsatkdedriartis &echoadimetialéy dikatiag@ompounds, alkaline-earths 30 and phosphorus,
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band detixtteesinfsadhffaedsd containing triglycerides and/or fatty acids and/or esters. Possible
vegetable oils which may be included are unrefined or completely or partially refined oils
20  derived from the following plants: rapeseed, sunflower, soya, palm, palm-nut, olive, coconut;
this list is not limiting. Possible fats which may be cited are any animal fats such as lard or
fats composed of residues from the food industry or derived from the restaurant industry.
The feeds defined hereby contain triglyceride structures and/or fatty acids and their
esters, with fatty chains containing in the range 6 to 25 carbon atoms. '
25 These feeds are practically or completely free of sulphur-containing and nitrogen-
containing compounds and do not contain aromatic hydrocarbons. _
Advantageously, prior to the two-step hydrotreatment process of the invention, the
feed may undergo a step for pre-treatment or pre-refining in order to eliminate, by means of
an appropriate treatment, contaminants such as metals, alkaline compounds, alkaline-earths
30  and phosphorus, for example over ion exchange resins.
Examples of appropriate treatments are heat treatments and/or chemical treatments

which are well known to the skilled person.



The first step for treatment of said feed consistin%of mild pre-hydrogenation is 30 intended to
saturate the double bonds contained in the hydrocarbon chain of the fatty acids of the feed, in order
to prevent secondary reactions of the double bonds such as, for example, polymerization reactions
leading to the formation of coke or gums This first, pre- hydrogenation, step is advantageously
operated in the presence of the first, metallic, catalyst 7 described above at a temperature in the
range 50C to 300C, preferably in the range 50C to 200C and more preferably in the range 100C to

200C, and at drpacticddaresssit of fysfieageridipibadanganm bt MPaytMRent Ihechauslyspace
velocity.over the catalyst is in tge r@nge 0.1 lid tg{ 1Q If . 5The quantity of hydrogen consumed
during tREHiRPpF @ﬁ%ﬁoﬁ%g RSB RS S A BSI3E F9R5 R Eight SR S5 With
respectpe-haifegehation biatathisen0Feasn thysibinsl awibshdy eohydredenaionyairRdthtiethiarosght into

contact jn g second step far tfreatment of said feed with the seco ulphurized catalyst described

above, Ui THCe tPféﬁﬁeﬁﬁeﬁewﬁsfﬁ%a&}gﬁéwgmgﬁméﬁ{%ﬂé At Pawgepif‘ge?@?ﬁas #50C, 10
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the rangeéIZ MPg)to 6 MP?(.)The hou\rﬁl%/ space, velocity over the catalyst is in the ra 0.1111to0 10
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of hydrégenisaxeshwitiedie feedysrsoadhaithe satie eidystiagen ieiferddsprihabigngead to 1000

Nm3 of rogen per.m3 of feed, preferably in the 15 range 100 to 500 Nm3 of hydrogen per m3 of
feed. Tﬁ@%ﬂ?&ﬁeﬁ?% SUtRBtIR G ffrﬁ@geaédﬁ%ﬁ%?&&%@aibfcaﬁﬁﬁm@%ﬁ@@é%q?&% by
weight prgkersisiget éast@jnidipiieester fusiensecond step for treatment of the feed, carried out
under more seyere operating conditions than those of said first step for mild pre-hydrogenation,
aﬁ\gantageous%‘%a‘i’l}%fﬁﬁ’é’ﬁ‘gé Ay ETO JXAEARETPOR SPRERSFEY AT EsHM e TRIBAS CahtafAed in the
20 hydrgesudatzn chain of the fatty acids of the feed, preferably at least 80%, more preferably at
least 90% and still more preferably at least 99% of the ester functions.,  The presence of ester

functions is demchs AR EHedHIFYAliPs SRRt e ) mrafB I adhe Mveatilp S diANdWSst a
portion, preferably ali.9fdakvdsetseateefi usatliomifedwendte B2 hymbaataechangcess of

the invention then undergoes one or more separation steps.
: The measured value is thus expressed in mg of I bound to 100 g of product.

15 Applied to fatty acids, the iodine value is, for example, 90 for oleic acid, 181
for linoleic acid and 274 for linolenic acid. The iodine value is measured for
the methyl esters of vegetable oils (MEVO) using the standard method
EN 14111. Other standard methods which may be cited are the ASTM D 1959
and ASTM D 5554 methods.

