-1 PRODUCTI ON OF STEAM CBA. C TG FEEDSTOCKS W TH HI GH ETHYLENE, PROPYLENE
AND POLYMER Yl ELDS CREATED BY RYDROTREATMENT OF VEGETABLE O LS Field of
the Invention The dwi ndling supplies and the increase in the prices of
petrol eum products are leading to the search for replacenents. In this
context, the products nmade from bi omass are especially attractive. Today,
the use of bionass is oriented for thelnost part toward two lines: the

bi oester line that transforns veget able oils into nethyl esters bef ore
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propyl ene) . froeren bl e I nvwent i | s descri,bed here
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the treatnment of petroleum fractlons but can al so transformthese
paraffins insensives-hyl ene and propyl ene and pol ymers created with clearly

superior yiel dsFurthermore, the availability of land that can be cultivated would not allow,

according to the experts, more than 10% of the current fitel consumption to be produced.

In contrast, the production of light olefing for petrochemistry involves tonnages
that are much lower than those that are necessary for fuels. Consequently, the biomass
here can provide a very significant contribution to petrochemistry, and through the
proposed invention, it could be considered possible in the long run to produce a
significant proportion of “bio” polymers (essentially based on ethylene and propylene)
from renewable feedstocks.

The invention that is described here is part of this context. It consists in
hydrotreating feedstocks that are obtained from renewable sources and in particular in
hydrogenating vegetable oils so as to obtain linear paraffins that contain 6 to 25 carbon
atoms. These paraffins are then sent into a steam-cracking installation (or steam-cracking
according to the English definition) that is sized as for the treatment of petroleum
fractions but can also transform these paraffins into ethylene and propylene and polymers
created with clearly superior yields,

The objective of the invention. is therefore the production, with very high yields,
of ethylene and propylepe from a paraffin fraction that is obtained from the
hydrotreatment of feedstocks that are obtained from. renewable sources.




"The objective of the invention is therefore the production, with very high
yields, of ethylene and propylene froma paraffin fraction that is
obtained fromthe hydrotreatnent of feedstocks that are obtained from
renewabl e sources. 5 2 Prior Art The patent US 4 620 050 (ATOCH N*
describes a process for the production_of ethylene that has a high purity
or a mxture of ethyl ene/carbon monoxi de that can be used directly by
gas- phase deconpositions of certain ethyl esters of aliphatic carboxylic
acids at te rature of between 150 and 300C in the presence of a
zeolitic c3¥¥%;§§, The patent application US 2007/0015947 descri bes a
process for theThe patetU 620 05002 TCCHEM) desribesarpréw@efor thekmodustion eff e
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catal yst Ofsuﬁﬁhy\a&llnﬁa i\eials z&ﬂda 3€coad stagewm chclking theppwifiedr edstrakiiom

catal yst caonprises east nobl e netal of group VIII that is selected
f r om anong Huitizedcate &W&“N&E@&ﬁ?ﬁ)r conprises at |east one non-noble

metal of group VIII and/or at |east one netal of group VIB, whereby the
non-noble nmetal of group VIII is selected fromanong ni ckel and cobalt and
t he met al rﬂl’lg&zﬁ.ﬁg!ﬂmllsel ected fromanong nol ybdenum and tungsten,
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whi ch said seco reat ment stage operates at a tenperature of between 200
and 450C, dis powpbesdond, o1d shidipreress comyFsesdheifoliowiv@atagest an hourly

volunetric a) Hydrofreatment in two stages in which said first stage of treatment that

consists of a mild prehydrogenation. operates at a temperature of between 50 and 300°C,
at a partial hydrogen pressure of between 0.1 and 10 MPa, and at an hourly volumetric
flow rate on the catalyst of between 0.1 h™ and 10 b, in which said prehydrogenation
catalyst comprises at least one noble metal of group VIII that is selected from among
palladium and platinum or comprises at least one non-noble metal of group VIII and/or at
least one metal of group VIB, whereby the non-noble metal of gronp VIII is selected
from amoﬁg nickel and cobalt and the metal of group VIB is selected from among
molybdenum and tungsten, whereby said prehydrogenation catalyst is a metal-phase
catalyst, and in which said second treatment stage operates at a temperature of between
200 and 450°C, at a pressure of between 1 MPa and 10 MPa, at an hourly volumetric
flow rate on the catalyst of between 0.1 h™ and 10 h?, and at a total quantity of hydrogen
mixed with the feedstock, such that the hydrogen to feedstock ratio is between 50 and
1,000 Nm® of hydrogen per m® of feedstock, in which said catalyst of the second
treatment stage comprises at least one non-nmoble metal of group VIII and/or VIB,
whereby the non-noble metal of group VI is selected from among nickel and cobalt, and




‘flow rate on the catalyst of between 0.1 h"i and 10 If", and at a total
quantity of hydrogen mxed with the feedstock, such that the hydrogen to
feedstock ratio is between 50 and 1,000 NnB8 of hydrogen per nB of
feedstock, in which said catalyst of the second treatnent stage conprises
at | east one non-noble netal of group VIII and/or VIB, whereby the
non-nobl e metal of group VII1 is select®d fromanong ni ckel and cobalt, and
3 whereby the netal of group VI13 is selected from anong nol ybdenum and
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decar boxyl at | On/l'ge(t\h% lagf]tﬁ/edatteed%%cks contain triglyceride and/or fatty acid structures and

their esters, whose fatty chains contain a numbet of carbon atoms of between 6 and 25.

