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TWO-STEP HYDROTREATMENT OF'A FEED DERIVED FROM A RENEWAtsLE

SOTIRCE USING A FIRST, METALLIC, CATALYST AND A SECOND,

SULPIIURI ZED. CATALYST

Field of the invention

Scarcity 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 transforms 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

incorporation into the gasoline pool. Currently, the production costs of such bioproducts are

still high compared with fossil fuels and they are only of economic interest if significant fiscal

initiatives are provided.

Further, according to the experts, the availability of cultivatable land will not allow

more than 10% of the current consumption of fuels to be produced.

In contrast, the production of high purity normal paraffins which can be used in

various industries such as the food industry or the petrochemicals 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

normal paraffins, with a number of carbon atoms in the range 6 to 25, preferably in the range

I0 to 24 and preferably intended for the production ofgas 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

first, metaliic, catalyst comprising an active hydrodehydrogenating phase

constituted by at ieast one metal from group VIII and/or at least one metal from

goup VIB and an amorphous mineral support, operating at a temperature in the

range 50oC to 300oC, at apartial pressure of hydrogen in the raîge 0.1 to 10 MPa,

and at an hourly space velocity over the catalyst in the range 0.1 h-t to 10 h-l; and

b) a second step, termed the second treafrnent 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

30

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

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 pool. Currently, the production costs of such bioproducts are still high compared with fossil
fuels and they are only of economic interest if significant fiscal initiatives are provided.      Further,
according to the experts, the availability of cultivatable land will not allow more than 10% of the
current consumption of fuels to be produced. 15In contrast, the production of high purity normal
paraffins which can be used in various industries such as the food industry or the petrochemicals
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 50C to 300C, 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  2  temperature in the range 200C to 450C, 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 hydrogen-to-feed ratio is
in the range 50 to 1000 Nm3 of hydrogen per m3 of feed. 
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temperature in the range 200"C to 450oC, 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-l to l0 h-l 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 p"r m3 of feed.

One advantage of the invention is that it can provide a concatenation constituted by a

first, metallic, catalyst which is selectively more active in hydrogenation, which allows an

operation at lower temperatures during this step, followed by a second, sulphurized, catalyst

which can maximizethe 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 first step, termed a mild pre-hydrogenation step, operating in the presence of a

first, metallic, cataiyst comprising an active hydrodehydrogenating phase

constituted by at least one metal from group VIII andlor at least one metal from

goup VIB and an amorphous mineral support, operating at a temperature in the

range 50"c to 300"c, at apafüalpressure of hydrogen in the range 0.1 to 10 MPa,

and at an hourly space veiocity over the catalyst in the rarìge 0.1 h-l to 10 h-l; and

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 andlor at least one

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

temperature in the range 200"C to 450oC, 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-l to 10 h-l

artd 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.

h accordance with step a) of the process of the invention, the first, metallic, cataiyst

comprises an active 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

goup VIII is nickei, 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.

a)

b)

5One advantage of the invention is that it can provide a concatenation constituted by a first,
metallic, catalyst which is selectively more active in 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 comprising an active hydrodehydrogenating phase constituted by at least one metal from
group VIII and/or at least one metal from 15 group VIB and an amorphous mineral support,
operating at a temperature in the range 50C to 300C, 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 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 200C to 450C, 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 25hydrogen-to-feed ratio
is in the range 50 to 1000 Nm3 of hydrogen per m3 of feed. In accordance with step a) of the
process of the invention, the first, metallic, catalyst comprises an active 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. 
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In accordance with a higtrly preferred implementation of step a) of the process of the

invention, said first, metallic, câtalyst 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.

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 5o/o to l0% by weight with respect to

the total mass of catalyst. The quantity of metal from group VIB is advantageously in the

range 0.5% to 20% by weight, preferably in the range 7o/o to 17% by weight with respect to

the total mass of catalyst.

ln accordance with a preferred implementation of step a) of the process of the

invention, said first, metallic, catalyst used in the first step, said mild pre-hydrogenation step,

comprises an amorphous mineral support selected from alumina, silica and silica-alumina.