20 o The bromine index or bromine number is measured using potentiometry. The
bromine index is applicable for contents of less than 1000 mg/100g of product,
using the standard ASTM D 2710. The bromine number concerns assaying by
potentiometry for contents of more than 1 g/100 g of product, using the
standard ASTM D 1159. \

25 The presence of ester functions is demonstrated usiﬁg an infra-red spectrometry
method. The principle of the method resides in the presence of an infra-red band specific to
the ester function. The hydrogenation of ester functions thus results in disappearance of the
specific band detected in the infra-red.

The first step for treatment of said feed consisting of mild pre-hydrogenation is

30 intended to saturate the double bonds contained in the hydrocarbon chain of the fatty acids of
the feed, in order to prevent secondary reactions of the double bonds such as, for example,
polymerization reactions leading to the formation of coke or gums. This first, pre-

hydrogenation, step is advantageously operated in the presence of the first, metallic, catalyst



The aim of this step is to separate the gas from the liquid, and in particular to recover hydrogen-rich
gas which may also contain gases such as carbon monoxide (CO), carbon dioxide (CO2) and
propane, and at least one liquid hydrocarbon effluent constituted by at least 50% by weight of
straight chain n-paraffins, preferably at least 80% by weight, more 30 preferably at least 90% by
weight and still more preferably at least 98% by weight of straight-chain n-paraffins and with a
number of carbon atoms in the range 6 to 25.  The measurement of the quantity of paraffins

(normaléggég{')fga ggge Harafférn% |scaﬁé|e]%r(é)jgu$rovgqa3%ggnatqﬁg hic r:@ﬁ%tlggnd I%b&g&?upled

a
with a mass spectrometer es acces’spfo ua Ies 0] eflns

naphth&88Gandaromegtictc{BIONA thnatyeis ).00°CAodOtie) afidrat aymeiaiquessdrd ofihgdiogdmo-step
processk{q § g{gr a}trlgﬁ%t %flfﬁ‘?\% deﬁ{ fro rfne\t/\ﬂ,agé;g go(l)J‘;ge g{ ?%t[la proltsz%ﬁhof bt?r}%rl“ﬁnuon

IS containe ydrocar on effluen portion prefera
advantélgbbugwgbbarated from the hydrocarbon liquid effluent. Thus, separatlon may be followed

step for eé:gé%%%g g gfﬁxg/atee% Consa'he |xturetﬁlf hﬁﬂ (P é ngﬁ bon mo%omde

), carbon opane WHhIC |s Separated van agec?uss1y ungergo
treatmemgw&l@% dod t(nbmdxghmfﬂmisb@mdwpérsﬂpdd eilthen&&el carbon monoxide (CO) and

carbon d'ox'd%ﬁggﬁu%‘gi? eparate the hy rnac%d%ge%;r;)n the g th| Iatt ra vant ously

being able to be sent to a steam crac |ng eam crac que |e gas
ExamplestcondStesp H)rTveatstay diyshidtfeedrmetit the aderd delphed fed) rcataityet@bd:elmmbeseﬁ 1)

First, hydrogenati n, st A fixed bed aof 40 g of mild pm-hydro n
basednglrl?ﬁ%% Xogn ﬁutrrrrwll%ng con teislgl)%ll %/\?\?elg%etmge?gi Hgls tﬁa}é g@p@g wggée tced,
wag chargethhioia st Et@eQé’@ﬂ@ututéﬁlOB@ a Eectwessinic ishiactte eamgeljliSHRhtcopl OVidRa,

oI ERPION 0 S e RSP R SRR e
acid glyeagel8s Matue 16 ity Thaifedh lb)bmghummmmact with the catalyst in the presence of
hydrogen. The total quantity of hydrogen mixed with the feed is such that the ratio of
hydrogen to feed is in the range 50 to 1000 Nm® of hydrogen per m’ of feed, preferably in the
15 - range 100 to 500 Nm?® of hydrogen per m° of feed. The hydrdgen consumption during this
second step is typically in the range 2% to 3% by weight with respect to the initial feed.

Said second step for treatment of the feed, carried out under more severe operating

conditions than those of said first step fbr mild pre-hydrogenation, advantageously
~ accomplishes hydrogenation of at least 50% of the ester functions contained in the
20 hydrocarbon chain of the fatty acids of the feed, preferably at least 80%, more preferably at
least 90% and still more preferably at least 99% of the ester functions.