The hydrocarbons that are produced during the conversion of the starting
feedstocks are characterized by:

a) A number of carbon atoms that is equal to that of the starting fatty acid chains,
if the mechanism is a mechanism for hydrogenation of the carboxylic group
into an alkyl group.

b) A hydrocarbon chain that has one carbon atom less than the starting fatty acid
chains, if the mechanism involved is a decarboxylation/decarbonylation
mechapism.

The mechanism a) has the advantage of offering a very good paraffin yield with a
carbon number that i equivalent to that of the starting fatty acid, but in contrast has the
drawback of entraining a very large hydrogen consumption that can range up to 3.6% by
weight of hydrogen.

The mechanjsm b) has the drawback of a slightly smaller yield by weight that is
linked to the reduction by one carbon atom of the chain that passes, for example, from




mechani sm The mechani sma) has the advantage of offering a very good
paraffin yield wwth a carbon nunber that is equivalent to that of the
starting fatty acid, but in contrast has the drawback of entraining a very
| ar ge hydrogen consunption that can range up to 3.6% by weight of

hydr ogen. The nmechani sm b) has the drawback of a slightly smaller yield by
wei ght that is linked to the reductiorf by one carbon atom of the chain

t hat passes, for exanple, from4 C25 to Cl17 for canola oil, but in
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possi bl e to“obtain very "hi et hyl ene and propyl ene and polyner yields
that are crdsearbaxyfationd¢carhesylationsmedhanism pecogtingiotdd from r enewabl e sour ces.
These feedstocks that are obtained fromrenewabl e sources consist of all of
the vegetable oils and aninmal fats, essentially containing triglycerides
and fatty dpdscidptiun ofebd Brventioi th fatty hydrocarbon chains that have a

nunber of carbon, at gns . .of t.ween and 25. These 0}l
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conpounds and do not contain aromatic hydrocarbons. Advantfa%ﬁousl y, prior
a
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a suitabl e treatnent, ‘contam nants sucaﬁ as netal s, é’?ka I ne corrpounds,
al kal i ne- eand B§. digse oils can be palm, palm-ketnel, copra, castor and cotton oils, the oils of

peanuts, flax, and sea-cabbage, and all of the oils that are obtained from, for example,
sunflower or rapeseed by genetic modification or hybridization. The oils for frying,
varied animal oils such as fish oils, tallow, and lard can be used.

These feedstocks are partially or totally free of sulfur and nitrogen compounds
and do not contain aromatic hydrocarbons.

Advantageously, prior to the stage a) of the process according to the invention,
the feedstock can undergo a stage for pretreatment or pre-refining so as to eliminate, by a
suitable treatment, contaminants such as metals, alkaline coropounds, alkaline-earths and
phosphorus, for example on ion exchange resins. Suitable treatments can be, for
example, heat treatments and/or chemical treatments that are well known to one skilled in

the art.

Stage a)
According to the invention, stage a) for hydrotreatment of feedstocks that are

obtained from renewable sources is implemented in two stages.




" phosphorus, for exanple on ion exchange resins. Suitable treatnments can be,
for exanple, heat treatnents and/or chem cal treatnents that are well
known to one skilled in the art. Stage a According to the invention, stage
a) for hydrotreatnent of feedstocks that are obtained fromrenewabl e
sources is inplenmented in two stages. 5 Hydrotreatnment of a Feedstock that
i s Obtained from Renewabl e Sources in Pwo I nt egrated Stages. Stage a)
advant ageously consists of a first treatnment stage that consists of a mld
ined in
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hydr ogenation of at |east 90% of the ester groups that are contai ned
least 50% of the double bonds that are contained in the hydrocarbon chains of the fatty
acids of said feedstock, followed by a second freatment stage that consists of a
hydrogenation of at least 50% of the ester groups that are contained in the hydrocarbon
chains of the fatty acids of said feedstock.

According to a very preferred embodiment of the process according to the
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invention, stage a) consists of a first treatment stage that consists of mild
prehydrogenation of at least 90% of the double bonds that are contained in the
hydrocarbon chains of the fatty acids of said feedstock, followed by a second treatment
stage that consists of hydrogenation of at least 90% of the ester groups that are contained
in the hydrocarbon chains of the fatty acids of said feedstock.

According to a more preferred embodiment of the process according to the
invention, stage a) consists of a first treatment stage that conmsists of a mild
prehydrogenation of at least 99% of the double bonds that are comtained in the
hydrocarbon chains of the fatty acids of said feedstock, followed by a second treatment
stage that consists of a hydrogenation of at least 99% of the ester groups that are
contained in. the hydrocarbon chains of the fatty acids of said feedstock.

The double bonds of the hydrocarbon chains can be measured by several
analytical methods: '




“in the hydrocarbon chains of the fatty acids of said feedstock. According
to a nore preferred enbodi nent of the process according to the invention,
stage a) consists of a first treatnent stage that consists of a mld
prehydrogenati on of at |east 99% of the double bonds that are contained in
the hydrocarbon chains of the fatty acids of said feedstock, followed by a
second treatnent stage that consists a hydrogenation of at |east 99% of
the ester groups that are contained in the hydrocarbon chains of the fatty

aci ds of said feedst pfeksyrchit QPBQ' ﬁdﬁ@@ﬁiﬁ;g;%nﬁﬂ?ﬂ%ﬁﬁﬁ%%%q@mﬁtyn&f can be
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Measur ement of t he b?cﬁﬂﬁdﬁgtpﬁg&)‘iﬂﬁ “Bﬁ’&Fﬂ nﬁ%ﬁs ailsgpgsolﬂ@g&?}". ment by
potentionetry. The bieMASEMIPIBY il ABPM B850 incaRAs Fohd ambhR thedbted €SS
than 1000 ngy/ 100 g of product, according to the ASTM D2710 standard. The

brom ne nunber rel at&m@bedéM@éE by potentiorretry for contents of greater

than 1 9/100 g of r gl AECH e Sickiod NBIASTH D drbithesupaay & aThe

presence of ester groups 'S denonst f a. according to an in
spectrometry net hod. mserepetiyi gotantiometry) el edirorovhe ireick $s appliedfor pméatnce of a
specific that are less than 1000 mg/100 g of product, according to the ASTM

D2710 standard. The bromine number relates to dosages by potentiometry
for contents of greater than 1 g/100 g of product, according to the ASTM
D1159 standard.