In accordance with the process of the invention, a first step, termed the mild pre-

hydrogenation step, is carried out in the presence of a 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 and is followed by a

second step, termed the second treatment step, which is carried out 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.

ln accordance with a preferred implementation of step b) of the process of the

invention, said second, sulphurized, catalyst comprises an active hydrodehydrogenating phase

constituted by at least one non-noble metal from group VIII andlor at least one metal from

group VIB, the non-noble metal from group VIII preferably being selected from nickel and

cobalt; preferably, the non-noble metal from group VIII is nickel, and the metal frorn group

VIB is preferably selected from molybdenum and tungsten; preferably, the metal from group

VIB is molybdenurr^.

In accordance with a highly preferred implementation of step b) of the process of the

invention, said second, sulphurized, cafalyst used in the second step, termed the second

treatment step, comprises an amorphous mineral support and an active hydrodehydrogenating

phase constituted by at least one non-noble metal from group VIII, the non-nobie metal from

group VIII being nickel, and at least one metal from group VIB, the metal from group VIB

being 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 group VIB is advantageously in the range 0.5% to 20% by weight, preferably in the
range 7% to 17% by weight with respect to the total mass of catalyst. 10In accordance with a
preferred implementation of step a) of the process of the invention, said first, metallic, catalyst used
in the first step, said mild pre-hydrogenation step, comprises an amorphous mineral support
selected from alumina, silica and silica-alumina.      In accordance with the process of the invention,
a first step, termed the mild pre-hydrogenation step, is carried out in the presence of a first,
metallic, catalyst comprising an 15  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
and is followed by a second step, termed the second treatment step, which is carried out 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 20 an amorphous mineral support.      In accordance with a preferred implementation of
step b) of the process 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 step, comprises an amorphous mineral support and an active
hydrodehydrogenating phase constituted by at least one non-noble metal from group VIII, the
non-noble metal from group VIII being nickel, and at least one metal from group VIB, the metal
from group VIB being molybdenum.  4      The total quantity of oxides of metals from groups VIB
and VIII in said second, sulphurized, catalyst is advantageously in the range 5% to 40% by weight,
and preferably in the range 7% to 30% by weight with respect to the total mass of catalyst.        The
weight ratio expressed as the metallic oxide between the metal (or metals) from 5group VIB to the
metal (or metals) from group VIII in said second, sulphurized, catalyst is advantageously in the
range 20 to 1, and preferably in the range 10 to 2. 
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The total quantity of oxides of metals from groups VIB and VIII in said second,

sulphurized, catalyst is advantageously in the range 5% to 40% by weight, and preferably in

the range 7o/o to 30%by weight with respect to the total mass of catalyst.

The weight ratio expressed as the metallic oxide between the metal (or metals) from

group VIB to the metal (or metals) from group VIII in said second, sulphurized, catalyst is

advantageously in the range 20 to I, and preferably in the range 10 to 2.

A prefened second, sulphurized, catalyst employed in step b) of the process of the

invention advantageously comprises a nickel oxide (NiO) content in the range 0.5% to I0%

by weight, preferably in the range lYo to 5% by weight, and a molybdenum oxide (MoOs)

content in the range 1%oto30%by weight, preferably in the range 5%oto 25%by weight on an

amorphous mineral support, the percentages being expressed as aYo 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

from phosphorus, silicon, fluorine and boron, the quantity of doping element by weight of the

oxide of said element being less than 20% withrespect to the total mass of catalyst, preferably

less than I0% with respect to the total mass of catalyst.

This doping element may advantageously be introduced into the matrix or, preferably,

be deposited on the support. It is also possible to deposit silicon on the support, alone or with

phosphorus andlor boron and/ or fluorine.