The presence of ester functions is demonstrated using the infra-red spectrometry
method described above.

At least a portion, preferably all, of the hydrotreated effluent from the two-step

25  hydrotreatment process of the invention then undergoes one or more separation steps.

The aim of this step is to separate the gas from the liquid, and in particular to recover
hydrogen-rich gas which may also contain gases such as carbon monoxide (CO), carbon
dioxide (CO,) and propane, and at least one liquid hydrocarbon effluent constituted by at least
50% By weight of straight chain n-paraffins, preferably at least 80% by weight, more

- 30 preferably at least 90% by weight and still more preferably at least 98% by weight of straight-
chain n-paraffins and with a number of carbon atoms in the range 6 to 25.
The measurement of the quantity of paraffins (normal paraffins and iso-paraffins) is

carried out using a chromatographic method. It is coupled with a mass spectrometer. This



016:0 4 Palmitoleic 016:1 <0.5 Stearic 018:0 2 Oleic C18:1 61 Linoleic C18:2 20 Linolenic 018:3 9

Arathidie 020:0 g

method also provides access to the quantities of olefins, naphthenes and aromatics (PONA
analysis).
A portion of the water formed during the two-step process for hydrotreatment of feeds
derived from renewable sources of the process of the invention is contained in the liquid
5  hydrocarbon effluent and at least a portion thereof, preferably all, is advantageously separated
from the hydrocarbon liquid effluent. Thus, separation may be followed by a step for
elimination of the water.
The mixture of hydrogen gas (Hs), carbon monoxide (CO), carbon dioxide (COy) and
propane which is separated may then advantageously undergo treatments which are known to
10 the skilled person to eliminate carbon monoxide (CO) and carbon dioxide (CO;) and separate
the hydrogen from the propane, this latter advantageously being able to be sent to a steam
cracking furnace dedicated to steam cracking liquefied gas.
Example 1
Step a) Two-step hydrotreatment of a feed derived from renewable sources
15 1) First, mild pre-hydrogenation, step

A fixed bed of 40 g of mild pre-hydrogenation catalyst based on nickel on alumina

containing 15% by weight, calculated as the nickel and pre-reduced, was charged into a first
stage constituted by a reactor which had been adjusted to provide isothermal operation. 100
g/h of prerefined rapeseed oil with the composition given below was sent over this fixed bed.

20 Table 2: Composition of feed derived from renewable sources

Fatty acid glycerides Nature of fatty chain % by weight
Palmitic Cl16:0 4
Palmitoleic Cl6:1 <0.5
Stearic C18:0 2

Oleic C18:1 61
Linoleic C18:2 20

Linolenic C18:3 9

Arachidic C20:0 <0.5

Gadoleic C20:1 1
Behenic C22:0 <0.5
Erucic C22:1 <1




<0.5 Gadoleic 020:1 | Behenic C22:0 <0.5 Erucic 022:1 <1 9 100:1 NTP of hydrogen per litre
of feed (NTP = normal temperature and pressurewas introduced at 150C at a pressure of 4 MPa.
After separating out the excess hydrogen, a mixture of glycerides was obtained at a yield of very
slightly above 100%. The pre-hydrogenated effluent contained the same chains as the starting feed
in which the double 5 bonds had been almost completely hydrogenated. The resulting hydrogen
consumption was of the order of 0.9% by weight with respect to the feed. 2)Second feed treatment

step The pref Ixture f is fi ep was sent direct| inJ jrety to a
second reactori ?ﬁ%ﬁ%ﬁ%ﬁ%ﬁ%oﬂﬁ%?ﬁg%f:%ér%[lt'OnS an%ﬁ%ﬁ%??ﬁéﬁ%@%%&’%é%ﬁ%o 89¢
of a cataiesidigncthet SE¥ERU deecbtessumentt $tfPasaid et abrstradmgprisite schgesobiedrpgengenating
phase cgnstitut ' a an Vi nigkel oxi nfaRns of 4:3% hy weight
and a m%%%%%r%}n%}ég%%n%gp (g[%fiq%?? vygelg toglnglg? a%r%ltn gﬁ%%%r{,ﬁgé)cg@é %aving
been sulpiagzoated SETluaT PoofdiR b ddivenst tbethwas fhtrotiuceel faed ihisvigeletthrendairitieined at
3OO>C A3 LR r@e@ti élM&%c%%&g%g}p ﬂyt%%%%ﬁ%&odn Oltheeffrlléls%rl] JEH}E}(? é’ef? )consumption was
of the order of 0.9% by weight with respect to the feed.