The presence of ester groups is demonstrated according to an infrared
spectrometry method. The principle of the method rests on the presence of a specific
infrared band of the ester group. The hydrogenation of the ester groups is therefore
reflected by a disappearance of the specific band that is detected by infrared.

The first stage for treatment of said feedstock that consists of a mild
prehydrogenation is designed to saturate the double bonds that are contained in the
hydrocarbon chains of the fatty acids of the feedstock so as to prevent the secondary
reactions of the double bonds, such as, for example, polymerization reactions that end in
the formation of coke or gums. This first prehydrogenation stage operates according to
the invention at a temperature of between 50 and 300°C, preferably between 50 and

200°C, and even more preferably between 100 and 200°C, and at a partial bydrogen
pressure of between 0.1 and 10 MPa. The hourly volumetric flow rate on the catalyst is
between 0.1 h! and 10 172,

The quantity of hydrogen that is consumed during this mild prehydrogenation
stage is between 0.5 and 1% by weight of hydrogen relative to the feedstock.




‘infrared band of the ester group. The hydrogenation of the ester groups is
therefore reflected by a disappearance of the specific band that is
detected by infrared. The first stage for treatnent of said feedstock that
consists of a mld prehydrogenation is designed to saturate the double
bonds that are contained in the hydrocarbon chains of the fatty acids of
the feedstock so as to prevent the sec07ndary reactions of the double
bonds, such as, for exanple, polynerization reactions that end in the
formati on of co or Jhi i r nat i t)fg% S
according to t eic?\tv n |%tn1-£a éda{ntégrptﬁésggﬁg%g&g%%%%ﬁl\b\ggﬁh% atr?gla%g%,;

pref erabl y preliydmganadfion astadlyst2@vehtageoasly vanprives & lgaseérergidioyddhpdrogamatin0 and
200C, and at a partial hydrogen ressure.of between Q.1 and 10 MPa. The
nour |y ol dfestsed gt Slra e g SRdbasaRs sBTor i Redite®l” 1 Mha 10 b 1.
The quantity of AweliRges tHeliavention, a0 Hrulpropenating cdtdlyys coinpisepteloydvmgenat i on
stage is between 0.5 and_1 % by weight of h grogen re}lglﬁtjve t.o, the

f eedst ock. meblempaial of group Klllihalis grgfquglgdelpqﬁeci/ e pmoeas pdladm 30d Pl rent  of

the feedst qglere r%%i ?ghg&%géﬂ{i&g@a@ﬁ%itg@}ﬁ&gq;hxgetoat@ﬂyant ageously conpri ses

at | east one hy ehydrogenating el ement’ and a substrate such as al um na

and/ or silica adétedingitp apether alfainative ofdheoinyentigns wid prehydregspationfatalyst d

pr ehydr oge ' Y MRk .S oup Vi1l
Phat’ s pr o Brifie 3748 ale SATbIS AP woiP VIR Maol g BeP Lot T Ey

sai d pr ehydrviegbyalid mn-robleahstaltof goun Vil isdelepted Sencamaigymsdkel ahdeobalf, agfd t o
another alternatiyve of .the inv i.on [ rehydr o tion t al yst

Conpr 1 see. ARTRYHE aittel e et VP 6 redoeidh o eippher RS e Tabehey o
group VlBk vrh&’@&@ﬁ&gfe{h?drﬂ@ﬁmﬁ@ﬁq@almisd%&ilcgiraglup VIIl is selected }‘rom .
anong ni ckel ang, cobalt, .a erepy t ta .group VIB is selecte
from anmong noly %ﬁ%néﬁﬁn?qﬁiﬁ]@"sﬁoérﬂogféﬂ%ﬁ@ Y Ib?@ﬁ?‘ﬁ?@@@ﬁ%g?tgﬁe‘bat al yst
is a metal caig2084 by WERHCARIREEBy HRRREE 5Ahd 1O% Y Right #E1Ae 18 thegbuP VI | |

I s advant ageously between 0.5 and 20% by wei ght and (gref erably between 5
and 10% by Twass ghithe catplyst The metal gentens of proupydR inhetwern hend 303 by weighhet al

et voon 7 AaPatidedtt HEE b Cadph -ARdiel b albes PO B et

Very preferably, the non-noble metal of group VIII is nickel, and the metal of

group VIB is molybdenum.,

Advantageously, the following metal combinations are also used: nickel-
molybdenum and cobalt-molybdenum.

Very preferably, said prchydrogenaﬁon catalyst is a metal-phase catalyst whose
metal phase consists of nickel alone.