In accordance with a preferred implementation of step b) of the process of the

invention, said second, sulphurized, catalyst comprises an amorphous mineral support

selected from the goup formed by alumina, siiica, silica-aluminas, magnesia and clays, used

alone or as a mixture. Said support may advantageously also comprise other compounds such

as, for example, oxides selected from the goup formed by boron oxides, zirconia, titanium

oxide and phosphoric anhydride, used alone or as a mixture.

Highty preferably, an alumina support is used, and still more preferably an q, ô or y

alumina support.

In accordance with step b) of the process of the invention, said second catalyst is a

sulphurized catalyst; thus, it is advisable to maintain it in contact with a partial pressure of

H2S 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
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A preferred second, sulphurized, catalyst employed in step b) of the process of the invention
advantageously comprises a nickel oxide (NiO) content 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
from phosphorus, silicon, fluorine and boron, the quantity of doping element by weight of the oxide
of said element being less than 20% with respect to the total mass of catalyst, preferably less than
10% with respect to the total mass of catalyst.        This doping element may advantageously be
introduced into the matrix or, preferably, be deposited on the support. It is also possible to deposit
silicon on the support, alone or with 20 phosphorus and/or boron and/or fluorine.      In accordance
with a preferred implementation of step b) of the process of the invention, said second, sulphurized,
catalyst comprises an amorphous mineral support selected from the group formed by alumina,
silica, silica-aluminas, magnesia and clays, used alone or as a mixture. Said support may
advantageously also comprise other compounds such 25as, for example, oxides selected from the
group fowled 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 q, 5 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
H2S 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  5
sulphur-containing compound which decomposes into H2S under the conditions of the second step
is added to the feed or directly to the reactor.      Examples of a sulphur-containing compounds
which may be cited are dimethyldisulphide (DMDS), carbon disulphide (CS2), organic
polysulphides, mercaptans, 5 sulphides, disulphides, oxygen-containing sulphur compounds, and
elemental sulphur, dissolved and/or partially in suspension.      In accordance with a preferred
implementation of the process of the invention, the first step, termed the mild pre-hydrogenation
step, is operated in the presence of a first, metallic, catalyst comprising an alumina support and an
active hydrodehydrogenating phase constituted 10 by at least one metal from group VIII, the metal
from group VIII being nickel, and the second step, termed the second treatment step, which is
operated in the presence of a second, sulphurized, catalyst comprising an alumina support and an
active hydrodehydrogenating phase constituted by at least one non-noble metal from group VIII
and at least one metal from group VIB, the non-noble metal from group VIII being nickel and the
metal from group VIB 15 being molybdenum.      The feeds derived from renewable sources used
in the hydrotreatment process of the invention 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. Possible vegetable oils which may be included are unrefined or completely or
partially refined oils 
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sulphur-containing compound which decomposes into HzS under the conditions of the second

step is added to the feed or directly to the reactor.

Examples of a sulphur-containing compounds which may be cited aîe

dimethyldisulphide (DMDS), carbon disulphide (CSz), organic polysulphides, mercaptans,

sulphides, disulphides, oxygen-containing sulphur compounds, md elemental sulphur,

dissolved and/or partially in suspension.

In accordance with a preferred implementation of the process of the invention, the first

step, termed the mild pre-hydrogenation 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 the second

step, termed the second treatment step, which is operated in the presence of a second,

sulphurized, catalyst comprising an alumina support and an active hydrodehydrogenating

phase constituted by at least one non-noble metal from group VIII and at least one metal from

group VIB, the non-noble metal from group VIII being nickel and the metal from group VIB

being molybdenum

The feeds derived from renewable sources used in the hydrotreatment process of the

invention are advarÍageously constituted by oils and fats of animal or vegetable origin, or

mixtures of such feeds, containing triglycerides and/or fatty acids and./or esters. Possible

vegetable oils which may be included are unrefined or completely or partially refined oils

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.

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 hydrotreatrnent 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

and phosphorus, for example over ion exchange resins.