2) Second feed treatment step

The pre-hydrogenated mixture from this first step was sent directly and in its entirety
to a second reactor functioning under isothermal conditions and with a fixed bed charged with
10 89 g of a catalyst for the second feed treatment step, said catalyst comprising a
hydrodehydrogenating phase constituted by nickel and molybdenum and having a nickel
oxide content of 4.3% by weight and a molybdenum oxide content of 21.5% by weight on an
alumina support, the catalyst having been sulphurized. 150: 1 NTP of H; per litre of feed was
introduced into this reactor maintained at 300°C at a pressure of 4 MPa.
15
Step b): Separation of effluent from step a)
The whole of the hydrotreated effluent from step a) of the process of the invention was
separated in order to recover éhydrogen—rich gas and a paraffinic liquid hydrocarbon effluent
which was separated from .the water produced. The yields obtained are indicated in the table

20 below:

Table 3
Compounds Yields (wt Y%/feed)
CO 0.42
CO, - 353
Ci 0.10
G, 0.12
cG 321
Cq 0.03
Cs : 0.05
Paraffinic liquid hydrocarbon effluent 85.7
- HO 8.52
Total 101.68
H, consumed (wt %/feed) 1.68




The whole of the hydrotreated effluent from step a) of the process of the invention was separated in
order to recover a hydrogen-rich gas and a paraﬁf ic liquid hydrocarbon effluent which was
separated from the water produced. The yields obtained are indicated in the table 20 below: Table
3 Compounds Yields (wt %/feed) CO 0.42 CO2 3.53 CI1 0.10 C2 0.12 Q 3/1 C4 0.03 C5 0.05

The paraffinic hydrocarbon liquid effluent obtained thereby was analyzed using gas
chromatography coupled with a mass spectrometer: it was constituted by 98% by weight of

n-paraffins with a number of carbon atoms of 6 to 25 and 2% of Cy7 to Cy iso-paraffins.
More than 95% of the n-paraffins were Cy6 to Cop.



Paraffinic liquid hydrocarbon effluent 85.7 H20 8.52 Total 101.68 H2 consumed (wt %/feed) 1.68
10  The paraffinic hydrocarbon liquid effluent dbtained thereby was analyzed using gas
chromatography coupled with a mass spectrometer: it was constituted by 98% by weight of
n-paraffins with a number of carbon atoms of 6 to 25 and 2% of C17 to C21 iso-paraffins. More
than 95% of the n-paraffins were C16 to C22 11 CLAIMS 1. A process for two-step hydrotreatment
of a feed derived from a renewable source, comprising: a)a first step, termed a mild
pre-hydrogenation step, operating in the pres&q&qﬁsa 5first, metallic, catalyst comprising an active
hydrodehydrogenating phase constituted by at least one metal from group VIII and/or at least one
metal frbm gropiBsarigratvanstsiphodeowrrarentsohpolecdperitndgienma terperallfeSitffe range
50C to 300C, @5&%%@! pressure of hydrogen in the range 0.1 to 10 MPa, and at an hourly space
velocity over the catalyst in the range 0.1 h-1 to 1011-1; and 10 b) a second step, termed the
second tre@imentesfep, Bppréempdhaineildresehrdrefcaaiuppgpsansriingt haarrserehPiising an

active hyarodenygogenating b kAR UGN A! iRaskAve nRiaRRl dRsiahdia g VIl

and/or at least one metal from group VIB and"an amorphous mineral supgort, operating at a
temperature in theazstigeitbdL ablasdonarneistdsem eipthd s/ pnapletst poe metal from

group VIB and an amorphous mineral support, operating at a temperature in the
range 50°C to 300°C, at a partial pressure of hydrogen in the range 0.1 to 10 MPa,
and at an hourly space velocity over the catalyst in the range 0.1 h' to 10h?; and
10 b) a second step, termed the second treatment step, operating in the presence of a
second, sulphurized, catalyst comprising an active hydrodehydrogenating phase
constituted by at least one non-noble metal from group VIII and/or at least one
metal from group VIB and an amorphous mineral support, operating at a
temperature in the range 200°C to 450°C, at a pressure in the range 1 MPa to 10
15 MPa, at an hourly space velocity over the catalyst in the range 0.1 h'lto 10h™ and
wherein the total quantity of hydrogen mixed with the feed is such that the
hydrogen-to-feed ratio is in the range 50 to 1000 Nm® of hydrogen per m’ of feed.