The effluent that is oBtained from this first mild prehydrogenation stage is then
brought into contact in a second stage for treatment of said feedstock with a
heterogeneous catalyst, whereby said second treatment stage operates at a temperature of
between 200 and 450°C and preferably between 220 and 350°C. The pressure is between
1 MPa and 10 MPa and preferably between 2 MPa and 6 MPa. The hourly volumetric
flow rate in the catalyst is between 0.1 h™! and 10 h™. The feedstock is brought into
contact with the catalyst in the presence of hydrogen. The total quantity of hydrogen that
is mixed with the feedstock is such that the ratio of hydrogen to feedstock is between 50
and 1,000 Nm® of hydrogen per m® of feedstock and preferably between 100 and S00




Very preferably, the non-noble netal of group Vi1l is nickel, and the netal . .

of group VIB is nolybdenum Advantageously, the foll ow ng netal

conbi nati ons are al so used: nickel- nolybdenum and cobal t - nol ybdenum Very
preferably, said prehydrogenation catalyst is a netal -phase catal yst whose
met al phase consists of nickel alone. The effluent that is obtained from

this first mld prehydrogenation stagegs then brought into contact in a
second stage for treatnment of said feedstock with a heterogeneous
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The substrate of the ca?%l?ys% that is usegmi% t he secgngpsf age’fsora’
treat ment GHicg-gluminas, magnesia apd clays, taken by themselves or mixed. Said substrate can

advantageously also contain other compounds, such as, for example, oxides that are
selected from the group that is formed by boron oxide, titanium oxide, and phosphoric
anhydride, taken by themselves or mixed. Preferably an alumina substrate, and even
more preferably a 1=, 8-, or y-alumina substrate, is used.

The hydrogenating group is advantageously ensured by at least one metal of
group VIII and/or group VIB.

According to the invention, the catalyst that is used in the second stage for
treatment of the feedstock of the process according to the invention comprises at least one
non-noble metal of group VIII and/or at least one metal of group VIB, whereby the non-
noble metal of group VIII is selected from among nickel and cobalt, and the metal of
group VIB is selected from among molybdenum and tungsten, whereby said catalyst is a
sulfide-phase catalyst.

Very preferably, the non-noble metal of group VIII is mickel, and the metal of
group VIB is molybdenum.

The total content of metal oxides of groups VIB and VIII in the catalyst that is
used in the second stage for treatment of the feedstock is advantageously between 5 and




‘feedstock is advantageously selected fromthe group that is fornmed by
alumna, silica, silica-alumnas, magnesia and cl ays, taken by thensel ves
or m xed. Said substrate can advantageously also contain other compounds,
such as, for exanple, oxides that are selected fromthe group that is

f ormed by boron oxide, titanium oxide, and phosphoric anhydride, taken by
t hensel ves or m xed. Preferably an al urﬂ na substrate, and even. nore
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25% by wei ght on au anorphous m neral substrate, w
element that is selected from among phosphorus, s1l1con, ﬂuon.ne and boron. This

element can advantageously be introduced into the matrix and preferably be deposited on
the substrate. It is also possible‘ to deposit silicon on the substrate, by itself or with
phosphorus and/or boron and/or fluorine.

The content of doping element by weight of oxide of said element is usually
advantageously less than 20% and preferably less than 10%.

A preferred metal-phase catalyst, used in the second stage for treatment of the
feedstock of the process according to the invention, comprises a nickel content of
between 20% and 70% by weight and preferably between 50% and 60% by weight. The
substrate of said catalyst is advantageously selected from the group that is formed by
aluming, magnesium oxide, and silica, and preferably the substrate consists of alumina.

In the case of the use of a sulfide-phase catalyst, it is suitable to keep it in contact
with a partial HpS pressure that is sufficient to prevent its desulfurization in the presence
of hydrogen and with temperatures of the reaction. For this purpose, and in a
conventional way, hydrogen sulfide or at least one sulfur compound that decomposes into
H,8 under the conditions of the second stage is added to the feedstock or dixectly into the

reactor.




“the percentages are expressed in % by weight relative to the total nmass of

the catalyst. The catalyst that is used in the second stage for treatnent
of the feedstock of the process according to the invention can al so
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mld prehydrogenation is phase cat al e catalyst that is
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preferably, the catalyst that is used in the first treatnent stage that
consists of mld prehydrogenation is advantageously a nickel catalyst on
nmet al - phas &tagebdd Separation of the Hydrotreated Effluent that is Obtained from Stage a)

According fo stage b) of the process according to the invention, the hydrotreated

effluent that is obtained from stage a) of the process according to the inventiom is
subjected at least partially, and preferably totally, to one or more separations.

The object of stage b) of the process according to the invention is to separate the
gases from liquid and in particular to recover the hydrogen-rich gases that cap also
contain gases such as carbon monoxide (CO), carbon dioxide (CO,) and propane, and at
least one liquid hydrocarbon effluent that consists of at least 50% by weight of linear n-
paraffins, preferably at least 80% by weight, very preferably at least 90% by weight, and
even more preferably at least 98% by weight of linear n-paraffins, and that has a carbon
atom number of between 6 and 25,

The measurement of the contents of paraffins (normal paraffins and iso-paraffins)
is carried out according to a chromatographic method. A coupling with a mass
spectrometer is used. This method also provides access to contents of olefins,

naphthenes, and aromatic compounds (PONA. analysis).




- and the catalyst that is used in the second treatnent stage is

advant ageously a nickel / nol ybdenum cat al yst on sul fi de-phase alumna. In
the case of a hydrotreatnent that is carried out in two stages, the
operation is performed at a | ow tenperature. In addition, maxim zing the
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Stage c): Steam-Cracking of the Liquid Hydrocarbon Effiuent that is Obtained

from Stage b).
The liquid hydrocarbon effluent that is obtained from stage b) for separation of

the process according to the invention and that contains at least 50% by weight of linear
n-paraffins, preferably at least 80% by weight, very preferably at least 90% by weight,
and even more preferably at least 98% by weight of linear n-paraffins, is at least partially,
and preferably totally, sent into a steam-cracking fumace in which these n-paraffins are
transformed into ethylene and propylene with noteworthy yields that are clearly superior
to those that are obtained in the case where the feedstock that is sent to the steam-
cracking device is a conventional feedstock of a steam-cracking device, such as, for
example, in the case where the feedstock consists of middle naphtha.