Examples of appropriate treatrnents are heat treatments andlor chemical treatrnents

which are well known to the skilled person.
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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. 25These 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.  6      In accordance with a
preferred implementation of the hydrotreatment process of the invention, the first step of said
process, said mild pre-hydrogenation step, consists of mild pre-hydrogenation of at least 50% of
the double bonds contained in the hydrocarbon chain of the fatty acids of said feed, preferably at
least 80% of the double bonds, more preferably at  5 least 90% of the double bonds and still more
preferably at least 99% of the double bonds, followed by a second treatment step consisting of
hydrogenation of at least 50% of the ester functions contained in the hydrocarbon chain of the fatty
acids of said feed, preferably at least 80% of the double bonds, more preferably at least 90% of the
ester functions and still more preferably at least 99% of the ester functions. 10The double bonds of
the hydrocarbon chains may be assayed using several analytical methods:  measuring the iodine
value, consisting of measuring the quantity of di-iodine ('2) capable of bonding to the unsaturated
bonds of the hydrocarbon chains. The measured value is thus expressed in mg of 12 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 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 ASTN1 D 2710. The bromine number concerns
assaying by potentiometry for contents of more than 1 W100 g of product, using the standard
ASTM D 1159. 25The presence of ester functions is demonstrated using 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. 
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ln accordance with a preferred implementation of the hydrotreatment process of the

invention, the first step of said process, said mild pre-hydrogenation step, consists of mild

pre-hydrogenation of at least 50% of the double bonds contained in the hydrocarbon chain of

the fafry acids of said feed, preferably at least 80% of the double bonds, more preferably at

least 90Yo of the double bonds and still more preferably at least 99o/o of the double bonds,

followed by a second treatment step consisting of hydrogenation of at least 50% of the ester

functions contained in the hydrocarbon chain of the fatty acids of said feed, preferably at least

80% of the double bonds, more preferably at least 90Yo of the ester functions and still more

preferably at least 99% of the ester functions.

The double bonds of the hydrocarbon chains may be assayed using several analytical

methods:

c measuring the iodine value, consisting of measuring the quantity of di-iodine

(I2) capable of bonding to the unsaturated bonds of the hydrocarbon chains.

The measured value is thus expressecl in mg of 12 bound to 100 g of product.

Applied to fatty acids, the iodine value is, for example, 90 for oleic acid, 181

for linoleic acid and 274 îor linolenic acid. The iodine value is measured for

the methyi esters of vegetable oils (MEVO) using the standard method

EN 141 1 1. Other standard methods which mav be cited are the ASTM D 1959

and ASTM D 5554 methods.

. The bromine index or bromine number is measured using potentiometry. The

bromine index is applicable for contents of less than 1000 mg/l00g of product,

using the standard ASTM D 2710. The bromine number concems assaying by

potentiometry for contents of more than 1 g/100 g of product, using the

standard ASTM D 1159.

The presence of ester functions is demonstrated using 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 treatrnent of said feed consisting of mild pre-hydrogenation is

intended to saturate the double bonds contained in the hydrocarbon chain of the fatfy acids of

the feed, in order to prevent secondary reactions of the double bonds such as, for exampie,

polyrnerization reactions ieading to the formation of coke or gums. This first, pre-

hydrogenation, step is advantageousiy operated in the presence of the first, metaliic, catalyst
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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  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 a partial pressure of hydrogen in the range 0.1 MPa to 10 MPa. The hourly space
velocity over the catalyst is in the range 0.1 lid to 10 If . 5The quantity of hydrogen consumed
during this mild pre-hydrogenation step is in the range 0.5% to 1% by weight of hydrogen with
respect to the feed.       The effluent from this first mild pre-hydrogenation step is then brought into
contact in a second step for treatment of said feed with the second sulphurized catalyst described
above, said second treatment step being operated at a temperature in the range 200C to 450C, 10
preferably in the range 220C to 350C. The pressure is in the range 1 MPa to 10 MPa, preferably in
the range 2 MPa to 6 MPa. The hourly space velocity over the catalyst is in the range 0.1 111 to 10
hi . The feed is brought into contact 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
Nm3 of hydrogen per m3 of feed, preferably in the 15 range 100 to 500 Nm3 of hydrogen per m3 of
feed. The hydrogen 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 for 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. 
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described above at a temperature in the range 50oC to 300oC, preferably in the range 50"C to

200"C and more preferably in the range 100"C to 200"C, and at apafüaI pressure of hydrogen

in the range 0.1 MPa to 10 MPa. The hourly space veiocity over the catalyst is in the range

0.1 h-r to io h-l .