2. A process according to claim 1, in which said first, metallic, catalyst comprises an
active hydrodehydrogenating phase constituted by at least one metal from group VIII

20 and/or at least one metal from group VIB, the metal from group VIII being selected
from nickel and cobalt, palladium and platinum, and the metal from group VIB being
selected from molybdenum and tungsten.

3. A process according to claim 2, in which said first, metallic, catalyst comprises an
active hydrodehydrogenating phase constituted by at least one metal from group VIII

25 and/or at least one metal from group VIB, the metal from group VIII being nickel and
the metal from group VIB being molybdenum.

4. A process according to one of claims 1 to 3, in which said first, metallic, catalyst
comprises an amorphous mineral support and an active hydrodehydrogenating phase
constituted by at least one metal from group VIII, the metal from group VIII being

30 nickel. |
5. A process according to one of claims 1 to 4, in which the quantity of metal from group

VI is in the range 0.5% to 20% by weight with respect to the total mass of catalyst



15 MPa, at an hourly space velocity over the catqb/st in the range 0.1 h-1 to 10111 and wherein the
total quantity of hydrogen mixed with the feed is such that the hydrogen-to-feed ratio is in the range
50 to 1000 Nm3 of hydrogen per m3 of feed. 2. A process according to claim 1, in which said first,
metallic, catalyst comprises an active hydrodehydrogenating phase constituted by at least one
metal from group VIl 20 and/or at least one metal from group VIB, the metal from group VIl being
selected from nickel and cobalt, palladium and platinum, and the metal from group VIB being
selected from mndlyizdgmunitand tusgshem groyphdBeasiachording O5&aio2BYrbwhicighsaidtlirst,
metallic, catalyst comprise active rodehydrogenating phase constituted by at least one
metal from grgﬁf)p\eﬁ?llgég%%ﬁ)g opgﬁiggs%é%r&ﬂmetal from group VIB, the metal from group VIl being
nickel afd the metatésnaagradiny kB beengf mliylxdéntons, 4n Avhiciceskl dictrdegiiccongadyslaims 1
to 3, in which scglg firsts metallic atalyst.con]prises ﬁn m r&hﬁgs mline{gfllsu%oorgna&diﬁn active
hydrodehydrogengf?rsla p asee s‘f}flsjtléldnl%/aats}lé)gg ofe eta r(r)nmagur%lup Vil ,ctﬁe Metal from
grofip VIII beirduatinickel. 5. A process according to one of claims 1 to 4, in which the quantity of
metal fr9m gro/gp VIILis in thec{.ange 0.5% 0% b \{veiﬁht Wit%ir%s%aeé)t to th tota}I u%szs(f)f
catalyst 12 an ﬁ{gcfﬁ%r?tclﬁ? 0 Hrlﬁe{gl ?Pgmogr%ﬁ%n@l IS inthe ‘r)‘én(ée Bos 1620 b welgehf with
respect to the ¢otalystassnpiicaiadysichvhyrroddsyd oogenlifigd plse obdtitnisdlbiy 8, leasvloich said
first, metallic, catalyst.comprjses an amo. us,mineral support selected from ina, silica and
silica- 5a|umin%?r)ff}/%%%rgg:%%is%%%lo%% @%?%do/ E:I%a%lrﬁgsi %’e : i%a\iv ich %?3%3}(:%(% esﬂ?pr)ﬁurized,
catalyst comprisbk anetut tivenhycropl 8Hjidseimpgratintepfase niokstitntbcobylbarndabe orstahfmmoble
metal from group VI /or at least.one metal from group VIB, the non-noble metal from group VI
be?iélg selectedgﬁgé)l %%1%?13%&9% 5_ and 5 b‘%é’lugrioarﬁl Blé]ﬁaéﬁeﬁl VIB being selected from
molybd&num angeceysteccddibgrocelatradeardinkich ¢heimor-inbdickithemon-grobe ViBtad from

group VIl is nirﬁléﬁllan%tttﬁe rrggtg Iér%rln roug%ﬁl?sirsnr?qléte)denum. 9. A process according to one of

claims 1to 8, 1n whichsalg S&con S r(J)HBrized, caf)aK/ ggnn%prises an amorphous mineral support
and an @active Aydrocahysttogdiaiing kb piadeiconstitoitd lnyvetiikdastidnscoominsliighnreel, from