The steam-cracking is generally the process of choice for obtaining basic products

of petrochemistry, such as, for example, ethylene and propylene.




" -and separate propane can then advantageously itself undergo treatnents that
are known to one skilled in the art for elimnating carbon nonoxi de (CO
and carbon dioxide (CQ2) and separating hydrogen from propane, whereby the
| atter advantageously can be sent to a steamcracking furnace that is

dedi cated to the steamcracking of |iquefied gases, According to the
invention, the separate |iquid hydrocadBon effluent that is obtained from
stage b) of the process according to the invention is then sent at | east
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In this case, the yields of ethylene and propylene will be less than those that are
obtained with only the liquid hydrocarbon effluent that is obtained from stage b) for
separation of the process according to the invention, containing at least 50% by weight of
linear n-paraffins.

At the end of the steamn-cracking, the products are advantageously separated,

Stage d): Optional Stage for Upgrading Methane: Transformation of Methane juto

Hydrogen by Vapor Reforming or, According to the English Terminology, Steam
Reforming.
The methane that is produced in the steam-cracking unit, in stage c) of the process

according to the inventjon, advantageously can be sent into a vapor-reforming or steam-

reforming unit to produce hydrogen according to the following reaction:

CH+ B0 T+ CO+3Hy




““injected water vapor, preferably in a ratio by weight relative to the

petroleum fraction of between 0.5 and 1.5. The dwell tinme under these
conditions is generally between 0.2 s and 1.2 s. According to a preferred
enbodi ment of stage c) of the process according to the invention, the
| i qui d hydrocarbon effluent that is obtained fromstage b) for separation
of the process according to the inventlfon, containing at |east 50% by
wei ght of linear n- pazaffiins, is sent, at |least partially and preferably

totally, into the, sfeamcracking,furnace . mxed wi.th an external. petrol eum
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the invention, o 4 120 ' OLield b @adryiflz RAE ahd I ns. At
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stage c) of agherpresecss,+gccording to the invention, advantageously can be
sent into a vapor-r&fornmng or steam reformng unit to produce hydrogen

according to th®wing heWesd bieiatons, ¥/ishhdRsiklens brddice whiashy kihe Hat t er

t akes place under conditions that are well knpown to one_ ski|led ip the
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and 850C onryarapfisskel - on- al um na- based catal ysts. Mreover, it is possible to
i ncrease the hydrogen yield by carrying out the conversion of carbon
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produced, rich in hydrogen, can then be sent into the separation train of the steam-
cracking device that itself produces the purified hydrogen that is used in various
hydrogenations and hydrotreatments of the vapor-reforming effluents.

The significant excess of hydrogen that is produced cazn thus be used for
hydrotreating vegetable oil, Thus, it will be possible to avoid importing hydrogen that is
still very expensive and even to export this resource that is very rare in refining but that is
the subject of an ever-increasing demand.

One of the advantages of the invention is the use as feedstock of the steam-
cracking device of the liquid hydrocarbon effluent that is obtained from. stage b) for
separation according to the invention and that contains at least 50% linear n-paraffins.
The advantage of the use of the liquid hydrocarbon effluent that is obtained from stage b)
for separation according to the invention and that contains at least 50% linear n-paraffins
as a feedstock of the steam-cracking device is clearly shown in the following examples in
which the yields that are obtained according to the invention are compared to those that

are obtained by steam-cracking of a direct-distillation middle naphtha.




‘Oni ng to these transformations, it is possible to produce at |east 5 kg of
H2 starting from22 kg, indicated in Table 1, resulting from
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Renewable Saurces in Two Ilntegrated Stages., 1) First MIld Prehydrogenation

Stage, In a|fRattytAcid Gdeceridas coEypetof Ratty:Chadmct or | Yy Mass r equl ated o as
to ensure i|Patdiicmal operation,Ck f0 xed bed of 40/ 4 of nmild
pr ehydr ogenatPabmitodeit al yst t hat iG16 based on ni ckel -on5al uni na and t hag
cont ai ns 15%Seaakieul at ed wei ght jof1gieckel , previousiy reduced, is chafged.
100 g/ h of praeijeefi ned rapeseed @jg: whose 61

Linoleic Cl18:2 20

Linolenic Ci8:3 9

Arachidic C20:0 <0.5

Diesel-fuel C20:1 1

Behenic C22:0 <0.5

Erucic C22:1 <1

100 : 1 TPN of hydrogen per liter of feedstock (TPN = normal conditions of
temperature and pressure) is introduced at 150°C under a pressure of 4 MPa, After |
separation of excess hiydrogen, a mixture of glycerides with a yield that is slightly
higher than 100% is obtained. The prehydrogenated effluent contains the same chains
as the starting feedstock in which the double bonds are almost totally hydrogenated.
The resulting hydrogen consumption is on the order of 0.9% by weight relative to the
feedstock.