The quantity of hydrogen consumed during this mild pre-hydrogenation step is in the

range 0.5%o to I%by weight of hydrogen with respect to the feed.

The effluent from this first mild pre-hydrogenation step is then brought into contact in

a second step for treatment of said feed with the second sulphurized catalyst described above,

said second treatment step being operated at a temperature in the range 200"C to 450oC,

preferably in the range 220"C to 350'C. The pressure is in the range 1 MPa to l0 MP4

preferably in the range 2MPato 6 MPa. The hourly space velocity over the cataiyst is in the

range 0.1 h-l to 10 h-l . The feed is brought into contact 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 Nm3 of hydrogen per m3 of feed, preferably in the

range 100 to 500 Nm3 of hydrogen p"r m3 of feed. The hydrogen consumption during this

second step is typically in the range 2o/o 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 for mild pre-hydrogenation, advantageously

accomplishes hydrogenation of at least 50% of the ester functions contained in the

hydrocarbon chain of the fatty acids of the feed, preferably at least 80o/o, more preferably at

least9}Yo and still more preferably at leastggYo 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

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 (COz) 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

preferably at least 90%by weight and stili 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 parafñns and iso-paraffins) is

carried out using a chromatographic method. It is coupled with a mass spechometer. This
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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
(normal paraffins and iso-paraffins) is carried out using a chromatographic method. It is coupled
with a mass spectrometer. This  8 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 (112), carbon monoxide
(CO), carbon dioxide (CO2) 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 (CO2) 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 151)
First, mild pre-hydrogenation, step        A fixed bed of 40 g of mild pm-hydrogenation catalyst
based on nickel on alumina containing 15% by weight, calculated as the nickel and we-reduced,
was charged into a first stage constituted by a reactor which had been adjusted to provide
isothermal operation. 100 g/h of pre-refined 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 
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nlethod aiso provides access to the quantities of olcfins, naphthenes ancl arornatics (PONA

analysis).

A portion of the water forrned during the two-step process for hydlotreatment of feeds

clerived lÌom renewable sources of the process of the invention is contained in the liquid

hydrocarbon effluent and at least a porlion thcreof, preferably all, is advantageously separated

f¡om the hydt'ocarbon liquid effluent. Thus, separation may be followed by a step for

elimination of the water.

The mixture of hydrogen gas (i{2), carbon monoxide (CO), calbon dioxide (CO2) and

propane which is separated rnay then advantageously undergo treatments which are l<nown to

the skilled persoll to eliminate carbon monoxide (CO) and carbon dioxide (CO2) and separate

the hydrogen frorn the propalre, this latter advantageously being able to be sent to a steam

cracking furnace dedicated to steam cracking liquefied gas.

Example 1

Ste¡r a) Two-step hydrotreatrnent of a feed derived from rerrewable sources

1) First. mild pre-hvdroeenation. step

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

containing 15% by weight, caiculated as the nickel and pr-e-reduced, was charged into a first

stage constituted by a reactor which had been adjusted to províde isothennal operation. 100

g/h of pre-refined rapeseed oil with the composition given below was sent over this fixed bed,

Table 2: Composition of fecd derived from lenewable sources

1 5
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Fatty acid glycerides Nature of fatty chain % by weight

Pahnitic

Palmitoleic

Stearic

Oleic

Línoleic

Lirrolenic

Aracliidic

Gadoleic

Behenic

Erucic

C l6 :0

C l 6 : 1

C 1 8 : 0

C l 8 : 1

Cl8:2

C 1 8 : 3

C20:0

C20:1

C22:0

C22: l

4

< 0.5

2

6 1
')^

I

<  0 .5

1

< 0.5

< 1

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 
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100:1 NTP of hydrogen per litre of feed (Ì.{TP : normal temperature and pressure) was

inhoduced at 150'C 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

bonds had been almost completely hydrogenated. The resulting hydrogen consumption was

of the order of 0.9%by weiflúwith respect to the feed.