T L A
whith the totapharentibnaftowidds oftneisl siiko rogmolis YA&aarfebl |giovgaidIse dbadisuiphlrized,
catalystis in tkr‘r?e{eﬂn@gm group VIII being nickel, and at least one metal from group VIB, »the metal

from group VIB beiﬁg molybdenum.

10. A process according to one of claims 1 to 9, in which the total quantity of oxides of
metals from groups VIB and VIII in said second, sulphurized, catalyst is in the range

20 5% to 40% by weight with respect to the total mass of catalyst.

11. A process according to one of claims 1 to 10, in which said second, sulphurized,
catalyst comprises a quantity of nickel oxide (NiO) in the range 0.5% to 10% by
weight with respect to the total mass of catalyst, and a quantity of molybdenum oxide
(Mo0s) in the range 1% to 30% by weight with respect to.the total mass of catalyst, on

25 an amorphous mineral support.

12. A process according to one of claims 7 to 11, in which said second, sulphurized,
catalyst comprises an amorphous mineral support selected from the group formed by
alumina, silica, silica-aluminas, magnesia and clays, taken alone or as a mixture.

13. A process éccording to claim 12, in which said support is an alumina support.

30 14. A process according to one of claims 1 to 13, in which the first step is operated in the
presence of a first, metallic, catalyst comprising an alumina support and an active
hydrodehydrogenating phase constituted by at least one metal from group VIII, the
metal from group VIII being nickel, and in which the second step is 6perated in ithe



205% to 40% by weight with respect to the total mass of catalyst. 11. A process according to one of
claims 1 to 10, in which said second, sulphurized, tatalyst comprises a quantity of nickel oxide
(NiO) in the range 0.5% to 10% by weight with respect to the total mass of catalyst, and a quantity
of molybdenum oxide (Mo03) in the range 1% to 30% by weight with respect to the total mass of
catalyst, on 25an amorphous mineral support. 12. A process according to one of claims 7 to 11, in
which said second, sulphurized, catalyst comprises an amorphous mineral support selected from

the group formeddaycalwhnaessiich, stilistanased)ican] yagnestiagtaalaltoiakesupioncat am a
mixture. 13. A process accarding to claim 12, in which said support is an alumina support. 30 14. A
process accor(%ﬁaﬁfo 3?% %%lé'é% RS Py Wh‘f&?ﬁ%ﬁ&t??s%%Pf&%%ﬁ&?ﬁ@&"ﬁ?&%%%@ 8 of a
ConStiuted by gt st o ot o orous VI s AL o ot VI beng mekel st
constituted by st one metal from gro , the rom gro eing nickel, and in
which the secoentI StepEd ggéi&f@dt%‘f fﬁgta&ll%%?e%r@HBg} ﬁi?@%é’ﬁﬂ, ﬁgﬁﬁ'ﬁﬁized, catalyst
corfiprislisg an Alyinarsappert prdas actyelifgdiodebysiieganatingphasd:congtiutee Rydat least

one non-noble meta fﬁpm %rou)gevnll)and at least ope metal from group VIB, the non-noble metal
from group VIFBaYSG HidRel ARl AR i G Bl e e FEn{Rriaxs yiem, or

hydrotreatmenmjnogessandr déagsiocontiafgaimsyidadtd afdwhithiha-fee dsddarisge frema
renewable source oils and f f animal or vegetable origin, or mixtures af sych feeds
containing trigly/c er%’z% %%sdp&s?g}%; &8 Hﬂﬁf/té?eéis?érg?@g gt g%ttz%f@##é ﬁgﬁ%lﬁabiﬁ?ﬁds
unrefined or compigily etgactiely wfintdesaitifeedatoanidiving gl eaddstetsubitees angyor fatty

acid structure d esters thereof with 10fatty chains containing in the range 6 to 25 carbon atoms.
(ig Sfa%{'y cﬁams conta{nlngv}ln the rangBeI g to 25 carbon ator%s. g