2) Second Feedstock Treatment Stage
The prehydrogenated mixture that is obtained from this first stage is directly

and completely sent into a second isothermal-operation fixed-bed reactor that is
charged with 89 g of a second-stage catalyst for treatment of the feedstock, whereby
said




conposition is presented in detail belowis sent. into this fixed bed. TABLE- .
2 . Conposition of the Feedstock that is Cbtained from Renewabl e Sources
Fatty Acid dycerides Type of Fatty Chain % by Mass Palmtic Cl6: 0 4
Palmtoleic Cl6: 1 < 0.5 Stearic Cl18: 0 2 AOeic C18: 1 61 Linoleic C18 :
2 20 Linolenic C18 3 9 Arachidic C0_.: 0 < 0.5 D esel-fuel C20: 11
Behenic C22 0 < 0.5 Bruck C2: 1 <1 l@o 1 T?N of hydrogen per liter of
feedstock (TPN = normal conditions of tenperature and pressure) is

i nt roduced 50C under [e._. er XCess
hydr ogen, :!11 %’10%?%?8&0‘??%}'5?5&;%?%%{) al e elgan?//rlg?l&ﬁ{ hat Efnge%? hit f?é’l 1(Jilegher
t han 100% icenterxtikit ieeehualltoa.396 b ywaight)auiad mdlybdénhmmmdecuontem 1hst 1§ h@lalstme

Cotal Ty hydtogRepeeb Shanes ke B CEORSUEEPOR RELsR DL or der

of 0, 9% by (s RF H; YeAlitey 8f FRddtbi is iipRABELACKio Bis é@@&nﬂatﬁenqﬁtaoeﬁom eat nent
Stage The prehydrogénated m xture that is obtained fromthis first stage is

directly anderesmysbweefyMPent into a second isothermal -operation fixed-bed

reactor that is charged with 89 g of a second-stage catal yst for treatnent
of the feedstock, V\/nereby said 15 hydrotreatm ent catalyst is based on

ni ckel HLH‘-!’- p ; 0 Stalgeehat is equal to 4.3%

by wei ght and aAlﬁD 4 R]d yHrc»1trez)§tecij fff:u%rlltt ﬁxn{ 1s g‘)e%améds ﬁ&%uLge 28 of the process

according to the invention is separated so as to recover a hydrogen-rich gas and a

paraffinie liquid hydrocarbon effluent that is separated from the water that is produced.
The yields that are obtained are indicated in the following table:

TABLE 3

Compounds Yields (% by Weight/Feedstock)
CO 042
CO, 3.53
Cy 0.10
C 0.12
G 321
Cq 0.03
Cs 0.05
Liquid Effluent 85.7
Paraffinic Hydrocarbon

H,O 8.52
Total 101.68
H, Consumed 1.68
(% by Weight/Feedstock)

The paraffinic liquid hydrocarbon effluent that is thus obtained is analyzed by a
gas phase chromatography method, coupled with 2 moass spectrometer; it comsists of
98% by weight of n-paraffing having a carbon atom number of 6 to 25 and 2%

isoparaffins of between Cy7 to Cay. At more than 95%, the n-paraffins are included in the
range of C4 to Cy.




'21.5% by weight on an alum na substrate, the catalyst being sulfurized in
advance. 150: 1 TPN of H2 per liter of feedstock is introduced into this
reactor that is kept at 300C wunder a pressure of 4 MPa.. Stage b) :
Separation of the Effluent that is Obtained from Stage a) Al of the
hydrotreated effluent that is obtained fromstage a) of the process
according to the invention is separateé6so as to recover a hydrogen-rich
gas and a paraffinic |iquid hydrocarbon effluent that is separated from
are indicated in

t he water that |s rcpdu eﬁ, afln:h% i ¢ oo 1 ek . " o :
t he foll ow 511: COoOpP—ouTTo : - ) eedst OCk) CO

Of ;1|2 C02$3 53 Aﬂ]lc}:f&héﬂqm&?ﬁ%d}odhﬂ')ogﬁﬁl&nﬁfhat cﬁﬂta&s%% lﬁswéigﬁ)&f okpatpfiiok |
E uent $5 a tocarbon H 0 H2 Consune
65 0% by, MR Aok s ST FTes OIVAR I Lo ara {Wawr SRS Bont t hat
I's thus ODLité}adpbiSin AR \DARELIN ritio @a&egmaga i§ BHaed 0anhd By operitiost.a coupl ed

wWth a mass spectroneter: i1t consists o 8% by wei ght of n-paraffins
having a cdrhesmtateefBoRieh dhe dweld time imthisfumacmis Oisopar af 6ns of bet ween C17
to C21, At moregthan Sed%s G o nlRfadhds dhiddGe iHaGhe 4P e sthatdiEn sAIGF OF C

16 to C22. 6
as indicated in Table 3, the following production levels are obtained:

TABLE 4
Compound Kg
H; 0.95
CHy 18.8
Ethylene 36.8
Propylene 16.2

If the propane that is formed in hydrotreatment stage a) of the process according
to the invention is separated to be sent into a steam-cracking furnace that is sized to treat
liquefied gases, it is possible to obtain the following production levels starting from 3.2
kg of propane, indicated in Table 3:

TABLE 5
Compound Ky
H, 0.05
Ethylene 1.34
Propylene 0.53

In all, starting from 100 kg of vegetable oil, it is possible to obtain the production
levels that are indicated in the following table where the yields that are obtained from.
middle naphtha and atmospheric diesel fuel are listed for purposes of comparison.