2l 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

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 4.3Yo by weight and a moiybdenum oxide content of 21.5% by weight on an

alumina support, the catalyst having been sulphurized. 150: i NTP of H2 per litre of feed was

introduced into this reactor maintained at 300"C at a pressure of 4 MPa.

Step b): Separation ofeffluentfromstep a)

The whole of the hydroheated effluent from step a) of the process of the invention was

separated in order to recover a hydrogen-rich gas and a paraffinic líquid hydrocarbon effluent

which was separated from the water produced. The yields obtained are indicated in the table

below:

Table 3

1 5
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Compounds Yields (wt %/feed)

CO

. Coz

C 1

Cz

q
Cq

Cs

Paraffinic liquid hydrocarbon effluent

Hzo

Total

Hz consümed (wt %lfeed)

0.42

3.53

0 . i 0

0 . 1 2

3.Zl

0.03

0.05

85.7

8.52

101.68

1.68

<0.5 Gadoleic 020:1 I Behenic C22:0 <0.5 Erucic 022:1 <1  9       100:1 NTP of hydrogen per litre
of feed (NTP = normal temperature and pressure) was 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 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 H2 per litre of feed was introduced into this reactor maintained at
300C at a pressure of 4 MPa. 15 Step b): Separation of effluent from step a) 
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The paraffinic hydrocarbon liquid effluent obtained thereby was analyzed using gas

chromatography coupied with a mass spectrometer: it was constituted by 98% bv weieht of

n-paraffins with a number of carbon atoms of 6 to 25 arÃ 2%o of Crz to C21 iso-paraffins.

More than95o/o of the n-paraffins were C16 to Czz.

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 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 %/feed) CO 0.42 CO2 3.53 CI 0.10 C2 0.12 Q 3/1 C4 0.03 C5 0.05 
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CLAIMS

1. A process for two-step hydrotreatment of a feed derived from a renewable source,

comprising:

a first step, termed a mild pre-hydrogenation step, operating in the presence of a

first, metallic, catalyst comprising an active hydrodehydrogenating phase

constituted by at least one metal from group VIII and/or at least one metal from

goup VIB and an amorphous mineral support, operating at a temperature in the

range 50'C to 300oC, 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-l to 10 h-1; and

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

MPa, at an hourly space velocity over the catalyst in the range 0.1 h-l to 10 h-l and

wherein the total quantity of hydrogen mixed with the feed is such that the

hydrogen-to-feed ratio is in the rafìge 50 to 1000 Nm3 of hydrogen p", *' of feed.

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

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 ûom group ViB being

selected from molybdenum and tungsten.

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

andlor at least one metal from group VIB, the metal from group VIII being nickel and

the metal from group VIB being molybdenum.

A process according to one of claims I 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

nickel.

A process according to one of claims 1 to 4, in which the quantity of metal from goup

VIII is in the range 0.5o/o to 2A% by weight with respect to the total mass of catalyst

a)

b)1 0
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4.

5 .

Paraffinic liquid hydrocarbon effluent 85.7 H20 8.52 Total 101.68 H2 consumed (wt %/feed) 1.68
10      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 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 presence of a 5first, 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
50C to 300C, 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-1 to 1011-1; 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 200C to 450C, at a pressure in the range 1 MPa to 10 
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and the quantity of metal from group VIB is in the range 0.5o/o to 20%by weight with

respect to the total mass of catalyst.