TABLE 6
Compounds Yields, % by Weight
Vegetable Oil Naphtha Atmospheric Diesel
Fuel
H, 1 1 0.54
Ethylene 38.1 33.6 26.0
Propylene 16.7 15.6 16.1




16 Stage ¢ : Sending the Paraffinic Mxture into a Steam Crackin Furnace
Al of the |iquid hydrocarbon effluent that contains 98% by wei ght of n

-paraffins indicated in Table 2 is sent into a conventional steam cracking

furnace in the presence of water vapor in an H20/paraffin ratio by wei ght
that is equal to 1 and that operates at a tenperature of 800C. The dwel |
time inthis furnace is 0.5 s. Starting/from85.7 kg of n- paraffins
obtained at the end of the separation stage b) as indicated in Table 3,

the fol | ow duct | | bia 4, . 0. 95
e 1 5"y SRR P PR % 187 S LR b,
hydr ot r eat regifjlens tyalt Bit D¢ vELlREHOIRSRr 666 it peodutel friia Honidepdroltim S

separated to be sent into g steamcracking furnace that is sized to treat
|i quefied §iedens while phtaiginedmpraveqd welds PEPTRPYIARS: f ol | owi ng production | evel s

starting from 37 410k BIOR Brophil qegtegelﬁskoa@@hecag thEAHeE st fgRyTPOUNd
112 0.05 Ethylene 1.°34 Propyl ene starting from 100 kg of

veget abl e @plymerigation upiss iab s lﬂ’@WGB? éillﬁ skifled i et soothat the fiaplsprodusts ar e

i ndi cated i bI ik ai ned from
m ddl e nap%%?@l%’gaé (mgs%ﬁ’e%n?c I ese Iﬁﬁ éﬁ@ﬁl st%%%@%gpur poses of
conpari son. TABLE 6 Conpounds Yields, % by Wi ht Vegetable O 1| Naphtha
At nospheric D esel




Fuel H2 11 0.54 Et hy'lepe 38.1 33.6 26.0 Propylene 16.7 15.6 16.1 17
The process according to the invention therefore nmakes it possible to
obtain ethylene yields that are very clearly higher than those produced
fromliquid petroleum fractions while obtaining inproved yields of

propyl ene, The ethylene and the propyl ene that are produced can then be
sent into polynerization units that ad® known to one skilled in the art so

that the final products (polyethylene, polypropylene, ...) are obtained
integrally fromrenewabl e sources. 1§ ﬁ M5 1. Process for treatnent of a
feedstock that is obtained froma r source that conprises the

follow ng stages: a) Hydrotreatnent in two stages in which said first stage
of treatnent that _ consjsts of a mld {grehydro%enation operates at a

tenperature of BetRiRsess i9ptregigreniond @ fecdgtock thahisiobiined frpph g gnelyalie sQHee of

bet ween 0. JhAREmbke MR foltfin@ltade: hourly volunetric flow rate on the
catal yst of between 0.1 h-1 and 10 h-1, in which said prehydrogenation

cat al yst conpri gksHydrofreatmentoinetweoithges rint whicly said rfirstpstege pf trhetmentsthge] ect ed
from anong i 0 | atipum or _conprises at | t o npLsaAabl e

e al of - greaiie Y il 3R BBk R SR R g BES egR BF R NEE Che
nﬁn- noblfa rie b phrtial hyiregep pb&shxfre ioﬁbg@’?ﬁﬁ@.edndflowafmcggtmEHﬁﬁb vahghetr@bal t and
t he neta rou 1B is selecte roma pol ybdenum and tungst en,
wher eby jsa%“&"‘@@’dﬁ%ﬁﬁﬂfti%ﬁe'ﬁvzf%p}lé%‘{nﬁ%fg&gfét&W%‘ﬁlééaégpf?gyfgtz’%ﬂ,mand in
whi ch sai d caeBeNebnigrast AEBdst dhalHsh10 BREALE $rovb VATE ABPR Blebtc ot ARbMeen 200
and 450C, at_a pressure of between 1 MPa and 10 MPa, at an hourl

vol uret i ¢ PeHadsim pud platinn erecomprisas b loat podeempable metal of eromrdillmaler 2 and at
? hteOth%r g;g‘%&ﬂt %ﬁéf ]g{étég%“g%r&gﬁgﬂa ’totillﬁésre e%ﬂéﬁ%gietlg%%lhﬁo%g&ﬁlﬁgﬂg%( Seﬁ?f r ogtegafoer
8 of f eeddtont kmong nickélcandsenbalt ead dhe stetabfof tgnaps ¥E® gl selected from among
molybdenum and tungsten, whereby said prehydrogenation catalyst is a metal-phase
catalyst, and in which said second treatment stage operates at a temperature of between
200 and 450°C, at a pressure of between 1 MPa and 10 MPa, at an hourly volumetric
flow rate on the catalyst of between 0,1 h™ and 10 b, and at a total quantity of hydrogen
that is mixed with the feedstock, such that the hydrogen to feedstock ratio is between 50
and 1000 Nm® of hydrogen per m® of feedstock, in which said catalyst of the second
treatment stage comprises at least one non-noble metal of group VIII and/or VIB,
whereby the non-noble metal of group VIII is selected from among nickel and cobalt, and
whereby the metal of group VIB is selected from among molybdenum and tungsten and
is a sulfide-phase catalyst,
b) Separation from the hydrotreated effluent that is obtained from stage a) of
hydrogen, gases, and at least one liquid hydrocarbon effluent that consists of at least 50%
by weight of linear n-paraffin,
c) Steam-cracking of at least a portion of the liquid hydrocarbon effluent that is
obtained from stage b).
2. Process according to claim 1, in which stage a) consists of a first treatment
stage that consists of mild prehydrogenation of at least 99% of the double bonds that are
contained in the hydrocarbon chains of the fatty acids of said feedstock, followed by a




t'reat nent st age c'orrpr'i ses at |east one non-noble netal of group VIII and/or

VI B, whereby the non-noble netal of group VIIl is selected from anong

ni ckel and cobalt, and whereby the netal of group VIE is selected from
anong nol ybdenum and tungsten and is a sulfide phase catal yst, b)
Separation fromthe hydrotreated effluent that is obtained fromstage a) of
hydrogen, gases, and at |east one |iqul®¥ hydrocarbon effluent that consists
of at least 50% by weight of linear n-paraffins, c) Steamcracking of at

| east a portion,of the. li iid hydragar,bon effl pent i obt ai ned from
Loace by O hboB st Mt oo SRR daRbh ot filtast P g ey SR BEREL o o
first treatthaate costamgdin thahykenatioslcBaind ofhé Eittpaciyshsadaadiioan of at | east

99% of the doublLe_bonds that are contained in thc‘i\ hg/droca bon chai ns of
the fatty aci ds>ofTCEisAceas %f"o%‘%?,c'fF@f‘P%?n@Hz’B?W&‘ dghé @eebofereret: t stage

t hat consi&hsapreﬁydmgqﬁﬁgﬁe@g@msﬁgkﬂt | east 99% of the ester groups that
are contained in the hydrocarbon chains of the fatty acids of said

f eedst ock. 3. PfoleosessAeeasding fryoneeisleatmpd ord.dn mbich the mptal ofgroup VB ethe net al
of group Vigd nfvdr ] ' catal yst is nickel. 4. Process
according to %rng o@%@?%@mﬁ&gﬁg&h?ﬁ%i ch the nmetal of group VIB of the
pr ehydr ogenat i of. Brocess pedordisg teoing bfieamm 1 16 4, Ardudsthe fdlosiny cogrbimtiamse of

clains 1t ' i.gh . f ol,l owi ng_-combi.nati,qns __of netals are used.
ni ckel - nol 3% gﬁéf%r%\%g&c%%gﬁﬁoﬁ%wﬂ '%?F?ﬁogg'nﬁiy&ggg@'accor ding to one of
clains | to 5, bn Rabdesshaczaddthgptoediedsfadebngtli s, is adhidhysiid pehpdroghadonphase

cat al yst whosge net al se caqnsi sts of nickel glone. 7, Process according
to one of CPAVHHS imteﬁegﬁas? ﬁataﬁqte‘{iwf%@etm?mP%stﬁ%f%?k%?k’n"gr oup VIIIl of the
catal yst of the7seeqps dceaaingabions bAGRIhS] % 6KRl whith i RmaRBIARGA S Ng to
one of clainms 1 to 6, in which the nmetal of group VIB, catalyst of the

second t r e &FevEMIISf Shgeatalyst afdhaasprnd ireatmynt gegsderiskebccor di ng to one of

claims 7 to 8, ghpie&hcssl { i - ' b O

content of between 0.5 g%@%&?&% gﬁ%%%%ﬁ?‘ﬁgﬂc%ﬁcﬁﬁ% gfxxérg'g) Vﬂ,
catalyst of the second treatment stage, is molybdenum.

-t

9. Process according to one of claims 7 to 8, in which said catalyst comprises a
nickel oxide (NiO) content of between 0.5 and 10% by weight and a molybdepum oxide
(MoOs) content of between 1 and 30% by weight on an amorphous mineral substrate,
whereby the percentages are expressed in % by weight relative to the total wass of the
catalyst.

10. Process according to one of claims 1 to 9, in which the liquid hydrocarbon
effluent that is obtained from stage b) consists of at least 98% by weight of linear n-
paraffins.

11. Process according to one of claims 1 to 10, in which the liquid hydrocarbon
effluent that is obtained from stage b) is sent completely into a steam-cracking furnace.

12. Process according to one of claims 1 to 11, in which the liquid hydrocarbon
effluent that is obtained from stage b) is sent completely into the steam-cracking furnace
mixed with an external petroleum fraction such as a paphtha fraction or a diesel fuel
fraction.

13. Process according to one of claims 1 to 12, in which the methane that is

produced in stage ¢) is sent into a vapor-reforming unit.




" (Mb@B) content of between 1 and 30% by wei ght on an anor phous ni ner al

substrate, whereby the percentages are expressed in % by weight relative
to the total mass of the catalyst. 10. Process according to one of clains
1to9, inwhich the liquid hydrocarbon effluent that is obtained from
stage b) consists of at |east 98% by weight of |inear n- paraff us. 11.
Process according to one of clains | t & 10, in which the Iiquid hydrocarbon
effluent that is obtained from stage b) is sent conpletely into a

steam cracking f i o 11, in
which the |iqui éhl rgsgaa?%c’ ent % wo‘%t g%%9¥r6§%&s a{) i's
sent conpl elbelﬁqpmﬁ'anm atfmvsabbaswmcaatkloﬂg aﬁdjfamaoévegetabkdowwmﬂna}amgmtm nal

petroleumfra napht.ha cti on or e fraction.
13. Proces<™3 egrglsﬁél ?ﬁ%ﬂ%s’o?‘” ! "g mgy‘feﬁl e‘lszi‘mdi/cf‘f %W@ﬁ‘dfﬁ% FefHdhe t hat
IP s pr Oducametadbys'bmdgs&gét)blb f@ll@ eal b Iiii\ﬁ) oﬁréﬁjé@,rtofaﬁmfoﬁlphﬂitlﬁgh aﬁ:cillvihereBQ sle:i]i4. h
rocess accordi to one of ¢ in [ the fee tocst at
are obt ai ng cﬁnﬁa@n@ﬁ}é'ﬁ?éi saé‘glﬁ’ééa raéldo?t!‘%t“a‘ﬁ ﬁa}@@r BYters QY or

ani mal ori Ghsins %twmm%@fmﬁwlgfg%g&t%ﬁg5 containing triglyceri des
and/or fatty acids and/or esters, whereby said vegetable oils can be raw
or refined, total or partial, and wher eby said feedstocks contain

trigl yceride and/or fatty acid structures and their esters, whose fatty
chai ns contain a carbon atom nunber of between 6 and 25.
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