A process according to one of claims 1 to 5, in which said first, metallic, catalyst

comprises an amorphous mineral support selected from alumina, siiica and silica-

alumina.

A process according to one of claims 1 to 6, in which 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 being selected from nickel and cobalt and the metal from

group VIB being selected from molybdenum and tungsten.

A process according to claim 7, in which the non-noble metal from group VIII is

nickel and the metal from group VIB is molybdenum.

A process according to one of claims 1 to 8, in which said second, sulphurized,

catalyst comprises an amorphous mineral support and an active hydrodehydrogenating

phase constituted by at least one non-noble metal from group VIII, the non-noble

metal from group VIII being nickel, and at least one metal from group VIB, the metal

from group VIB being molybdenum.

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

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

A process according to one of claims I 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

(MoO3) in the range lYo to 30%by weight with respect to the total mass of catalyst, on

an amorphous mineral support.

A process according to one of claims 7 to 11, in which said second, sulphwized,

catalyst comprises an amorphous mineral support selected from the goup formed by

alumina, silica, silica-aluminas, magnesia and clays, taken alone or as a mixture.

A process according to claim 12, tnwhich said support is an alumina support.

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 VIÌI being nickel, and in whjch the second step is operated in the

8 .

9.
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15 MPa, at an hourly space velocity over the catalyst 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 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 30nickel. 5. A process according to one of claims 1 to 4, in which the quantity of
metal from group VIII is in the range 0.5% to 20% by weight with respect to the total mass of
catalyst  12 and the quantity of metal from group VIB is in the range 0.5% to 20% by weight with
respect to the total mass of catalyst. 6. A process according to one of claims 1 to 5, in which said
first, metallic, catalyst comprises an amorphous mineral support selected from alumina, silica and
silica- 5alumina. 7. A process according to one of claims 1 to 6, in which 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
being selected from nickel and cobalt and the metal from 10group VIB being selected from
molybdenum and tungsten. 8. A process according to claim 7, in which the non-noble metal from
group VIII is nickel and the metal from group VIB is molybdenum. 9. A process according to one of
claims 1 to 8, in which said second, sulphurized, catalyst comprises an amorphous mineral support
and an active hydrodehydrogenating  15 phase constituted by at least one non-noble metal from
group VIII, the non-noble metal from group VIII being nickel, and at least one metal from group VIB,
the metal from group VIB being 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 
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presence of a second, sulphurized, catalyst comprising an alumina support and an

active hydrodehydrogenating phase constituted by at least one non-noble metal from

goup VIII and at least one metal from group ViB, the non-noble metal from group

VIII being nickel and the metal from group VIB being molybdenum.

A hydrotreatrnent process according to one of claims I to 14, in which the feeds

derived from a renewable source are oils and fats of animal or vegetable origin, or

mixtures of such feeds, containing triglycerides and/or fatty acids and/or esters, said

vegetable oils possibly being unrefined or completely or partially refined, said feeds

containing triglyceride structures and/or latty acid structures and esters thereof with

fatty chains containing in the range 6 to 25 carbon atoms.1 0

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, 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 (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 formed by alumina, silica, silica-aluminas, magnesia and clays, taken alone or as a
mixture. 13. A process according to claim 12, in which said support is an alumina support.  30 14. A
process according to one of claims Ito 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 operated in the  13 presence of a second, sulphurized, catalyst
comprising an alumina support and an active hydrodehydrogenating phase constituted by at least
one non-noble metal from group VIII and at least one metal from group VIB, the non-noble metal
from group VIII being nickel and the metal from group VIB being molybdenum. 515.A
hydrotreatment process according to one of claims 1 to 14, in which the feeds derived from a
renewable source are oils and fats of animal or vegetable origin, or mixtures of such feeds,
containing triglycerides and/or fatty acids and/or esters, said vegetable oils possibly being
unrefined or completely or partially refined, said feeds containing triglyceride structures and/or fatty
acid structures and esters thereof with 10fatty chains containing in the range 6 to 25 carbon atoms.




